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Procurement Organization

a Material Mgmt Systems

a Surveillance and Inspection

a Travel Services
a Procurement

a S$/S&DB Program

a Contracts

a Supplier Process

Vice President
Procurement

a Purchasing
s Expediting’

a Warehousing
a Contracts

a Traffic

Taskforce

—

Administrative
Procurement

Relocation
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P.01 Course Agenda

Modaule 1 Project Procurement Planning
Module 2 Procurement Systems Overview

Module 3 Uniform Commercial Code (UCC)
Module 4 Terms and Conditions |

Module 5 Request for Quotation

Module 6 Bid Analysis and Purchase Order Award
Module 7 Purchase Order Administration

Module 8 Expediting

Module 9 Surveillance

Module 10 Traffic
Module 11 Warehousing
Module 12 Field Procurement (Jobsite)

a Each module will be completed with a Module Review Exercise



- PROCUREMENT 101

- An Introduction to the Elements of Procurement
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MODULE ONE

Project Procurement Planning
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MODULE 1
Project Procurement Planning

Purpose: To provide a general understanding of how
proper planning on a project contributes to successful
project procurement execution services with an emphasis
on:;

A. The Importance of Planning
B. Project Planning

C. Ethics

D. Module Review Exercise
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‘A. The Importance of Planning

What is it? Webster says a plan is a method of achieving an end.

Why plan?

e To streamline and improve execution

» On a typical "fast track" project we may have 80 to 400+ people that need to "march-to
the same drum"

« To provide services to our clients which are better, safer, cheaper and faster
A Procurement Plan addresses how we will perform all (of some) of the following functions
o Scope of Services ¢ Material Control e Systems e Surveillance

o Work Processes e Supplier Selection e Contracting e Traffic
e Field Procurement < Minority Business e Warehousing e Staffing

Where do we look for-guidance? | (

o

o Procurement Practices Manual ~ « OPG - Operating Principles
 Experience from Past Projects Guidebook
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B. Project Procurement PLANNING
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B. PROJECT PROCUREMENT PLANNING
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B. Project Procurement Planning

Practices

. Recommen_dations and Guidelines to use in our
normal business day.

» Procurement Practices Manual

~ Contracts Management Practices Manual
~ Warehouse Practices Manual

- SQS User Reference Guide
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B. Project Procurement Planning

Suppliers

o B A R YT L T S TR AT AP P

Where do we look to assist in supplier consideration?
» Key Suppliers
- Contractual agreements between Fluor Daniel and Supplier.
» Demonstrated leaders in their commodity.
~ Lowest total installed cost and best deliveries.
~ Early involvement to reduce redundancy between engineering and order entry.
« Client Contractual / Preferred Suppliers
» Technically Specific Suppliers 4
e Regional Supplier Data Base (provides opportunity to purchase locally)
How are suppliers validated?
o Supplier Ratings
» Shop Surveys (SQS)

e Caution List

o Financial References (Cun & Bradstreet) / /
How do we establish a Procurement strategy? |

¢ Determine who supplies material and equipment (FD or ?) 4

» Review the types of packages with the suppliers being considered A
« Determine single source vs competitive bid approach per package ‘M
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B. Project Procurement Planning

Personnel

gy
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Personnel

—

Personnel are provided to the PPM by the Department Manager. Match the experience level and the number of
people to the work.

Example: On a project where we have 110 purchase orders and 5 contracts, we probably need a stronger full
time purchasing level of expertise and part time assistance from contracts administration specialists.

Performance Assessments

Roles and Responsibilities
The roles and responsibilities of employees must be defined.

Expectations / /
It is of vital importancé to define expectations of employees during performance assessments.
This process defines goals which the employee can pursue. This process also defines
milestones upon which employees can be measured.
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B. Project Procurement Planning
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B. Project Procurement Planning
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B. Project Procurement Planning

.
v Activity Quality Plan - AQP 7 Estimate Number of Hours Per p
« A list of auditable key activities 'denl?uﬁﬁm';ﬁg PR o outs o e

v Plans ; ] . Lr:[gition ]Qs hhgogtrss
 Material and Procurement Plan - describes scopes of services . Total 40 hours '
o M ateri aI COI'ItI'OI Plan | Iaiir:ll;r% tﬂﬂa’?ﬂ.ﬁ Io:; g;(c:gages and multiply by hours / service or
» Work process from engineering to field material issuance 20 equipment P.0.'s @ 40 hours / package = 800 hours
» MTO and bump factor philosophy per discipline
« System Implementation Plan (see module 2)

» Document systems that will be used

» Develop work flow diagrar as it relates to work process
 Logistics Plan

» FOB Terms

» Material routing strategy

Estimate Effort Hours Based on Schedule (man-load
process)
Plot effort hours per Project Schedule
Jan Feb Mar Apr May Jun Jul

» Special load considerations Pka. #1
» Surveillance | B, —

I ) L. =
» |dentifies the level of survelllance / inspection Trafh —
Pkg. #2 ———

» |[dentifies orders to be inspected
« Staffing Plan / Budget Estimate (3 ways to develop)

“efc.
Total = 775 hours

» Estimate effort hours based on schedule (man-log B s

Estimate Based on 10% of Total Home Office
Hours

Total engineering hours =
9 !30(30“9

10% of 8000 = 800 hours
Total = 800 hours



r iUl Module 1 - Page12

07/12/19¢"

Material Resp.

B. Project Procurement Planning

Master Commercial Negotiating ) - ) [ RFa&p.o.)
Lallsdt ﬁ Strategy E Strategy B g Documents ._
‘mﬂ"ﬁ i = i . = — '

j L/
ST B LT L S O SHIRET s ple

v Procedures - state how plans will be accomplished (required for each plan)

v Master Bidders List
e Documents pre-qualified bidders from the supplier selection process
v Commercial Strategy
e Incorporate flow down requirements from Prime Contract into RFQ and P.O.
- documents (i.e- warranty, insurance, agents, tax)
v Negotiating Strategy Philosophy
» Schedule, payment terms, cost, spares, start-up services, shipping terms
v Material Responsibility Matrix
« Identifies all material to be purchased and who is responsible (i.e. Fluor Daniel,
Client, Contractor). Includes determining project blanket P.O. requirements
(i.e. scaffolding, field purchases).
v RFQ and P.O. Documents
« Start with master clauses and modify for project requirements (See Module 5)
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B. Project Procurement Planning

Outputs

Who is responsible for Procurement outputs?
e Development
v Project Procurement Manager
e Implementation
v Project Procurement Team

Do Procurement outputs change during the execution of a project? Yes

o As scope deviates, the project team develops pro-active resolutions
and revises the plans accordingly.

o Work process improvement

* It is always beneﬁéial to keep auditing in mind when developing project plans and
procedures. This can help streamline the auditing process.

~* Always develop plans and nrocedures to match the requirements of the particular project. It
is of no benefit to simply cop:: procedures from manuals or previous projects if they don't
match th~ current situation. -
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C. Ethics:
cs'

In Procurement and Contracts, it is our responsibility as business professionals to
establish and communicate the ethical standards by which all other organizations can
follow. :

v Relations with Suppliers and Contractors

» Good relations between Flour Daniel and its suppliers and contractors can only be
maintained through fair and courteous treatment.

v Confidential Information
e Technical
¢ Commercial

v Conflicts of Interest

» Employees should disclose any conflicts of interest and voluntarily remove themselves
from situations that could be deemed as a conflict of interest.

v Gratuities

« Employees have the responsibility to ensure that they do not become obligated to any
supplier or contractor by the acceptance of gifts, gratuities or special entertainment.

v Ethics Hotline
e 800-654-3360 (within California only)
 800-223-1544 (outside California)

The Ethics Hotline is for the confidential reporting of suspected unethical or illegal
eondnet ' ' |
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D. Module Review Exercise

Fluor Daniel has been awarded a new "E.P.CM." project. The project team has
been identified and has had the first alignment session. The home office estimate
has been established for all services. All plans, procedures, work processes and
systems have been developed and set up. Scope definition identifieéd that some of
the following types of packages would be issued:

1. ANSI centrifugal pumps

2. Chilled Water centrifugal pumps (10 pumps P101 - P110, RFQ
#GMS-A-001).

3. Carbon Steel and Stainless Steel pipe fabrication

4. Pipe, Valves and Fittings

What type of purchasing strategies should be considered? /5/

P

éf a

Tr
,.30_,3“5”
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D. Module Review Exercise
Answers

1. Single source with Key Supplier (Goulds) for ANSI centnfugal pumps.
(Obtain sole source approval)

2. Competitive bid the chilled water centrifugal pumps with 3 - 4 bidders.

3. Split the carbon steel and stainless steel pipe fabrication into separate
packages and competitively bid them.

4. Home office to buy all valves. Home office to purchase bulk pipe and
fittings from the first MTO representing approximately 80% of
material required. Sub-Contractor should purchase the
balance. Single source Key Supplier (McJunkin). Y U

S .

/""}_%-éﬂ""
3 e
g
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- C. Work Process & System Integration
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C. Work Process & System Integration

Procedures
» Planning - How does the project need to be managed
~ Work Process
~ Systems to support the work process
~ Training/Communication
Project Management Strategy
Work Process Integration
Systems
Roles and Responsibilities
- Project Management Team
Project Strategy
Define Work Processes
» Systems Support
Implement the-systems to support the project needs
Training
Material Manager /-Coordinator
» Drives the Work Process
~ Controls Material from "Cradle to Grave"
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C. Work Process & System Integration

Project Implementatian Strategy:

e Alignment e Tracking
v Material Manager with Other Disciplines v Types of Equipment to be tracked
» Clauses v Types of Commodities to be tracked
v RFQ vs PO v Level of detail
v Equipment vs Piping vs Electrical vs « Consistency
Instrumentation etc. v Numbering
e Milestones v Naming
v Critical / Complex Packages v Milestones
v "Off the Shelf' Packages e Security
v Bulk Material Packages _ v Disciplines Accessing Systems
o Numbering & Naming Conventions v Levels of Access
v Package Numbers » Work Processes
v Equipment Numbers v Eliminate Duplications
v Commodity Numbers v Improve Performance

v Spares Identification etc.

e Reports
v Type of Reports to be Issued | & /

v Frequency of Distribution
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Exercise

| Given t-e Module One Review Exercise of four types of packages:

Package Type Procurement Strategy
1.  ANSI centrifugal pumps Single source - Goulds key supplier
2. Chilled water centrifugal pumps Competitive bid - 3 to 4 bidders
3. CS & SS pipe fabrication Competitively bid
4. Pipe valves & fittings Single source - McJunkin key supplier

Answer the following questions:

1. Would all four packages have the same number and type of RFQ / P.O.
clauses.

2. Would the same milestones need to be tracked for all packages?

3.  What considerations should be made when developing an RFQ
and P.O. for receiving and issuing activities?
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D. Module Rewew Exercise

Answers

1. No, there would be a different type RFQ & P.O. with less clauses
for the bulk packages vs engineered equipment packages as
well as Key Supplier vs competitive bid situations. (this is why
a sample "shell" is created from master clauses to streamline
execution)

2. No, the same number of milestones would not have to be tracked
on all packages.

3. The bill of material should be in enough detail to allow the
field to receive items against it.
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" Terms and Conditions
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MODULE 4 .
Terms and Conditions

Purpose: To provide a general overview of purchase order
P6 Terms and Conditions.

A. Terms'& Conditions Gwdelmes
B. Articles Index

C. Article Definitions and Interpretations
D. Module Review Exercise
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A. Terms and Conditions Guidelines

« What is the best purchase scenario?
~ A Purchase Order issued without exceptions.
o What steps should we take when the bid arrives with the supplier's Terms & Conditions?
~ First of all, quickly determine if the bid is technically and commercially acceptable.
~ Advise the bidder its bid may be "REJECTED", this gets the attention of the bidder and
focuses the bidder in identifying the real areas of concern in our T&C's..
e Exceptions
~ Are there Terms that are more important than others?
~ (Possibly: read the prime contract)
- What do you do with the exceptions to the lesser terms?
(PPM confers with ~rocurement Department Head / Project Manager and determines
how and what to negotiate)
~ Do all exceptions need authorization?
(YES)
~ Who authorizes the negotiated exceptions?
(PPM and Procurement Department Head OR the LAW)

- What happens if the wrong person authorizes exceptions?
(Fluor Daniel may be exposed to more risk) & S
~ Where and how do you document authorized exceptions?

(In the Purchase Order) >

4
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B. Articles Index

Page 4

Shipment

Complete Agreement
Title

Reservation of Rights
Waiver

Patents

Warranty

Inspection and Expediting
Indemnity

Delays

Assighment

Changes

Canceliation for Default
Termination for Convenience

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
295.
26.
27,

L.aws and Regulations
Mechanics' Liens
Suspension of Performance
Independent Contractor
Gratuities

Confidential Information
Hazardous Materials
Validity of Provisions
Arbitration

Right to Offset

Security

Insurance

Safety and Health Regulations
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C. Article Definitions & Interpretations

~ Article 1 Shipment
» Partial shipments do not divide Seller's obligations.
» Buyer's count prevails if no packing list is included.
» Overages may be returned for credit at Seller's expense.
Article 2 Complete Agreement

» Signing the P.O., acknowledging P.O. acceptance, or commencing performance results in Seller's
acceptance of the P.O.

» The P.O. and the accompanying documents are the entire agreement and have priority over:
v Previous Documents  (Proposals, Negotiations, Addenda, Meeting Minutes, elc.)
v Invoices and Acknowledgments
v Trade Custom and / or Trade Usage
> Ameiguilt_ies, express conflicts and discrepancies shall be brought to the attention of Fluor Daniel by
upplier.
» Heading and Numbering are not to be used for interpretation of any provision.
Article 3 Title
» Seller guarantees that it has sole title to the goods and that title is not subject to any claim by
anyone else.
~ If Brt:yelrj rgakes progress payments, title passes once the goods are identified to
that

- Care, custody and control remains with the Seller until the Buyer takes possession
or formally accepts in writing. /

~ All shop drawings, patterns, tools or other items made preparatory to
production are the Buyer's property.

Consultants will always objact because they believe the drawings are
their marketing tools.
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C. Article Definitions & Interpretatlons

Article 4 Reservation of Rights
» The Seller's obligations are still in force and the Buyer's rights of rejection still stand regardless of:
v Whether or not inspection has occurred.
v Whether payment has occurred.

v Whether buyer has knowledge of a non-conformity, regardless of when discovery of a
non-conformity occurs.

Article 5 Waiver

~ Just because the Buyer does not insist on performance of any term or condition on a prior occasio
does not waive such term, condition, instruction, right or privilege on any occasion thereatter.

-Article 6 Patents

» Seller bears all responsibilities for any patent infringement accusation or final judgment. (including
payment of damages against Fluor Daniel and / or client)

» We must promptly advise Seller in writing of any suits.
Article 7 Warranty
» The goods will conform to applicable drawings, specifications and other descriptions.

» The goods will be new, first class, fit and sufficient for all the purposes intended and
free from defects.

» The warranty extends to the Buyer, the Owners and their Customers.
» Within 12 months after staii-up or 18 months after shipment, whichever occurs
first, Seller will repair or replace any non-conforming goods or services. / /
~ All costs of repair are the responsibility of Seller.
Review the Prime Contract to determine if different, and amend our T&C's

i

gty

(s
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C. Article Definitions & Interpretations

e Article 8 Inspection and Expediting
» Buyer and Owner reserve the right of inspection and expediting of the Seller and all
sub-suppliers of the order.
~ Physical access to all relevant parts of the Seller and sub-supplier's plants is permitted.
~ The Seller must make these terms a requirement for their suppliers.
~ Five (5) calendar days notlce in advance of inspection by Buyer required.
- NoBgoods may be shipped without a final inspection or a written waiver of inspection by the
uyer L
~ At a minimum, order statuis is to be furnished every 14 days.
Review the ane Contract for the inspection notice period and order status notice.
~eArticle9  Indemnity
~ Seller agrees to indemnify and protect the Buyer and Owner from all injury to persons and
damage to property in any way connected with the performance of this P.O. even if injury or
damage is caused in part by the Buyer or Owner.
» However, the Seller is not responsible for any injury or damage caused solely by the negligence
of the Buyer or Owner.

» In pr%wgmg all indemnity in P.O. Seller agrees it has been paid a specific payment
of $1

i

Note: To indemnify means one party assumes an obligation to make / /
the other party whole with respect to the claims of others.

* Must review the Prime Contract to ensure wording in this article
meets requirements of the prime.
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C. Article Definitions & Interpretations

Article 10 Delays
~ Time of delivery is of the essence for the P.O.

» Seller shall promptly notify Buyer of any actual or anticipated delay and take reasonable steps to
avoid such delays.

» Ifthe delay is caused by acts of God, acts of civil or military authority, war, riots, strikes or similar
causes beyond the Seller's reasonabie control, then:

v The Buyer can terminate the agreement or
v The Buyer can extend the date for performance
» Seller is not entitled to any extra compensation in the event of such a delay.
Must review the Prime Contract to ensure wording in this article meets requirements of the Prime.
Article 11 Assignment
» Buyer's prior approval is necessary for any assignment of this P.O.
» The Buyer has the right to assign this P.O. to the Owner or an affiliate of the Buyer.
Article 12 Changes
» The Buyer has the right to make changes to the specifications and drawings of the P.O.

» Seller must notify the Buyer of any price or schedule impact within 5 calendar days after
Seller's receipt of the notice of change. '

Check the Prime Contract for notification period.
» Seller shall suspend performance of the change unless released in writing by the

Buyer. —
~ While Buyer and Seller are negotiating cost adjustment, unaffected parts / / of
the P.O. should proceed.

» For modifications to be binding upon the Buyer, the agreement or
understanding must be in writing.
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C. Article Definitions & Interpretations

Article 13 Cancellation for Default

~ Buyer may cancel the P.O. if the seller is judged bankrupt, makes a general assignment for creditors,
is insolvent and has a receiver appointed or is in default of any provision or requirement of the P. 0.

» The Buyer may find another means of completing the P.O. and the original Seller is responsible for
any additional costs.

» The Buyer may use money owed the original Seller to satisfy the additional costs.

» The waiver by the Buyer of any default of Seller does not waive any other requirements or any future
default of the Seller.

Article 14 Termination for Convenience
» Buyer may terminate the order for convenience by written notice at any time.
» On the date of termination, all work is to be discontinued and all work-in-progress protected.

» Termination payment shall cover that portion of work performed to date of cancellation (including_
overheads and profit) and reasonable expenses resulting from the termination.

» Seller is not entitled to protective profits, overhead, consequential or other termination.

» All goods must be delivered (with all applicable warranties), assigned or disposed of as directed by
Buyer prior to final payment.

In any termination analyze your risk and options as part of a team prior to the termination.
Article 15 Laws and Regulations
~ Seller warrants that all goods and services supplied will comply with applicable

laws and regulations.
~ The P.O. will be subject to California Law and Jurisdiction. / /
Prime Contract will determine any changes to this contract.
~ Seller will be responsible for any costs arising out of Seller's failure to comply

with OSHA and Afﬁrmatwe Action Plans as they relate to the goods. / *E
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C. Article Definitions & Interpretations

Article 16 Mechanics' Liens
» Seller will indemnify and defend Buyer and Owner from all liens relating to this P.O. and will keep the
premises free of liens.
» To the extent allowed by law, all lien rights relating to the goods furnished for this P.O. are waived.
Article 17 Suspension of Performance
» Buyer may at any time suspend all or part of this order for up to 180 consecutive calendar days or 27C
total aggregate days.
» Seller shall promptly and efficiently suspend P.O. performance and properly care for affected goods.
» Buyer may at any time withdraw the suspension through written notice to the Seller.
» Seller may pursue justifiable cost adjustments through the Changes provisions, but incidental and
consequential damages are not allowed.
Review the Prime Contract for suspension time periods and what Seller is allowed to recover.
Article 18 Independent Contractor
» Seller is acting as an independent contractor and not as agent or employee of the Buyer.
» Written authorization by the Buyer is required before any other work can be sub-contracted to others.

Article 19 Gratuities
» Buyer may terminate this P.O. if it is found that gratuities were offered or given to
influence Buyer's award or administration of the P.O. (entertalnment gifts or

otherwise).
 If terminated, Buyer may pursue the same remedies as Buyer may have for

breach of the P.O.

Procurement personnel should be aware of our Ethics Policy included in
the Procurement Pracfices. :
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| C. Article Definitions & Interpretations

Article 20 Confidential Information
~ Seller and sub-suppliers will not disclose any document designated as confidential to any third
party or use it for any purpose other than performance of the P.O.
» Seller shall not publicize the existence or scope of the P.O. without Buyer's consent.
Article 21 Hazardous Materials

» Seller must advise Buyer if any goods are furnished which are subject to hazardous / toxic rules
and regulations.

~ Appropriate shipping and handling instructions for such hazardous / tox:c materials must be
provided to Buyer.

~ A specified certification must appear on the Bill of Lading for any hazardous materials.
Article 22 Validity of Provisions
~ The provisions in the whole Purchase Order are not invalid because one provision or part is
unenforceable.
Article 23  Arbitration

~ If Buyer is required to arbitrate a dispute with a third party, Seller agrees to join in the arbitration
and to be bound by the resuiting judgment.

Note: The hearing and détermination of a case in controversy by a person
chosen by the parties or appointed under statutory authority. / /

This article commits the Seller to support Fluor Daniel in any
arbitration Fluor Daniel may be involved in. It does not mean that 4

Seller and Fluor Daniel will resolve their disputes through arbitration.
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C. Article Definitions & Interpretation

Article 24 Right to Offset
~ Any amounts which the Seller owes the Buyer under this P.O. may be deducted to pay any
other debt Seller owes Buyer or Owner.
Article 25 Security
~ If the Buyer makes any advance payment or progress payment, the Seller may be requirec
to execute a Security Agreement and Financing Statement. This gives the Buyer a
priority to the goods over any of Seller's other creditors.
Article 26 Insurance
» Certificate of Insurance required 30 days prior to commencing work.
v Workman's compensation - $100,000 / occurrence - minimum
v Comprehensive General Liability - $1,000,000 / occurrence, includes bodily injury,
property damage, including death .
v Automobile - $1,000,000 / occurrence
This article is applicable when services are performed at site.
Review the Prime Contract for insurance changes.
Article 27 Safety and Health Regulations

~ Seller abides by and enforces our project safety requirements.

- Work area to be kept clean.
~ Fluor Daniel or Owner has right to remove person(s) violating safety / V4

rules & regulations.
This article is applicable when services are performed at site.




P101 Mod ™ - ‘ . Page 13
07/12/199

D. Module Review Exercise

Module 6 will go into further detail about bid receipt, negotiations
and award. Additional modules, later in the course, are all capable
of having a Terms & Conditions issue arise.

For this exercise, let's say the prime contract requires a longer
warranty period than that of our company standard stated in article
number 7.

1. How do we emphasize this to suppliers?

2. What if there is a related cost?

3. What if the Seller will not agree to a Fluor Daniel
term which is also in the Prime Contract?

. 4. What if the supplier can honor required warranty /ﬁ/‘

~on 5 pumps but not the other 5 pumps??
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D. Module Review Exercise

"Answers

1. Special clauses within the Sample Purchase Order and Purchase Order

should address the following:
v Sample P.O. - state warranty required and that this supersedes article 7
of Terms and Conditions.
v P.O. - state agreed warranty period achieved including expiration date.
2. Exhaust all efforts to negotiate additional charge for extended warranty.
However, if unsuccessful, itemize cost in order so not to confuse total

material cost.
3. If the prime contract extended warranty cannot be achieved then the

Project Director and Client must agree to any less stringent warranty
requirement. The P.O. should then be amended to state
agreed warranty. P

4. Again, negotiate the best warranty possible, obtain Project

Director and Client approval, and document agreement.
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P101
MODULE FIVE

Request for Quotation
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MODULE 5
Request for Quotation
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Page 2

Purpose: To provide guidance in the preparation, issuance |

and execution of a Request For Quotation.

A.
B.

C
D

Request for Quotation
Preparing the Bid Document
. Bid Receipt Preparation

. Module Review Exercise
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A. Request for Quotation

What is it?
A Request For Quotation is a formal approach to obtaining a price from selected bidders for a particular
commodity that will be purchased.

Why do we do it?
To obtain materials ethically and conS|stent|y for a fair price and to ensure all bidders receive the same

information pertaining to the bid package.

Who creates a Requisition?
During the design and construction phases, engineers create the requisitions.

How does a Requisition get to Procurement?
It must have a routing sheet complete with project approval signatures.

What does Procurement do with a Requisition?
Prepare for bid by selecting and contacting the bidders. Confirm bid close date and address. Decide how to bid
the package (i.e. telephone or formal). Assemble the commercial verbiage (i.e. Sample P.O.). Issue to bidders.

Why do we have a Sample P.O. and a P.O. document?
A Sample P.Q. is generated during the bidding cycie and sent with the RFQ so bidders can
see Purchase Order commercial criteria. At time of award the Sample P.O. is transferred into
the P.O. with little effort. / /

What is a Pre-Bid Meeting?
One meeting with all bidders held shortly after bid issue to focus on scope and
~ requirements as well as to discuss any and all clarifications the bidders may have.
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B. Preparing the Bid Document

i,

v/ Request For Quotation: a document that introduces the package to the bidders and
instructs them how to qualify for further consideration. |

* RFQ Ciauses and Bid Requirements i
v/ Sample Purchase Order: a document that contains all commercial topics which govern

during execution of the purchase order.
* Purchase Order Clauses and Execution Requirements

v/ Bill of Material: a document that lists scope of supply which bidders post pricing on and

return for consideration.
* Quantity / Description / Catalog Number

v/ Technical Attachments

* Vendor Data Requirements / Specifications / Surveillance Check List / Engineering Data Sheets / Drawings

v/ Commercial Attachments’
* P6 Form - Terms & Conditions
* P10 Form - Hazardous & Toxic Substances
* P11 Form - Seiler's Representation & Certifications
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. Preparing the Bid Document

Purch rder CI

*Governing T&C's *Spare Parts

*Definitions *Acceptance

*Communications Equal Opportunity

*Technical Attachments Field Service

*Commercial Notes Cancellation

*Invoice Information U.S. Origin

*Shipping Instructions *Surveillance

*Schedule

* Denotes usage in Sample P.O.
#GMS-A-001 -

Master RFQ Clauses | .
*Governing Terms and Conditions
*Statement of Compliance

_*Communications . | N R / /
*Commercial Requirements N i
*Alternate Quotations

Reservation of Right : RS | .
Rl B . ) - ‘ ;'fl“

* Denotes usage in RFQ
#GMS-A-001
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B. Preparing the Bid Document

Pur rder Cl S
« Governing Terms and e Commercial Notes
Conditions - Pricing
e Definitions « Invoice Information
* = Owner - Number of Invoice Copies Required
- Buyer - Terms of Payment
- Seller - Order Completion Retention Provision
e Communications - Freight Terms
-~ Commercial - Taxes

- Technical » Shipping Instructions
- TDC -TO
-~ Invoice - Via

+ Technical Attachments
- Specifications

- Weight and Dimensions
- Packing and Marking

- Data Sheets » Schedule
~ Drawings
R r ion
» Governing Terms and o Commercial Requirements (Continued)
Conditions - Instructions - -

» Statement of Compliance
- Bid Exactly per Specification
- Bid per Spec. with Exceptions
o Communications
- Procurement
« Commercial Requirements
- Bid Close Date
~ Numbez of Bids

- Are Bids Sealed?
« Alternate Quotation ‘
~ Base Bid Required Per Specification
with Alternate Bid
e Reservation of Right
- Reserve the Right to Split and
Combine

Y- ™
] N ".;:‘t

« Spare Parts
- Quotation For 1 yr. Operations
» Acceptance
- Sign and Return
o Equal Opportunity
- Statement
» Field Service
- Mfg. Service, Start-up Assist.
» Cancellation
- Finalize Prior to Award
o U.S. Origin
-~ Mfg. in USA
o Surveillance
- l_evel and Plan
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C. Prepare for Bid Receipt

» Expedite Bids

» First contact with suppliers shortly after RFQ issuance.
v Confirm receipt of bid.
v Confirm bid close date.
v Facilitate clarifications.

e Second contact with suppliers up to one week prior to bid due date.

v Confirm bid close date.
v Facilitate clarifications with engineering. Prefer clarifications to be written.

» Bid Extensions

‘o If steps listed above are taken prior to RFQ issuance, extensions should not
be needed.
e As a norm, are Not granted.

» Are granted if all or a majority of the bidders request them.
NOTE: Refer to procurement practices and project procedure for specific project policy.

» RFQ Addendum
o A written method of advising bidders of a scope change that will - /: /

affect the bidding process and final product.
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D. Module Review Exgrcise

RFQ #GMS-A-001 for 10 chilled water pumps P-101 through P-110 has just been
received in procurement. The procurement strategy for this package is to

competitively bid to:

Chump's Pum'ps
Pump and Circumstance, Inc.
H.R. Pumps & Stuff

Answer the following ~questions:

1. Prior to formally receiving the RFQ in Procurement and issuing it to the
bidders what constitutes a complete RFQ  from engineering?

2. Why should you contact each bidder prior to package

issuance?
3. When should you expedite bid receipt? /‘ A

‘ o L
Tl
. “‘}4&5
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D. Module Review Exercise

Answers

1. A complete RFQ includes:
~ An engineering transmittal cover sheet complete with all approving signatures.
~ A list of the specifications and data sheets.
~ A bill of material listing P-101 through P-110. -

~ Engineering attachments including specs / dwgs / vendor data requirements /
- inspection check list

2. Make contacts to bidders to:
» Confirm they are interested in bidding this RFQ.
» Confirm address and bid close date.
~ Address any special features about the package and / or project.

3. Expedite bids:
» Within one week af‘cﬂ\?r RFQ issuance.
~ One week prior to bid due.
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MODULE 6
Bid Analysis and P.O. Award

Purpose: To provide an overview of the bid analysis
process with an emphasis on techniques to select the best
source of supply.

A. Bid Summary

B. Bid Analysis / Evaluation

C. Recommendation Through Award
D. Module Review Exercise
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A. Bid Summary

What is it? _
e A document used to summarize technical and commercial information from bidder
proposals.

What happens when the bids arrive?
« We perform an initial analysis to determine major errors or omissions and fax bidders
for this information.
e Procurement then provides engineering with a copy of the bid and the posting of
information begins:

Procurement Engineering
v Schedule v Compliance with Specifications
v Commercial Terms v Reconcile Technical Deviations
v Supplier Performance v Technical Value Awareness
v Logistics v Liaison Between Engineering Disciplines
v Supplier Added Value v Technical Qualification /: /
v Bid Clarifications v Quantities
v Control Bid Analysis . v Supplier Added Value

v Technical Bid Clarification
v Alternates
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B. Bid Analysis / Evaluation

Page 4

Listed below is a menu of key items which m‘ay be reviewed as part of a bid

analvsis.
(

» Material Cost

e Payment Terms
e Price Escalation
« Inland Freight

« Ocean Freight

s Qverseas Inland
Freight to Jobsite

e Air Freight

» Extended Warranty

» Document Charges

» Export Packaging
Charges

e Customs Clearance

» Spare Part Discounts

 Service Representative
Cost

Cost Factors

)

» Drawing Approval Cost
e Progress Payments

« Cost of Cash

» Engineering Data Cost

R TR LI | SR,

e Equipment Tag Cost

e Cutting Charges

e Drum / Reel / Cylinder
Deposits

« Reel Cover Charge

e Surplus / Restocking

 Import Duties

» Storage Cost

« Insurance Cost

o Expediting

¢ Inspection

o Taxes

*
A
emeerrm—
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Additional Factors

e Supplier Evaluation
Rating

e Incoterms

e Ship Point

» Estimated Shipping
Weight

» Estimated Shipping
Volume

» Required Ship Date

¢ Promised Ship Date

o Exceptions to
Specifications

o Exceptions to T&C's

» Drawing / Data Promise
Dates

e Project Schedule
¢ Local Service
» Quotation Validity

o Accept P.O. for
Partial Quantity

e Quotation "All or
None"

o Minimum Order '
Quantity

e Exchange Rates

» Fabrication in Transit

« Freight Equalization

¢ Client Directive
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B. Bid Analysis / Evaluation
(" Finalize )
Questions ||
and ‘%
)| Prepare i
Establish || Recom- |
. . Lowest mendation [;
Acceptable !
Establish f Bidder
( \ Competitive
Complete ’,
Commercial T
— and
ﬁ Technical
Receive [f| Analysis
— | Answers {
Document Di Etar-lgt ;
and Issue Istnbute i
Questions 1*
Evaluate for cl .?nd‘ P
Commercial arifications
s and
] Technical
Receive i i Compliance |
Quotation :
and

LT K S v

Distribute
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C. Recommendation Through Award

e Recommendation
v Procurement
v Engineering

(U iUl
071211997

v Joint
e Pre Award Meetings
v Strategy
v Agenda v Take Good Meeting Notes
v Participants v Action Item Responsibility

v Specific to Bidder v Agree on Path Forward

- @ Obtain Approval to Prodgedablish Closure Date
v Project
v Client
v Other
e Award Purchase Order

v Advise Successful Bidder |
v Issue Purchase Order ’
v Issue Regret Letters to Unsuccessful Bidders (
v Distribute and File s
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D. Module Review Exercise

ST, T s, . ML 831V 2 I O SRR AL BN I BN L AR O

In module five we developed an RFQ #GMS-A-001 for 10 pumps (P101 through P110) and
issued bids to three suppliers. The bids have been received and we are now ready to start the
"Bid / Analysis" process.

The RFQ and Sample Purchase Order call for the pumps to be furnished, fabricated, tested,
inspecte 1 and delivered in accordance with the specifications and data sheets.

The project is on a fast track schedule and all ten pumps are required at site no later than 13
weeks from tomorrow. You are planning on completing the bid analysis and personally
rushing the package through the approval process today. You will be issuing the purchase
order to the approved bidder tomorrow.

It should also be noted that vendor prints are required for approval four (4) weeks After
Receipt of Order and a two (2) week turnaround time is estimated by engineering. The
purchase of material, as well as release for fabrication shall only be upon
approval/review of vendor prints.
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== D. Modu e Reviey —xerc’'se

Your tasks for this exercise are:
1. Review information and make a recommendation for award ensuring that all technical
and commercial issues have been resolved to arrive at the best balanced choice.
2. Once the source of supply is selected, list some negotiation techniques that apply
to further project savings or added value with this bidder. '
Things to consider during the bid analysis process:
Iltem Spread on next page
Budget $85,000
RAS 13 weeks
I'ngineering to return drawings 2 weeks after receipt of drawings

In order to meet schedule, each bidder must rely on an overseas resource for four (4) pumps
(P105 - P108). The overseas resource will ship these pumps to a bidder who will mount the
motor on each pump base and then ship the pump assembly to the jobsite.

There is an incentive / penalty clause in the prime contract which relates to delivery. Having
agreed to RAS dates with the client, any schedules that can be compressed by a week or
more means a $2,500 bonus to FD. On the other hand, a penalty of $2,500 can be charged
to FD for each week of slippage.

7. The client requires an 18 months from purchase and 12 months from start-up warranty for all

equipment.

QhON =

o

8. Any extra inspection visits can be estimated at approximately $718 per visit.
9. Commercial Information:
) Churmp's Purmps Punp & Circumstance HR. Punps & Stuff

Performance Ratings 80% 91.3% 70%

Freight Costs .. ) $3,500.00 .$0.00 . 2,208.00
10| All threedyegers are technically ?@B&ﬁtﬁb e and the|cligpdprefers Pump fqumstance.

EmginegApgerecommends Pumnepe& Jircumstarjcensased|on lowest txid.10 N3o
Warranty 18/12 12 18/12 _
j _ /(/
' S



[ R PR

07/12/190

D. Module Review Exercise

Page &

Engineering Analysis & ltem Spread

Chump's Pumps

Pump & Circumstance

H.R. Pumps & Stuff

Item No. [Qty. | Description Unit Price Extension Unit Price Extenslon Unit Price Extension
1 1 Pump P101 $10,057.00 $12,277.00 $5,779 00 $7,468.00 $4,625.00 $6,445.00
Motor $2,220.00 $1,689.00 $1,820.00
2 1 Pump P102 $8,216.00 $10,436.00 $5,779.00 $7.,468.00 $4,625.00 $6,445.00
Motor $2,220.00 $1.689.00 $1,820.00
3 1 Pump P103 $8,218.00 $10,436.00 $5,779.00 $7.468.00 $4.,625.00 $6,445.00
Molor $2,220.00 $1,689.00 $1,820.00
4 1 Pump P104 $8,216.00 $10,436.00 $5.779.00 $7,468.00 $4.625.00 $6,445.00
Motor:. 7 ¢ $2,220.00 $1,689.00 $1,820.00
5 1 Pump P105 $8,216.00 $10,436.00 $5,779 00 $7.,468.00 $4,625.00 $6,445 00,
Motor $2,220.00 $1.689.00 $1.,820.00
& 1 Pump P106 $5,801.00 $9.,921.00 $4,347 00 $7,873 00 $4,550.00 $9,240.00
Motor $4,120.00 $3,526.00 $4,690.00
7 1 Pump P107 $4,628.00 $8,748.00 $4,347.00 $7,873.00 $4,550.00 $9,240.00
Motor $4,120.00 $3,526.00 $4,690.00
8 1 Pump P108 $4,628.00 $8,748.00 $4,347.00 $7.873.00 $4,550.00 $9,240.00
Maotor $4,120.00 $3,526.00 $4,690.00
9 1 Pump P109_ $4,628.00 $8,748.00 $4 . 347.00 $7.,873.00 $4.,550.00 $9.240.00
Motor $4,120.00 $3,526 00 $4,690.00
10 1 Pump P110 $4,628.00 $8,748 00 $4,347.00 $7.,873.00 $4,550.00 $9,240.00
Motor ) $4,120.00 $3,526.00 $4,680.00

Engn /Insp./ Documentation $0.00 $0.00 $1,125.00
Witness Testing $0.00 - $1.621.00 $1.860.00
Fotal Price ltems Quoted $98,934.00 $78,326.00 $81,410.00
Delivery - Draw ings (ARO) I wks 4 w ks 1wk
Delivery - Equipment (ARAD) 10-12 w ks 8 wks 6 -8 wks
{Est) Jobsite Arrival 1wk 1wk 1wk
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D. Module Review Exercise

Chump's Punps Punp & Circumstance HR Punps & Stuff
Total Price ltems Quoted $98,934.00 $78,326.00 $81,410.00
Freight Costs $3,500.00 $0.00 $2,208.00
Terms of Payment ™" $0.00 $0.00 ($407.05)
Warranty $0.00 $500.00 $0.00
RAS incentives/penalties (13 weeks)| $12,500.00 $5,000.00 ($2,500.00)
Total Cost $114,934.00 $83,826.00

Strategies / Negotiation

Performance Incentives for Supplier?

Traffic? P> /‘

Surveillance?

Payment Terms?
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MODULE 7
Purchase Order Administration

Purpose: To provide an overview of the buyer's
responsibilities for executing a purchase order

Change Orders
Material Safety Data Sheets

Handling Invoices
Surplus Material - Procurement's Responsibility
Backcharges

Measurement of Supplier Performance

File Set Up, Maintenance, Close-out & Retention
Module Review Exercise
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A. Change Orders

A change order is normally required to a Purchase Order when one of the
following circumstances occur:

~ Any changes in price

~ Revising or changing commercial terms

~ Correcting a pricing error

- Revising a tag number

- Whenever added or decreased expenditures are required (i.e. increase
or decrease of quantity of material)

~ Any technical change (i.e. change in specification)
~ Any changes in schedule dates (i.e. shipping date)
- Whenever part or all of an order is canceled

~ To cancel and reissue a Purchase Order

~ Whenever Surpluses are accepted

Note: Refer to Fluor Daniel Procurement Practice 00 1000,
pages 4 - 16, for examples of how to write ch@ige orders
for the above conditions.

N
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| B. Material Safety Data Sheets

Successful bidders on all purchases destined for U.S. jabsites
must complete a U.S. Department of Labor form OSHA-20,
Material Safety Data Sheet (MSDS) or equivalent. Otherwise
they must submit a disclaimer statement certifying that the
material is not a hazardous or toxic substance as defined by
federal regulation.

The buyer is responsible for distributing completed MSDS, or
equivalent, and executed disclaimer statements as follows:

A. Copy for the Purchase Order file
B. Original and one copy to the field construction manager at
the jobsite
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C. Handllng Invoices

T TR WA I o) 1

Buyers may be asked to assist in the processing of invoices. If an invoice is
addressed to a buyer, forward it to the appropriate Accounts Payable group.
. Assistance may be required for the following reasons:

~ Verification of a progress payment application (i.e. Have submittal

drawings been received. The applicable engineer and document
control should verify all receipt of drawings.)

~ If there is a discrepancy between what is stated in the Purchase Order
and what is stated in the seller's invoice (1.e. payment terms).

~ Verification for final payment. (i.e. has all documentation been received;
are all materials / equipment received at site; is all change order work
complete; are backcharges deficiencies, surplus material problems
resolved?)

Note: The decision to issue a change order will be in
accordance with the project procurement procedure.

~ A copy of all documentation justifying any decisions

| ¥ .
by the buyer must be maintained in the Purchase e
Order file. | .
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D. Surplus Material - Procurement's
Responsibility

Project management must determine what is surplus material. Ensure that you receive an
approved documented inventory list. |

e What is procurement's role in disposing of surplus material?
Determine who and at what price the material will be liquidated / returned.

e Five common ways to dispose of surplus material:
1. Retain and hand over to client (cost plus vs lump sum).
2. Offer to other Fluor Daniel projects.
3. Return to Seller (stress importance of buy back clauses, return authorization
numbers, etc.)
4. Sell to general public, surplus dealers, employees.
5. Donate to charitable causes. |
» Remember that if no buy back clauses have been included, restocking charges are
subject to your best negotiations.
e If it is a project caused surplus due to over ordering, a change order should be
issued to finalize the value of the purchase. This could mean the

issuance of a credit if the Purchase Order has been closed.
o If it is a Seller caused surplus, the Seller must take the surplus back with /
no restocking charge including all applicable freight charges (in and
out).

]
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E. Backcharges

What are backcharges?

Webster defines it as... undefined. The term is unique to our industry. Itis more commonly callec
"claims". Our practices define backcharges as a means for recovering cost from sellers, freight
carriers and / or insurance carriers that result when equipment or material arrive in a defective
condition, or is unsuitable due to seller error or transportation damage.

What is Procurement's role in the handling of backcharges?
~ Procurement has the lead role in handling claims, from notification of the proper party, to
collection of documentation, to resolution of the claim.

Procedure:
1. Immediately notify the seller and the carrier of any visual damages or defects. Take

photographs or video if at all possible.
2. Discuss with the project the timing / technical resources required for corrective action.
Offer the responsible party the opportunity to correct the problem but define
the time frame for the fix.
3. Obtain written documentation on the agreed upon solution.
4. If Fluor Daniel is to make the repair, ensure that you have accurate time
sheets and material invoices to document your claim. No profit / /
is to be added to Filuor Daniel's work but applicable burdens / ‘
indirects are appropriate.
5. Don't let it drag out too long as time hazes everything!
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" £. Measurement of*Supplier Performance

Why evaluate suppliers?

. To collect performance data

. Give us a performance check

. Provide supplier with ways to improve
Show clients we deal with top performers
Aid in selection of bidders lists

Justify award recommendations

O ;AL

Procedure: Supplier evaluations shall be done on ALL purchase orders with values of $50,0(
or more

Working Tips

1. Initiate the form as part of the work process when the order is issued. By doing this
the engineer should be filling out the form during the life of the order
as opposed to when the job is near completion. If this process is

put off until-the. end of the job, the engineer may be gone or fail
to remember the specifics. P /
2. Hold a brief meeting if it is a new project with new personnel.
Build value for the data by showing them where their
feedback goes. Get project management involved for

the needed support to make the program a success.
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G. File Set Up, Maintenance,
Close-Out and Retention

File set up:

Although not required for every order, file tabs are recommended
for all orders which are custom orders or subject to change. |
Maintenance of files is also handled easily when the tabs are used
because filing is per the tab title. Ensure that filing is done

chronologically to ease in data collection for claim resolution or
audit response.

Page 9

o Close-out of files:

Utilizing the checklist found in Practices will ensure close-out of
purchase orders are handled effectively.
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H. Module Review Exercise
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True or False

____ A Change Order should be written for a supplier name change.
___Abuyer should process invoices instead of Accounting.

It is not necessary to contact the seller on backcharge issues.

____The buyer should wait until the end of the project to process
backcharges.

____Supplier evaluations should be done for orders greater than
or equal to $50,000.00.
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H. Module Review Exercise

Answers

True or False
L A Change Order should be written for a supplier name change.
E_A buyer should process invoices instead of Accounting.

[ _ltis not necessary to contact the seller on backcharge issues.

_F_The buyer should wait until the end of the project to process
backcharges.

Supplier evaluations should be done for orders greater than
T or equal to $50,000.00. |

i
i
fafled !
iz
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MODULE EIGHT

Expediting




101 Module 8 Page 2
07/12/199¢

MODULE 8
Expediting

Purpose: To provide a general understanding of basic
expediting practices with an emphasis on:

Expediting
Levels
Summary Level Work Process Flow Chart
Work Process Definitions
Execution

Module Review Exercise

nmoowxz
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A. Expediting

What is it?
Expediting is a process by which we monitor the status of schedule dates from the seller :
promised in thePurchase Order and exert all efforts to support that schedule.

Why expedite?
To ensure that all material requirements are received at the jobsite on time and in good
condition.

What are the key elements of effective expediting?
o Persistence
o Well written orders
e Communication ..
« Understand the Suppllers order entry process
« Order entry & manufacturing process

o Read and understand the order
» Maintain good notes & records
e Teamwork

e Reporting

Do all orders get the same amount of attention?
No, see section B. Levels
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B. Levels of Expediting

Page 4

erares

A - Major Equipment Systems

B - Equipment

C - instruments

D - Bulk Material

Criteria

Expediting Required

Plan

ong Lead
Equipment complexity
Equipment criticality to Plant Process & Start Up
Schedule

Supplher experience
Sub-supplier involvement

Phone
Physical

Weekly phone / fax

Monitor progress against supplier production program
Expedile sub-suppliers

Coordinate physical visits

Vernfy completion of material & fabrication milestones
Autherize progress payments for milesione completion

May require pro-active acceleration discussions

ETA within 4 weeks

Phone
Physical (if required)

Bi-weekly phone / fax

Monitor progress against supplier production program
Expedite sub-suppiiers

Coordinate physical visits

Verify completion of materfal & fabrication milestones

Authorize progress payments for milestone compietion

ETA over 4 weeks
Less critical

Phone

Monthly phone / fax

Stock 1o 2 week deliveries

Phone

Phone / fax at initial order

Phone / fax by exception

[T U ICT LN ER PR PR ST S A
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P

Do levels of expediting change for particular orders over

time?

Yes - Typically "A" levels turn into "B" levels with the
progression of the order. Contacts are changed from
weekly to bi-weekly.

T T S 1Y TP U NI A I AT
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" 3. Summary Leve® Work Process

- This summary level chart introduces key steps of the Expediting work
process for this overview. Detailed flow charts exist in Folio to assist in

daily activities.

Subsequent Contacts with the Supplier

| ( \? IS A - wi s N [ “qﬂ — ﬁw r
Receipt & f Create | “ Initial | Vendor | Return | ‘
Review of ! Working | Supplier | Data Vend : Sho ! .
i . : ; Re ! endor | P . ;
Order | File : Contact | mg‘r‘:'t':‘ i Data F Expediting Surveillance Traffic |
i ; ; ] ; |
\ i l i ’
? } j j | , |
SN ) Nt | — _i) R a—, | B NS— — )) N— ;
’
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D. Work Process Definitions

Receipt &
Review of

v Receive: each order should include
» Purchase Order
» Bill of Material (BOM)
» Vendor Data Requirement Sheet (VDR)
» Inspection Check List
v Review:
» Schedule
» Drawing Submittals Required
» Authorization of Material Purchase
» ARO After Receipt of Order
> ARD After Return of Drawings
» Payment Terms vs. Milestone Activity
» Special Handling
» Special Storage
» Logistics
» Surveillance
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D. Work Process Definitions

Create
Working

File

e Create Working File
v Purchase Orders
v Zhange Orders
v Correspondence
v Document Transmittals
v Reports
» Shop Expediting
» Surveillance
v Shipping Notice
v Field Receiving Reports (FRR)
v Overage, Shortage and Damage Reports (OS&D)

.

." .7»54
B
W

£.
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D. Work Process Definitions

Initial

Supplier
Contact

A« oot A SR
e Initial Supplier Contact
v Introduction |
» Exchange Chain of Commands
Engineering
Customer service
Production Supervisor
Project Manager
v Order Entry
» Review Purchase Order Requirements
» Confirm Supplier receipt of P.O.
» Request status of signed Purchase Acknowledgment
» Confirm that Oider Entry is complete at Supplier facility
v Important Facts to Discuss with Supplier
» Determine engineering & fabrication facility location
Shop capacity
» Confirm surveillance requirements
» Confirm labor posture
Contract expiration
Potential strikes
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D. Work Process Definitions

Initial
Supplier
Contact

]

|
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e Initial Supplier Contact (CONTINUED)
v Important Facts to:DPiscuss with Supplier (continued)

» Determine material status
Stock items
Buy out items
Long lead items

» Establish regular reporting time frames and criteria
Status of material... if not in stock, date due in
Status of manufacturing... milestone activities with start & end dates
Inspection schedule... number of inspections and tentative schedule
Special packaging... what is required and how much time to execute

Ship schedule... reconfirm ship dates
» Review invoicing and shipping information | / /
» For major sub-vendors, obtain a copy of all (unpriced) purchase |
orders .




Ul Iviouule o ) Page 1C

D. Work Process Definitions

~

Vendor
Data
Require-
ments

e Vendor Data Requirements - One of the most difficult processes to organize and maintain. Documents

are expedited by Procurement Expediters and / or Technical Document Control (TDC).
v Pre-Award (Buyer) ,

» Spend time identifying and agreeing on what data is required and how the
Supplier will submit.

» Amend the VDR (Vendor Data Requirements) sheet to reflect agreed
submittal requirements.

» Negotiate progress payments based on drawing submittals.
» Think about how to handle final data.

» Request standard documents from the Supplier rather than special
engineered drawings.

» Request certified drawings on standard equipment instead of review drawing
v Post Award (Expediter) 4

» Contact Supplier and reconfirm vendor document requirements and schedule

» Advise the responsible buyer when there is conflicting status.

» Expedite and report.status until documents arrive.

» Due to many partial issues of documentation, a project must agree that
milestone actual dates are satisfied when the following question is
answered with a "yes":

Does the information received allow engineering to further its design? / g

Priieg
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D. Work Process Definitions

Vendor
Data
Require-
ments

e Vendor Data Requirements (CONTINUED)

v External Expediting
» Obtain current status from suppliers.
» Advise Suppliers of internal document review status.

v Internal Expediting
» Verify receipt of documents in TDC (Technical Document Control).
» Monitor squad check review.
» Confirm return issue of documents to supplier.
» Document review status codes:

A Proceed

B Proceed as Noted - incorporate comments on certified drawings
C Do Not Proceed - resubmit for review

D

Information-Only - acknowledge receipt
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D. Work Process Definitions

Subsequent Supplier Contacts

e Subsequent Supplier Contacts

v Ma:ntenance calls with Suppliers to obtain current status in all areas of the schedule:
» Drawings
» Material purchase
» Fabrication

v Fabrication Process
» Learn each step of the fabrication process.
» Record status as steps are completed.
» Review the relationship between duration of fabrication steps and overall schedule.
» Recognize plant shutdowns and confirm that these were accounted for up front.
» Ask about potential bottle necks.

» Determine the Supplier's critical milestone dates. (i.e. Drawings need to be /
returned by a certain date in order to meet the fabrication window.
In the event of a change, does the change impact normal
fabrication?)

P

r'.
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D. Work Process Definitions

Shop

Expediting Surveillance Traffic

AT AT RN M ey T T o e

Shop Expediting
v Physical visits to the Supplier's shop to identify problems maintaining schedule.
v Physical visit to the Supplier's shop to assist in accelerating schedule
» Local surveillance service
» Project personnel (i.e. PPM, Project Engineer, Project Manager, Client) .
e Surveillance (refer to module 9)
v Level of criticality determined during surveillance planning

» Surveillance Coordinator receives a copy of the Purchase Order and generates the
assignment shieet.

» Communicates status to Expediter via report and / or phone call.
e Traffic Coordination (refer to module 10)
v Two weeks notification priorto shipment.
v Weights and dimensions required
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E. Expediting Execution

Expediting Approaches to Schedule Impacts:

e Schedule Delay - fabrication and / or shipping current promise dates exceed original promise schedule.
v Cause for delay ‘
v Seller corrective action
v Fluor Daniel assistance with sub-suppliers
v Alternate sources of material supply
v Extra shifts and overtime
v Shop priority for Fluor Daniel work

e Accelerate Schedule - due to project change, may need one order or an entire area of orders earlier
v Shop sequence
v Extra shifts and overtime

v P -emium / Penalty
v Fluor Daniel assistance with sub-suppliers
e Changes in Scope - design changes can happen at any time
v Percentage complete
v Cost and schedule impact
e Supplier and Sub-supplier non performance - punch list items after inspection ignored
v Fluor Daniel to fix in the field and backcharge the Supplier
v Supplier to fix in the field

v Return equipment to the Supplier for correction '
e Strikes and company closures - be creative / /
e Shutdowns

v Project - planned time frame for construction to do tie-ins to existing lines

v Supplier - planned vacation period usually summer and Christmas holidays
Note: Europeai: conipanies often close for an entire month
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D. Module RevieW Exercise

As mentioned in previous:modules, 10 Chilled Water Pumps have been purchased (P101
through P110). '

i

Use tne following criteria to discuss resolutions:
e P105 through P108 will be manufactured and shipped from Sweden.
» The original order showed all pumps shipping on the same date.

e Vendor data was submitted at the same time but P101 through P104 had an

engineering hold due to a change in motor size during the review cycle and was
returned one month later than the balance.

» Required at site dates remain the same per Construction.

Questions:

1. Because P105 through P108 are shipping from Sweden, they will not have the safne

ETA dates as the other pumps. In order to meet the RAS dates, what action can
be taken?

2. How can RAS dates be met for P101 through P104 which were /
released one month later than the other pumps? /
3. What is required administratively as a result of #2 above. P’
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D. Module Review Exerciise
Answers

1. This should have been addressed during the Purchase Order award stage. However...
A. By expediting closely with the Supplier, earlier ship dates may be achievable.
B. Coordinate efforts with surveillance and traffic to reduce potential delays.
C. Air freight entire pump or just the pump base to support construction activities.

2. Meeting RAS Dates

A. While the pumps were on hold, it should have been communicated to the Supplier the
reason for the hold and determine the degree of risk to only fab release the pumps.

Confirm with the Supplier that the shop window is still achievable and if any fabrication
time can be reduced by using additional shifts.

Ship the pump base only or the pumps without motors and assemble in the field.
|dentify a better traffic route than LTL (less than truck load).

Fluor Daniel can assist the Supplier in expediting sub-suppliers or
locating alternate sources of material.

3. A change order should be generated.

moo W

Main Point: executing the order gets more detailed than placing
the order and reporting status becomes extremely important!




Page 1

oG ) il I

07/12/199¢

P101
MODULE NINE

llance / Inspection




UL vioUUIE Y © Page 2
07/12/199"

MODULE 9
Survelllance / Inspectlon

Purpose: To prowde a general understanding of basic
Surveillance and Inspection practices with an emphasis on:

Surveillance / Inspection
Levels of Survelllance
Network

Execution |
Module Review Exercise -

mooOwx»
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A. Surveillance vs Inspection

TR T R WS NI o AL

Surveillance: The monitoring of the supplier quality and inspection program.
Inspection: The physical inspection of material / equipment conformity to quality
standards.

Reasons for performing surveillance or inspection:
e Put the responsibility of the performance totally on the supplier
 Improve supplier quality performance
o Improve supplier relations
« Reduce inspection efforts and related costs

These services should begin during the front end planning phase and development of the
project equipment list. _

The project team which includes engineering, procurement, construction and
the client decide which packages will require surveillance or inspection.

The procurement practices identifies language required for the different /c A

criticality ratings which need to be in the Sample P.O. and P.O. clauses.
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B. Levels of Surveillance

4 Criticali ) (" R X . )
Criticality_ ) Supplier Experience Rating
Equiiﬁgcuﬂ&racteristics :
Design Process Complexity (1-4) i .
Design Maturity (1-4) ! S . | 1 emd  No Experience
Manufacturing Complexity (1-4) [ i - . :
Service Characteristics Jiw uspuprl\;g'illg ggelty 2 L Minimal Experience
Operating (1-4) ! i i
Personnel Safety (1-4) ; ASSi nment 3 s Previous Experience
Financial Consequences {1-4) ' ' t g t_ 4 Extensive Experience
| nsiructions =)
1 2 3 4 |
6-10 11-15 16-20 21-24 g )
— e =p Comprehensive - »

Standard

=D
Reduced

Limited
S

The level of surveillance . _ _ : y
required for a given Supplier Quality Rating |
CommOdity IS determ|ned by Ptilrcg.l':lsbe ICJéder tlgvall\tjlations entergg .
aver: ging the results of the (3) 2n excellont means for evaluating |
rating processes described on previous supplier performance. ;
this page. ggﬁ_‘stzéaat'iggs are based on a 100 i
12 3 s |

<60% 60-89% 90-99% 100% :
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C. Network

Each project is assigned a Project Surveillance Coordlnator (PSC) who supports efforts durin
the planning and execution phases.

The PSC works with the PPM to develop a Project Surveillance Plan. The following element:
make up this plan:

o Assignment Instructions
e Alignment Meetings
o Supplier Quality Surveillance System (SQSS)
~ Nonconformance Tracking
» Supplier Quality Reporting System (SQRS)
. » Surveillance Reports
» Nonconformance Reports
» Release Reports
» Measurement of Supplier Performance
o Assignment Close-out
e Supplier Surveys
o Supplier Quality Program Evaluation (SQPE) ,
Assignments are made and coordinated with the local, state or country /‘ /
inspector (see attached map). For countries where there is no Fluor
Daniel representative, the PSC will contact the responsible FD office ‘
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C. Network - International Resources

105 Permanent Personnel
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D. Execution

L

121 Days AR

Py iy

Engineering
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E. Module Review EXxercise

As mentioned in previous modules, 10 chilled water pumps have been
purchased (P101 through P110).

- Use the following criteria to discuss resolutions:
~ P105 through P108 are being manufactured and shipped from Sweden.
- Assertive expediting has maintained schedule for all pumps.
~ The criticality ratings are :
P101 to P104 and P109 to P110 Level 3
P105 to P108- Level 2
~ Surveillance is complete and all pumps are ready for final inspection.

~ All pumps pass final inspection except P109 and P110 (pump base
problem).

Questions:

1. How many a33|gnment sheets will need to be prepared by
the PSC? & /

2. What is the course of events for P109 and P1107?
(inspector / project)
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E. Module ReviewExercise

tAnswers

1. Two assignment sheets - (two manufacturlng locations) requires one for
each inspector. -
2. Course of Events -
e Inspector issues supplier a non-conformance report (NCR).
e Inspector notifies the PSC before leaving the shop and informs him /
her of the pumps' status.
e PSC arranges a conference call with the project and determines
severity of the situation.
e A decision needs to be made by the project whether to:

~ Ship to meet schedule and supplier fix in the field
~ Ship to meet schedule and field fix with backcharge /‘
~ Do not ship and supplier fix in shop with re-inspection &
- Acknowledge NCR and accept "as is" P

- o Inspector closes out NCR which documents resolution. e
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MODULE 10
Traffic

Purpose: To provide a general introduction to traffic with an
emphasis on:

A. Traffic & Logistics

B. Shipping Terms

C. Execution

D. Module Review Exercise
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A. Traffic and Logistics

What is traffic and Logistics?
It is a way to route articles from shipping point to final destination.

What is a logistics plan?
A strategy and procedure for routing all types of shipments on a project. It identifies
shipments for priority and special handling.

Do all projects need a logistics plan?
Yes. The degree of detail and complexity depends on the project (i.e. domestic vs abroad)

Why do we offer a traffic service?
To add value to the project, reduce cost of freight, increase accountability and maintain higl
quality.

Does each project require a traffic specialist?

No. The traffic and logistics specialist is available to support during logistics
planning and answer all questions related to special situations.

Who does the routing of shipments?
The risponsible buyer / expediter on routine loads. The traffic
specialist when requested.
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B. Shipping Terms and Terminology

Standard Freight Terms on a Purchase Order:

- \

Freight Title
Term Description Respon. Transfer
FOB Jobsite Free Onboard to Jobsite Seller Final Destination
Shipping Pt Shipping Point Buyer Shipping Pt
Shipping PtYPPA  Shipping Point / Prepay & Add to Invoice Buyer Shipping Pt
Shipping PT/FFA  Shipping Point / Full Freight Allowed Seller Shipping Pt

T T L e T R MR S T T T Ty R W o ol L Py Y T T A N T T T e BT T TS VI L Y kN T T T e e T T T AR A ))'

Wh'ch feigt erms are most desired: I

Clients request FOB Jobsite because it puts sole responsibility of shipment on the Seller
including damage claims. What they don't realize, is how much markup the seller puts
on freight in the purchase order.

Fluor Daniel prefers Shipping Point with Third Party Billing. This way we can route the

shipment the best, fastest and cheapest way as well as manage the payments of

freight invoices. - A lot of money can be saved on the project by reducing freight costs
as well as minimizing any damage claims.

What are Incoterms?

Global shipping terms understood by all countries for shipments abroad. > /‘
These terms address all aspects of foreign cargo, responsibility of the .
#

steps necessary to move the cargo as well as cost (refer to chart).
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Shipping Terms and Terminolo
Responsibility & FAS FOB US Port CIF CIP DEG
Ef,arge,. Free Free CFR Cost CPT Carriage DAF DES Delivered Dbhu -DDP
EXW FCA Alongside Onboard Cost & Insurance Carnage Insurance Delivery at Delivered Ex Quai Delivered Delivered
Service' Ex Works Free Carrier Ship Vessel Freight Freight Paid To Paid To Fronter Ex Ship Duty Paid Duty Unpaid Dulty Paic
Warehouse Storage at
Point of Ongin SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER
Warehouse Labor
Charge at Paint of Origin SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER
Export Packing SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER
Loading at Point of
rigin BUYER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER
Inland Frelght BUYER BUYER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER
Port Receiving Charges BUYER BUYER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER
Forwarders Fee BUYER BUYER SELLER SELLER SELLER SELLER SELLER SELLER' SELLER SELLER SELLER SELLER SELLER
Loading on Ocean
arrier BUYER BUYER BUYER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER
Ocean / Air Freight BUYER BUYER BUYER BUYER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER SELLER
Charges in Foreign
Port / Alrport BUYER BUYER BUYER BUYER BUYER BUYER SELLER SELLER SELLER BUYER SELLER SELLER SELLER
Customs Duties and .
Taxes Abroad BUYER BUYER BUYER BUYER BUYER BUYER BUYER BUYER BUYER BUYER SELLER BUYER SELLER
Delivery Charges to
Final shnmhn BUYER BUYER BUYER BUYER BUYER BUYER BUYER BUYER

L

e e

BUYER

BUYER

SELLER

SELLER

it



U IVIRULE (U : ’ Page €

C. Execution

‘What must a person be familiar with to route cargo?
e The purchase order and supplier
e The schedule and fabrication location / process
e The local carriers
» The shipping terms and terminology
e The use of Service Guides |
e The identification and handling of hazardous materials
e The import / export (customs & tariffs) process
e The processing of oversized loads & special insurance

What are the different typés of transportation services?

)

" Carrier Description Method ﬂ@
UPS United Parcel Service Truck or ;
AlF Air Freight Plane / /
LTL ' Less Than Truck Load  Plane
Exclusive Dedicated Truck Truck P
R/R Rail Road Truck P
Ocean Ocean Train a4

Ship

A e FE R T A AT S D PIITY T S TSI ST R DI T T D e P DT RTINS LT R R RN AT T i g T
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D. Module Review Exercise
The 10 chilled water pumps (P101 through P110 are ready to ship.

Use the following crltena to answer the questions below

e P101 through P104 & P109 to P110 are shipping from Michigan to the
jobsite in Salt Lake City, Utah with P.O. freight terms Shipping
Point.

e F105 through P108 are shipping from Sweden to Salt Lake City, Utah
with P.O. freight terms FOB U.S. Port

e At delivery, the carrier door was opened and P101 was found damaged.
Questions:
1. What are the traffic steps to move pumps P101 - P104, P109, P110 to
jobsite?
2. For pumps shipping from Sweden, what does FOB U.S. Pori
mean?

3. What incoterm best describes total responSIblllty of the lle
from Sweden to Utah? ¥
4. What steps need to be taken for the damaged P101 p: pump?
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D. Module Review Exercise

Answers

1. The traffic steps required to move pumps from Michigan to Utah are:
e Ship:

v Review schedule to determine if LTL or exclusive truck is required.

v Obtain weights and dimensions

v Use service guide to identify carrier of choice (FD has contractual agreements with
some carriers; consult traffic coordinator)
Confirm number of distribution points and if cargo is transported to different trucks
Confirm if single carrier shipment or transfer between carriers

v Issue "shipping notice to proceed papers" to carrier

v Confirm freight billing information is correct

v Coordinate carrier pick-up of cargo

e Track:
v Confirm cargo pick-up ‘
v Obtain pro number, trailer number and ETA of shipment /
v Check with dispatch regularly to determine progression of shipment /
v Confirm receipt and shipment condition with site receiving g
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D. Module Review Exercise

Answers

2. FOB U.S. Port means that seller is responsible for all activities to get the cargo loaded
onto the ship. As soon as the shipment is loaded, the buyer takes responsibility of the

freight, foreign port charges, customs / duties / taxes and delivery charges to final
destination.

3. The incoterm that best describes total seller responsibility is DDP. Delivered Duty Paid.
4. P101 Damaged pump steps:

v Take a picture of the pump while in the truck

v Datermine whether to unload

v Mark "Damaged" on the bill of lading as well as the packing list

v Initiate and finalize damage claim with carrier
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MODULE 11
Warehousing

Purpose: To outline the responsibilities of warehousing.

Receilving

Checking

Storing

Protecting

Issuing

Reporting

. Maintaining Records
Module Review Exercise

IETMUO®
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A. Receiving

That function of a warehouse organization that initially receives all materials,
equipment, tools, and supplies onto a project. Receiving then directs these items to
the location where they will be checked, stored and/or used. This ensures that they
are properly unloaded and in the quantlty and condition described on the delivery

documents. .

""he warehouse should be the first stop for everything coming onto the project. All
equipment, materials, tools, and supplies should be routed through the warehouse
receiving section so that each shipment can be duly recorded and directed to where i
sould go. This not only includes materials and equipment that will be off loaded at
the warehouse but also supplies for the office, rental equipment, tools, shipments for

contractors, etc.

What are the benefits of the Receiving function?
e CONTROL
e QUANTITY / QUALITY CHECK |
« RECORD | P
e FIRST STOP FOR EVERYTHING

SHORTAGE, DAMAGE 7
STORAGE LOCATION e
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B. Checking

The act of counting and inspecting the materials, equipment, tools and
supplies received on a project. Checking ensures that all items are as
ordered per the purchase order, and are in the condition and quantity
described in the shippers documents.

Always verify the following:
v Discrepancies
v Documents
v Holding Area
v Double Check
v Assistance
v O S & D Report
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C. Storing

The placing of materials not yet required by the project in a designated storage location where
they can be easily located and identified at a later date.

The following are key factors when storing
v Security
v Space Restrictions - limited laydown
v Maintenance - rotating equipment
v Climate Control
v Accessibility

F

- STORAGE LEVELS

e Level A: Dust free and humidity controlled environment

e Level B:  Inside, temperature controlled storage |

e Level C: Inside storage with protection from rain, snow etc. but does not require heat
e Level D: Outside storage, gravel covered with good drainage
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D. Protecting

The safeguarding of stored materials, equipment, tools and supplies so
as to protect them from damage, theft and misuse until they are
required by construction personnel.

The following items should be considered in regards to protection:
v Creativity
v Protect Openings
~ v Common Sense::
v Maintenance
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°7”2"995.E. Issuing

The act of transferring materials, equipment, tools and supplies from
the warehouse to construction contractors or Client designated

personnel.

Tt e following are key factors related to issuing:
Work Packages/Work Breakdown Structures
Contract Obligations
Bill of Materials by Subcontractor or Work Package
Scheduling of Issue Dates Based Upon Mobilization Dates
Warehouse Manpower and Equipment Availability
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F. Reporting

roviding information in hard copy and / or via computer concerning the
eceipt, issue, condition, status, and other activities of the materials,
quipment, tools and supplies handled by the warehouse.

eports are issued to:
Project Management

e Cost and Scheduling
Superintendents
Accounting |
Subcontractors
Procurement
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G. Maintaining Records

The recording of detailed information concerning the activities of

the materials, equipment, tools, and supplies handled by the
warehouse.

Including but not limited to:

e A complete history of material requirements

o Average purchase costs for all items
Complete supplier listing
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H. Module Review Exercise

The 10 chilled water pumps (P101 through P110) are at the warehouse and
ready for receipt.

\

Use the following criteria and discuss:
e Disposition of damaged pump P101 identified in the previous Traffic

Module
o All other pumps seem to be okay

Questions: |
1. What happens to pump P101 while the damage claim is proceeding?

2. What are the steps to receive all pumps?

3. How does receiving affect payment of the pumps?

4. How important is the warehouse to the material control
efforts? -
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H. Module Review Exercise

Answers

. Damaged pump P101 is set aside with a "Hold / Damage" tag on it until repair is
resolved.

2. Steps to receiving puhps:
e Pull purchase order and compare packing list for conformity

» Prepare field receiving report "FRR" for all pumps and one overage, shortage
damage "OS&D" report for P101

e Store pumps in designated location until ready for use (maintenance may be
required on the pumps if storage is for a long period of time)

3. The "FRR" is Fluor Daniel's official document that supports payments. It
documents that material has been received and describes its condition. Thus,
one FRR is issued for all pumps and an OS&D noted on P101.
Payment can procéed on all pumps but P101 which is pending
OS&D resolutlon which states repalr or replacement. If the OS&D
is dispositioned, "carrier charge" then payment is made to the
pump supplier.

4. The warehouse and its staff are the key focus for material
control. They receive maintain and issue "all" material.
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MODULE 12
Field Procurement

Purpose: To outline the responSIbllltles of field
procurement with an emphasis on:

A. Purchasing in the Field

B. Planning for Field Procurement
C. Challenges in the Field

D. Module Review Exercise
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MODULE 12
Field Procurement

Purpose: To outline the responsibilities of field
procurement with an emphasis on:

A. Purchasing in the Field
B. Planning for Field Procurement
C. Challenges in the Field

D. Module Review Exercise
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A. Purchasing in the Field

‘What is Field Procurement?
It is a way of procuring goods and services at the jobsite close to both construction needs and local
suppliers.

When does Field Procurement start?
It depends on what type of project:

e EPC Procurement begins in the home office, transfers to the field and completes.

« EPCM Procurement begins in the home office, transfers to the field and completes.

o C 1. Procurement begins in the home office of another design engineering firm,
transfers to the field and completes.

2. Procurement begins in the field at the time of construction.

What is the normal scope of field procurement?
Normelly, scope includes bulks, wrap up of engineered equipment and instrumentation.

Is field purchasing always "emergency" buying?

No. "Emergency" buying costs money and the culture of "buying fast" should be

"buying smart” which requires proper planning to reduce cost. If "buying smart” is

implemented, then true emergencies (i.e. shut downs etc.) can be addressed at the

time of occurrence. & /

Is everything purchased with a purchase order?
No. Petty cash is available for small purchases and same day pick up.
(refer to Procurement Practices)

P
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A. Purchasing in the Field

What is Fieild Procurement? _
It is a way of procuring goods and services at the jobsite close to both construction needs and local

suppliers.

When does Field Procurement start?

It depends on what type of project:
o EPC Procurement begins in the home office, transfers to the field and completes

e E°CM Procurement begins in the home office, transfers to the field and completes.

o C 1. Procurement begins in the home office of another design engineering firm,
transfers to the field and completes.

2. Procurement begins in the field at the time of construction.

What is the normal scope of field procurement?
Normally, scope includes bulks, wrap up of engineered equipment and instrumentation.

Is field purchasing always "emergency” buying?
No. "Emergency" buying costs money and the culture of "buying fast" should be
"buying smart" which requires proper planning to reduce cost. If "buying smart" is
implemented, then true emergencies (i.e. shut downs etc.) can be addressed at the
time of occurrence. / /

Is everything purchased with a purchase order?
No. Petty cash is available for small purchases and same day pick up.

(refer to Procurement Practices)
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B. Planning for Field Procurement

In the taskforce / home office environment, planning for the purchase of construction materials should
begin early. (refer to Module 1)
e EPC
Determine strategy for what is to be purchased early
Determine engineering support for material take offs
Establish local blanket orders prior to relocating to the field
Take advantage of the contractual Fluor Daniel key supplier agreements
Prepare for receipt of material
Implement "just in time” ordering and receiving
e EPCM

Same steps as above except determine what will be purchased by Fluor Daniel and what will be
purchased by contractors

Complete a Material Responsibility Matrix for each contract package
Determine if handling of material in the field will be by contractor or Fluor Daniel
e Construction

Option 1 Same steps as EPC if able to participate in the "other than FD" engineering firm's early
phases

Option 2 Begin with Module 1 and prepare for purchasing in the field

| Use Modules 2 - 12 as a guideline for all aspects of the construction phase
Factors to consider: Less time to establish effective blanket orders /:/

Shorter schedule to obtain materials

Material more costly due to short lead times
(stocking fees)

Greater levels of surplus
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B. Planning for Field Procurement

In the taskforce / home office environment, planning for the purchase of construction materials should
begin early. (refer to Module 1)

e EPC
Determine strategy for what is to be purchased early
Determine engineering support for material take offs
Establish local blanket orders prior to relocating to the field
Take advantage of the contractual Fluor Daniel key supplier agreements
Prepare for receipt of material
Implement "just in time" ordering and receiving
e EPCM

Same steps as above except determine what will be purchased by Fluor Daniel and what will be
purchased by contractors

Coi plete a Material Responsibility Matrix for each contract package
Determine if handling of material in the field will be by contractor or Fluor Daniel
e Construction

Option 1 Same steps as EPC if able to participate in the "other than FD" engineering firm's early
phases '

Option 2 Begin with Module 1 and prepare for purchasing in the field
Use Modules 2 - 12 as a guideline for all aspects of the construction phase
Factors to consider: Less time to establish effective blanket orders /:/‘
Shorter schedule to obtain materials
Material more costly due to short lead times >

(stocking fees)
Greater levels of surplus

s
. 1‘3.":’2
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B. Planning for Field Procurement

In the taskforce / home office environment, planning for the purchase of construction materials should
begin early. (refer to Module 1)
e EPC
Determine strategy for what is to be purchased early
Determine engineering support for material take offs
Establish local blanket orders prior to relocating to the field
Take advantage of the contractual Fluor Daniel key supplier agreements
Prepare for receipt of material
Implement "just in time" ordering and receiving
e« EPCM
Same steps as above except determine what will be purchased by Fluor Danlel and what will be
purchased by contractors
Complete a Material Responsibility Matrix for each contract package
Determine if handling of material in the field will be by contractor or Fluor Daniel
¢ Construction
Option 1 Samehsteps as EPC if able to participate in the "other than FD" engineering firm's early
phases
Option 2 Begin with Module 1 and prepare for purchasing in the field
Use Modules 2 - 12 as a guideline for all aspects of the construction phase
Factors to consider: Less time to establish effective blanket orders
Shorter schedule to obtain materials
Material more costly due to short lead times
(stocking fees)
Greater levels of surplus
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C. Challenges in the Field

Understand the construction schedule:

Always be aware of construction needs and strive to support them.

Build relationships with local suppliers:

The local suppliers are the only support during critical times.

Familiarize yourself with sources of supply that are readily available:

If local suppliers cannot provide, you must be prepared to locate material elsewhere.
Familiarize yourself with material types to obtain equals and partials:

Your level of material understanding needs to be high to support the use of substitutes.
Communicate with construction, suppliers and the client:

Communication skills are a must to keep all parties informed.

Material control:

Warehousing should alert material control when material Ievels are low and issue the
material required per the bill of material.

Issue material to contractors in the order construction is sequenced:

Contractors are notorious for re-sequencing their work which exhausts
materials on hand.

Teamwork:

Teamwork is essential by. aII parties and members of the field
construction staff.
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C. Challenges in the Field

Understand the construction schedule: .
Always be aware of construction needs and strive to support them.

Build relationships with lecal suppliers:

The local suppliers are the only support during critical times.
Famili arize yourself with sources of supply that are readily available:

If local suppliers cannot provide, you must be prepared to locate material eilsewhere.
Familiarize yourself with material types to obtain equals and partials: |

Your level of material understanding needs to be high to support the use of substitutes.
Communicate with construction, suppliers and the client:

Communication skills are a must to keep all parties informed.

Material control:

Warehousing should alert materlal control when material levels are low and issue the
material required per the bill of material.

Issue material to contractors in the order construction is sequenced:

Contractors are notorious.for re-sequencing their work which exhausts

materials on hand.

Teamwork: '

Teamwork is essential by all parties and members of the field -
construction staff.
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D. Module Review Exercise

Construction is ready to install the ten chilled water pumps P101 through
P110.

" Use the following criteria and discuss:

 The bill of material has been issued to the warehouse and they are
pulling all material requested for installation.

e The warehouse identifies that some material is outstanding, thus a
potential schedule delay could ensue.

e In addition to outstanding material, it has been identified that some
material is short

Questions:
1. Who issues the bill of material (BOM) or field material

request (FMR) form?
2. What are the sieps required to satisfy outstandlng or
short materials? | 4
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D. Module Review Exercise

Construction is ready to install the ten chilled water pumps P101 through
P110.

Use the following criteriaiand discuss:
e The bill of matenal has been issued to the warehouse and they are
pulling all'material requested for installation.
« The warehouse identifies that some material is outstanding, thus a
potential schedule delay could ensue.
e in addition to outstanding material, it has been identified that some

material is short

Questions: |
1. Who issues the bill of material (BOM) or field material

request (FMR) form?
2. What are the steps required to satisfy outstanding or A
short materials? 4
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D. Modu!e Review Exercise

Answers

1. The BOM or FMR is issued by the field engineer / area superintendent per drawing in
construction installation sequence. This person authorizes these forms if material is
requested by a contractor. The warehouse pulls the material and prepares it for pick up or
delivery to the work site. Itis the superintendent's responsibility in the case of a contractor
requesting material that supports the construction sequence.

2. Steps required to satisfy outstanding or short material:
Construction notifies the field engineer
Short:
Field engineer issues requisition for short material
Purchasing buys the material
Material is delivered
Warehouse informs construction of material availability and issues

Outstanding:
Field engineer notifies expediter P> /‘
Expediter contacts supplier and establishes delivery intentions or

work around plan
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DESTINATIONS ARE USED TO INDICATE WHERE OUTSTANDING
PO ITEMS ARE BEING SHIPPED TO. MRP USES THIS (AS WELL

AS THE STOCK LEVELS) TO DETERMINE MATERIAL AVAILABILITY .
AT EACH SHOP OR FIELD/SITE. |
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BUSINESS DEFINITIONS

CONTRACTOR: A gambler who never gets to shuffle, cut or deal
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BUSINESS DEFINITIONS

CONTRACTOR: A gambler who never gets to shuffle, cut or deal.

BID: A wild guess ¢arried out in two decimal places

LOW BIDDER: A éontractor who is wondering what he left out
ENGINEER’S ESTIMATE: The cost of construction in Heaven
STRIKE: An effort io increase egg production by strangling the chicken
AUDITORS: Pecple -vho go in after the war and bayonet the wounded
LAWYERS: Peopl: who go in after the auditors and strip the bodies

PROJECT MANAGER: The conductor of an orchestra in which every
musician is in a different union |
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PRIME CONTRACT

> DEFINITION: The Contractual Agreement between
The Company and the client, that
stipulates the roles, responsibilities, and
the obligations of each party and the
authority of The Company to perform
those services.

> TYPES: Multiple, including EPC. EPCM, E, PCM, PCP
CP, P, C, etc. Each of these contracting
services can be based on a variety of
payment methods, e.g., Cost Reimbursable,
Lumpsum, Incentive based, etc.

'~ CMEP - PRE - AWARD



PRIME CONTRACT (cont’d)
> PROCEDURES:

- Management / Administration
Of the Prime Contract

- Develenment of flowdown
language

CMEP — PRE - AWARD

RESPONSIBILITY

Project Manager

Contracts/Legal



PRIME CONTRACT (cont’d)

>  MANAGEMENT/ADMINISTRATION OF THE PRIME

It iIs the responsibility of the Project Manager to ensure
the project is executed in accordance with the terms and
conditions as set forth in the Prime Contract.

The Prime Contract can affect the work processes of all
project disciplines, it is therefore crucial that the Project
Manager makes Prime Contract extracts available for
discipline review. The results of the discipline review will
be reflected in the Project Procedures and/or “flowdown
language”.

CI6EP — PRE — AWARD



PRIME CONTRACT (cont'd)

> DEVELOPMENT OF FLOWDOWN LANGUAGE

- DEFINITION: “Flowdown language” is language
included within the Prime Contract that is determined by
the PCM and the Law Department as language that
must be included in any Contract developed between
The Company and third party contractor in the
performance of any subcontracted work. Areas for
which “flowdown tanguage” is typically developed are:

:  Insurance (limits of liability)

- Indemiity (language)
- Performance/Payment Bonds
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PRIME CONTRACT (cont’d)
> DEVELOPIh1éNT OF FLOWDOWN LANGUAGE (cont’d)

- Prevailing Laws (States or Country of precedence)
- Use cfclient products

- Publicity (limits or restrictions)

- Taxes, Duties & Fees

- Guarantees / Warranties

- Right of audit/Record retention

> RESPONSIBILITY: It is the responsibility of the PCM in
conjunction .vith the Law Department to review the prime
contact in order to identify any differences or special
requiremeiits that are not included as part of The
Company’s standard terms and conditions.
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PRIME CONTRACT (cont’d)

> When the “flowdown language” has been developed, with
the formal approval of the Law Department, it shall be
submitted to the Project Manager for approval, and the
subsequent approval of the client as required. It is then the
responsibility of the PCM to ensure the agreed language is
incorporated into each Contract issued by The Company.

-
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PARTS Ill & iV

> DEFINITION: PART Il is the preprinted form that
describes ‘the general conditions and legal terms under
which the Work is to be performed.

PART IV is the “Special Terms” that incorporates all
changes to PART Il as a result of project requirements,
e.g. “flowdown language”.

NOTE: PART llIl cannot be changed or re-written without
the approval of the Law Department, and then all changes
must be reflected in the PART V. However, under some
circumstarices, e.g. The Company in a joint venture
partnership. or some International projects, a project
specific r /A\RT Il may be developed.
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COMMERCI’AL CONSIDERATIONS

>

Prior to development of the Projé(-:t Contracting Plan,the'

Project Manager with support from the PCM, the Law

Department and The Company Tax and Insurance
specialists must determine the Project Philosophy
regarding - a variety of commercial Iissues, such
considerations may include: |

¢

- BONDING

- INSUFANCE

- TAXE® |
- IMPOHTATION & CUSTOMS
- INCENTIVE/PENALTIES
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COMMERCIAL CONSIDERATIONS

BONDING

> .

INTRODUCTION: The Company’s policy on risk
management requires that risk be reduced, transferred, or
eliminated to the greatest extent possible. This is achieved
by stich methods as irrevocable letter of credit, bank
guarantees,  bid/payment/performance  bonds, and
retention.

In the event The Company’s client assumes the risk, The
Company will make appropriate recommendations to
ensure the clients risk is mitigated to the greatest extent
possible. -
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BONDING (cont'd)

> A bid bond in the amount of (10%) of the bid price.

NOTE: A bid protects The Company and it's client from

any losses should the bidder fail to accept the
contract award.

> A separate payment bond in the amount of (100%) of the
~ total award value.

NOTE: A payment bond protects The Company and
client from any losses incurred due to a
Contractor's default in the supply of Iabor/or
matenals
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BONDING (cont’d)

> A separate performance bond in the amount of (100%) of
the total award value.

NOTE: A performance bond protects The Company and
it's client against lass caused by failure of a
- Lontractor’s performance of the Work.

>  EXCEPTYJINS:

At the commencement of and during the life of a project
there may be instances where certain risk elements may
allow us to eliminate or reduce costly bonding
requirements, However, the decision not to bond requires
Executive level approval in accordance with Corporate

policy
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BONDING (cont’d)

>  EXCEPTIONS (cont'd)
- Contracts less than $ 100,000 in value
- Cost Reimbursable contracts with an indefinite value that
are low risk and therefore may not require a

paymeni/performance bond, in as much as the bonded
value is difficult to determine.
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COMMERCIAL CONSIDERATIONS
INSURANCE

>  Certificates of Insurance are required from all The
Company {Contractors prior to commencement of physical
work.

The insurance limits and requirements for each project are
established by the Prime Contract. The types and limits of
the required insurance will possibly have a cost impact to
the bidders, and may also affect whether a company
qualifies to bid. Therefore, the bidders must prequalify to
those requnrements -

> |t is the Contract Administrator’'s responsibility to obtain
satisfactory Certificates of Insurance and to ensure they
are current through the life of the Contract.
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COMMERCIAL CONSIDERATIONS
TAXES

> PART defines the Contractors responsibilities for the
payment of {axes, duties and fees

>  PART IV will define any special tax terms such as tax
exemptions the client may qualify for.

>  Tax considerations on an overseas project may also affect
Project Contracting philosophy, e.g. split Contracts for
offshore services (normally supply & fabrication) and
~onshore services (normally installation).  These
considerations can yield significant savings for a project. -

Each project must develop a strategy for taxes, utilizing the
services of The Company tax specialists.
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COMMERCIAL CONSIDERATIONS
IMPORTATION AND CUSTOMS

> The impcirtation and customs regulations can have
significant cost impacts to the project. Client exemptions
and qualifications will determine the potential savings,
however most - exemptions require a high level of
~administration from The Company and demanding
reporting requirements from our Contractors. It is therefore
important to establish the procedures early in the project

and include the reporting requirements in each appropriate
RFP and Contract.
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COMMERCIAL CONSIDERATIONS
INCENTIVES / PENALTIES

> Does the Prime Contract include Incentive/Penalty language? If
yes, we should obtain project agreement on how these WI|| be
passed on to our Contractor’s, if at all.

Timing is of the essence when it comes to the introduction of
Incentive or Penalty agreements, in order that maximum benefits
are achievad.

Items for consideration are:

- Is the Contractor’s scope properly defined?
- Are The Company deliverables confirmed?
- Are there any-outstanding items or points of disagreements
between The Company and the Contractor that could possibly

be resclvad as part of an Incentive Agreement?

£
S %
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COMMERCIAL CONSIDERATION
INCENTIVES / PENALTIES (cont’d)

- Establish’ the basis of the Incentives, i.e. Safety? Quality?
Schedule milestones and/or progress? -

> Incentive Agreements must be structured for the milestones, etc.
to be achievable, i.e. develop a win-win scenario.

An incentive agreement with unachievable milestones will
invariably have the reverse affect of what we are trying to

" achieve.
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PROJECT CONTRACTING PLAN

> DEFINITION: The Project Contracting Plan is the base plan that
determines numbers of contracts, schedule of pre-award
. milestones, and the Contract pricing philosophy.

The Project Contracting Plan will be the basis for the
RFP/Contracts Development Schedule and the Individual Contract
Plans. |

> RESPONSABII:ITY: The Project Contracting Plan and all
subsequent revisions are the responsibility of the PCM, with regard
to overseeir, administering and reporting.

> PROCEDURE:.; The Project Contracting Plan must be determined

as early in the project as possible. Some of the project options that
- must be reviewed prior to determining the Contracting Plan are:
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PROJECT CONTRACTING PLAN (cont’d)

- CONSTRUCTABILITY (cont'd)
~* Local infrastructure to support movement of equipment and
- materials, etc onto the site.

® Availability of specialized equipment, e.g. Heavy lift cranage.
® Availability of Professional Service.

Contractor’s, =.g, Surveying, Soils consultants, NDE, etc.

- COMMERCG:AL PHILOSOPHY

® Lump Sum - (Rule of thumb should be if scope is defined al 85%+
Approved for Construction status).
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PROJECT CONTRACTING PLAN (cont'd)

* Unit Price " (Define Units of work, establish the method of
measurement, and establish a good estimate, bill of
. quantities).

* Cost Reimbursable - (Labor, Material and Equipment rates).

SCHEDULE REVIEW

Review project master schedule to assist in decision to Self Perform
or Contract, i.e. may identify early activities that do no support
establishing The Company indirects onsite to suppdit mobilization of
Direct Hire Forces.
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PROJECT CONTRACTING PLAN (cont’d)

- SCHEDULE REVIEW (cont'd)

®* The master schedule review will assist in identifying the number of
contracts, and the initial pricing philosophy.

PEr

* The master schedule will also identify areas for possible horizontal
and verticaj contract splits.

- MATERIAL RESPONSIBILITY MATRIX

®* The Matrix lists all possible materials.
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PROJECT CONTRACTING PLAN (cont’d)

. MATERIAL RESPONSIBILITY MATRIX (cont'd)

®* The Malrix assigns the responsibility for procurement of goods
and/or services to either Client, The Company Engineering,
The t¢.ompany . Construction, 3@ Party Engineering or
Contractor. -

o Joint review required with Procurement, Contracts,
Engineering, Construction and Projects.

v NOTE: _Co—m'ple'ting the matrix early in the project will assist in
deterriiining the Construction philosophy.
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POTENTIAL CONTRACTORS

> By performring a survey of potential Contractors the Project
Contracting Plan can be finalized. The survey should determine a
company’s capabilities with regard to technical and execution skills,
commercia: posture, capacity to meet our requirements, availability
of Supervision and equipment, etc.

The following activities are the responsibility of the PCM with
assistance from other disciplines as required.

>  SURVEY (SOURCES)
- Previous The Company or Client experience

- Local Con‘iacting organizations, e.g. ABC, AGC
- Classified business directories
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POTENTIAL CONTRACTORS (cont’d)

> PREQUALIFICATION

Issue prequallﬂcatlon questionnaire

Obtain company standards on Safety and Quallty |
Hold “short list” interviews (Include appropriate discipline support)
- Perform evaluatlon/recommendatlon for Project Manager and

Cllent approval
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RFP /| CONTRACTS DEVELOPMENT
SCHEDULE

> DEFINITION: From the Project Contracting Plan a Project Contract
Register/Schedule is developed, which lists each RFP/Contract and
identifies milestone activities that must be maintained to meet
schedule award dates. -

(SEE SAMPLE FORM)
> 'RESPONSIBILlT'Y: The PCM is responsible for developing and

maintaining the RFP Register by obtaining input from the discipline
Engineering groups on a weekly/monthly basis.

The PCM is. responsible for issuing the report in accordance with
the Project r:rocedures.
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RFP KICK - OFF MEETING

> DEFINITION: The RFP kick-off meeting is held for each RFP and
will insure timely communication and alignment between Project
Management, = Engineering, Construction, Project Controls,
Contracts and the Client.

The Individual Contrécts Plans will be developed at the RFP kick-off
meeting.

> RESPONSIRBILITY: The PCM is responsible for developing the
meeting age:nda, chairing the meeting, and issuing/maintaining the
Individual Contract Plans. However, it is the responsibility of the
Project team to jointly develop each Individual Contract Plan.

CMEP — PRE — AWARD



RFP KICK — OFF MEETING (cont’d)

>  PROCURDURE: The purpose of the meeting is to define the
following: .

Major scope items

Specific scope exclusions

Material rasponsibilities

Scope intarfaces

Pricing bzsis |
Required data for RFP preparation/issue
Required Jata at/after award
Engineering data prepared by Contractor
General construction execution information
RFP preparation schedule

CMEP — PRE — AWARD



RFP KICK — OFF MEETING (cont’d)

>  NOTE: Latest Engineering progress is reviewed to determine if
the initial pricing philosophy is still feasible. If it is no
longer feasible the PCM shall issue a revision to the
Project Contracting Plan for Project approval. The
revision shall identify number, date reason for change
and the impact of the change.
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INDIVIDUAL CONTRACT PLAN

> DEFINITION: The Individual Contract Plan details the specific
requirements for each contract, as discussed in the RFP kick-off
meeting, such as scope items, listing of materials provided by
TRC and Contractor, list of specifications and drawings required
for RFP preparation and issue, and RFP preparation schedule,
etc. |

>> RESPONSIBILITY: The PCM shall be responsible for
preparation, maintenance and revisions to the Individual
Contract Plan. After preparation the PCM shall obtain
comments/ approval from all concerned disciplines.

Each revision will be formally issued and signed off by the
Engineer, Contracts, and Project Manager.
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RFP PREPARATION

>  NOMENGLATURE:

- - INSTURCTIONS TO BIDDERS: General information
standardized at the beginning of the Project and included in

each RFP. .
- PARTI - Scope of Work, General and Specific
- PARTIl .-- Commercial Terms
- PARTIli - Standard Terms and Conditions
- PARTIV - Special Terms -

- ATTACHMENTS— Project Standard, e.g. Jobsite Safety
Requirements | o

- EXHIBITS - Contract specific, e.g. Equipment list for erection
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RFP / CONTRACTS DEVELOPMENT

>  RESPONSIBILITY:

Many dfsciplines may be responsible for various of the RFP,
however the PCM is responsible for coordinating those

effori &ind developing the RFP.

>  RFP REVIEW MEETING:

It is recommended that and RFP review meeting is held for
each major scope of work. The attendees will include all
disciplines that have given input, who will review and
comment on the draft document prior to finalization and
issue for project approval and issue for bidding.
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RFP BIDDING PHASE

>  RFP EXPLANATION MEETING AND SITEWALK

- This meaeting held at the site with all bidders and attended
by all appropriate The Company disciplines is arranged,
chaired, and minuted by the Contracts Administrator.

- The purpose of the meeting is to ensure all bidders have a
clean understanding of the full scope, advised of any
updated information, answer any questions and ensure all
bidders are familiar with the site by way of a sitewalk.
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RFP BIDDING PHASE (cont’d)

>  ADDENDUM
- The Addendum is used to formally notify the bidders of any
revision to the RFP documents, or clarification to general
questions from bidders.

. The Addendum is reviewed and approved in similar fashion
to the RFP. |

- Al' Addendum’s must be referenced with each bidders
proposal.
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RFP BIDDING PHASE (cont’d)

>  PROPOSAL OPENING & DISTRIBUTION

- The Contracts Administrator is responsible for receiving
dating all proposals.

- The proposal opening must be a-tte'nded by the Contracts
Administrator and at least one other person, in accordance
with the Fioject Procedures.

- Propos-al distribution, other than technical, will be made on a
need tc: know basis.
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RFP BIDDING PHASE (cont’d)

> PROPOSAL EVALUATION

- The Contracts Administrator is responsible for coordinating
the evaluation effort by distributing and receiving, from all
appropriate parties, an evaluation of the parts of the
proposal. specific to their discipline.
The Contracts Administrator shall assemble all discipline
responses, perform the commercial evaluation, and prepare
the provosal summary and recommendation.

- Unsolicitad proposals will not be accepted.

- All questions and responses must be formally documented.
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RFP BIDDING PHASE (cont’d)

- The evaluation team will determine a short list if appropriate
after the initial screening.

- Proposal Clarification Meetings may be held with the potentially
successfully tidder(s), to ensure mutual agreement of scope
and proposal prior to finalizing the selection and
recommendations. |

. Based on the project policy, post bid negotiations may be held
with one or more of the bidders prior to final bidder selection.
Post bid negotiations must be held in STRICT compliance with
Project and Company procedures.

- Award recommendations will be made, and approvals obtained,
iIn accordance with project procedures. |
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The Three Phases of the Sales Cycle

1. Pre-Proposal Activity . @
&

Clea®)

2. Proposal Preparation

3. Post-Proposal Activity



Pre-Proposal Activity
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— Intelligence Gathering | a@

— Type of Commercial Offering @ |
— Positioning @

— Relationship Building
— Past Customer Relations

The client relationship which the Procurement Manager develops on an
existing project may positively or negatively impact future business with th
client.



Pronosal P@ eparation

VT T (== b Er A e Sy g Nnt ¥ TR IR LTS b TR W T L L e T L) f TR R A T I R T T
.

- Bid / No Bid Analysis and Decision a@
- Proposal Planning and Preparation @«

- Proposal Submittal o

Preparing major proposals is a team process and, particularly
where the scope is EPC, Procurement should be a major
contributor.
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- Presentations

- Questions and Clarifications

Being able to C/GCH‘/y and (:Oi?C[SG/y preS‘enf F_/um‘ Daniel's Procurcement Capabilirics
" is a vital element for success in certain proposal sifuations.



ey Wlements In The

v
Proposal Process |
) ]

n Qualifications Books

~n Proposals

n Presentations

Interviews




Qualifications Books
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n Give potcntlal clients an overview of Fluor Daniel

a Highlight Fluor Daniel capabilities

= Narrative tends toward "boilerplate”, with proposal-specific.
-modiflications |

a Pricing and "committed" personnel usually not included

a Procurement resumes should be up-to-date and reflect
proposal-specific.
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a Typ(, 0[ Commcmlal OllumgD

m Size and detail may vary dramatically
= Content 1s client or project focused
a Typically include price, commercial terms, resumes and execution plan

= May require soliciting prices on major equipment to help develop Fluor
Daniel's proposal to clierit

a Market intelligence may help shape materials strategy



Module Objectives -
Project Start-Up
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. Undefstand the PPM roles and responsibilities

= Know the resources available to facilitate good procurement planning
« Undgrstand and incorporate Prime Contract considerations
-'Guidelines for developing the project bidders list

= [mplementing the procurement systems

- Determine required level of detail for the Activity Plans

= Applying risk management



Project txecution Plan
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=« Procurement Plans

= Contracting Plan

e

= Logistics Plan

= Quality Plan



Material and Procurement Plan

9.
10. Materials and Procurement Systems
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Purpose

Project Definition
Material and Equipment
Pur clmsmg

Contr acting

. Expediting (Home oihce and shop)

Supplier Quality Surveillance
Traffic and Logistics
Field Purchasing, Waichousing

11. Project Procurement Procedure Monitoring



Constructibility

Cost

Conceptual Planning Procurement Start-up
Design Construction




The Starting Point - ST
Procurement Planning / ART
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Understand the scope s and key issues (

What are the client expectations and scope of services\?
What level of detail of the OPG will be implemented?

[Establish objectives (Irom Client expectations)
| l-ligllest Quality?...Lowest possible hours per P.O...Minimal
surplus?...accelerated deliveries?
Define roles
Who has lLS])()IlSIl)lllly for buying, contracting, reviewing,
approving, expe(htmg, surveillance, mcelvmg?
Whose systems will be utilized?



The Starting Point - ;
Procurement PIann|n§TART
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Incorporate Lessons l.earned

How can we apply our expericnce from other projects and
audit findings to enhance performance on this job?
Recognize Constraints

1’Whal factors must be accounted for in our execution

planning? Prime contract details!
Consider resources

What "tools" aire available within Procurement, in other

disciplines, in other offices which can be of assistance .

- Develop str lleglcs

How can you best mect the identified 0b|utlvcs with the
"tools" a your disosal?
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PROJECT PROCUREMENT
. Organization CHART

(Typical)

Project Procurementc
Manager :

f

QC Engineex

ZcnzTacts Zuvers QfZzice | Inspection Trafiic Warencuseman
Manager Expediters| |Coordinator||Coordinator
I | Do

i i

i i
jC“:::a::s Shco ,Shc;
ZngLnesr l‘.—‘.*:ped:.:::* l InspezIors

.
- 1l: - ™

PROFORM.PRO



Project Options Checklist

= Define the
requirements of prime

contract -

e Ll

-Define roles and ~ [ESEEE ANEY T
responsibilities

= Support effort hour
éstimate | |




Planning: Prime Q
Contract Review "<,
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a Read and Understand the Prime Contract

« Essential to Understanding procurement’s
- scope

= Essential in creating Procurement Documents
which reflect the proper Terms and Conditions

Assists in understanding the OVERALL project
effort

- = Essential in knowing and understanding risks
and llablllty exposure.




Typical Prinie Contract
Considerations :

3 s M T T
= What is Fluor Daniel's Procurement/Contractlng posture

Agent?....Owner?....Contractor?

- Is the project Lump Sum?....Reimbursable
cost?...Incentive?

= What, specifically, are Procurement's roles and responsibilities?
What are the Procurement deliverables for the job?

= What flowdown provisions (warranties, taxes, insurance, etc.) are contained in the
Prime Contract which need to be incorporated in our Procurement documents?

« What are the client's involvement points in document review and approval?

« What are file ownership, transfer, and retention stipulations?

= Licensor Requirements



“Project Schedule
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- Work with project discipline to understand and monitor
schedule objectives and constraints

- Be alert to. constructibility issues

= Create a realistic proc urement cycle suited for your
project |

= Identify and make vnsmle critical matenal plans
« Build a strategy that mitigates projects risks

- Communicate market/supplier trends and current
events which may impact your project execution plan

= Determine what are the schedules for document and
material tracking, by Procurement or Project Controis?
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Critical Materials
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« [dentify from Several Perspectives
- Material Lead Time
- Criticality of Vendor Engineering
- Constructibility

= Develop a Specific Philosophy/ Procurement Plan,
including strategies for schedule enhancement

= Sensitize Project and Procurement Personnel to
the Critical Issues



How to Write a Giood Procedure
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= Material and Procurement Plan and
Quality Plan serves as the basis

= Available Tools
- Procurement Generic Procedures
- Existing procedures....same Cllent/Slmllar
Project |
- Procurement Practices Procedure Outline

= Additional Inputs |
- Lessons Learned from Other Projects/Audits
- Prime Contract flowdown requirements

= Keep it simple and clear




Developing The PrOJect ( )
Bidders List v [
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= The Supplier Process

- Key Suppliers - Preferred Suppliers
- Alert/Warning List (OOO 412.0511) - Market Outlook
- Supplier Evaluations (Lotus Notes) - Client Agreements

« Global Procurement Network
= Additional Fluor Daniel Resources
- Client Input

= Supplier Diversity Program



~ Staffing Issues
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= Plan your manpower to meet the expected workload
« Evaluate the projected work for individual capabilities
= Use effective supervision Techniques and Delegate/Empower!_

= Be Alert to Office Support Considerations

- Keep Project, Department Management and Assigned
Personnel Informed

« Allow for proper training to Project Specific Requirements as
well as personal needs cf staff



Applying Risk Management \—J§
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- = Protecting the commercial interests of Fluor
Daniel and our client..... Managing the
controllable variables within the Procurement

“environment in such a way that risk is
minimized.




c/o Foster Wheeler USA Corporation
Perryville Corporate Park

Clinton, New jersey 08809-4000
Phone 90B-730-5438 Fax 908-730-5119

date : 2nd February, 1998
ref ; SPMP/FWC L0173
For the attention of

SINCOR PROJECT
CONTRACT NUMBER : C-D-01-1
INVITATION TO TENDER FOR THE
PROCESS AND UTILITIES PACKAGE

Dear Sirs,

This Invitadon to TENDER is issued by SINCOR C.A. a company organized and existng under the
laws of Venezuela (hereinafter referred to as COMPANY), acting on behalf of :

. Maraven. S.A : 30%
o Norsk Hydro, ASA ' : 15%
. Statoil Venezueia A.S. : 15%
. Total Venezuela ' : 40%.

You are invited to submit a TENDER for the engimeering, procurement, supply, construction and commissioning of a
Process and Utilites Package in the Jose Industial Complex in Venezuela, as part of COMPANY’s Downstream
Project (Upgrader), for the manufacture of synthetic crude from the extra-heavy Zuata crude from the Venezueian
Ornoco belt.

Such TENDER shall be submitted in accordance with this Invitation to Tender Letter, and the following documents :

. Instructions to Tenderers

. Form of Agreement, together with
Annex 1: Form of Bank Guarantee
Ammnex 2: Form of Final Account Certificate
Annex 3: Indemmiry and Waiver of Recourse Agreements
Annex 4: Liability and Insurance Agreement from Subcontractors
Annex 5: Consmuction All Risks Policy Summary
Annex 6: Form of Contractor's Parent Company Guarantee
Annex 7: Form of Assignment Agreememt
Annex 8: Form of Certificate of Endorsement of Design Dossier
Annex 9: Form of Interim Certificates
Annex 10: Form of Provisional Acceptance Certificate
Annex 11: Form of Final Acceptance Certificate

Annex 12: Labour Agreement



Exhibit A: Scope of Work

Exhibit K Contractor’s Organisation and Key Persormel
Exhibit L Health, Safety and Environment =~
the DESIGN DOSSIER documents which are contained in separate volumes.

L ]

. Exhibit B: Schedule of Prices

. Exhibit C: Work Time Schedule

. Exhibit D: Performance Guarantees

. Exhibit E: Design Dossier

. Exhibit F: Particular Conditions for Performance of the Work
. Exhibit G: Co-ordination Procedure ’
. Exhibit H: Quality Assurance and Quality Control

. Exhibit I: Company Items .

. Exhibit J: List of Subcontractors and Vendors

L ]

L J

[ ]

One set of the above documents is provided, and a further set will be forwarded to you by the 5th
February, 1998.

TENDERERS are requested to submit their TENDERS as described in the attached “Instructions to
Tenderers”, so that they arrive at the address stated in the “Instructions to Tenderers” by not later than
12:00 hours, local (New Jersey) time, on the 15th May of 1998.

The Form of Acknowledgement, Appendix 1 of the Instructions to Tenderers, shall be returned within three (3) days
confirming your intention in response to this Invitation to Tender.

P
Yours faithfully, "MDM \Q_le_l.:




SINCOM
INVITATION TO TENDER
CONTRACT NO C-D-01-1

FOR THE

ENGINEERING, PROCUREMENT, SUPPLY, CONSTRUCTION
: AND COMMISSIONING

OF THE

PROCESS AND UTILITIES PACKAGE




- 'SINCOR'PROJECT ...
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SINCOR PROJECT
CONTRACT NO C-D-01-1

LIST OF CONTENTS

INSTRUCTIONS TO TENDERERS

FORM OF AGREEMENT

ANNEX 1: FORM OF BANK GUARANTEE

ANNEX 2: FORM OF FINAL ACCOUNT CERTIFICATE
ANNEX 3:" INDEMNITY AND WAIVER OF RECOURSE
AGREEMENTS

LIABILITY AND INSURANCE AGREEMENT FROM
SUBCONTRACTORS

CONSTRUCTION ALL RISKS POLICY SUMMARY
FORM OF CONTRACTOR’S PARENT COMPANY
GUARANTEE

FORM OF ASSIGNMENT AGREEMENT

FORM OF CERTIFICATE OF ENDORSEMENT OF
DESIGN DOSSIER

FORM OF INTERIM CERTIFICATES

ANNEX 4:

ANNEX 5 :
ANNEX 6:

ANNEX 7:
ANNEX 8:

ANNEX 9:

ANNEX 10:
ANNEX 11:
ANNEX 12:

EXHIBIT A:
EXHIBIT B:
EXHIBIT C:
EXHIBIT D:
EXHIBIT E:
EXHIBIT F.

EXHIBIT G:
EXHIBIT H:

EXHIBIT I:
EXHIBIT J:

EXHIBITK :

EXHIBIT L :

FORM OF PROVISIONAL ACCEPTANCE CERTIFICATE
FORM OF FINAL ACCEPTANCE CERTIFICATE '
LABOUR AGREEMENT

SCOPE OF WORK

SCHEDULE OF PRICES

WORK TIME SCHEDULE
PERFORMANCE GUARANTEES
DESIGN DOSSIER

PARTICULAR CONDITIONS FOR PERFORMANCE
OF THE WORK

CO-ORDINATION PROCEDURE )

QUALITY ASSURANCE AND QUALITY CONTROL
COMPANY ITEMS

LIST OF SUBCONTRACTORS AND VENDORS

CONTRACTOR’S ORGANISATION AND KEY
PERSONNEL

HEALTH, SAFETY AND ENVIRONMENT



* SINCOR PROJECT::::
T CONTRACTROCDOLT,
” PROCESS AND UTILYFIES PACKAGE ", -~ " .~

SECTION A - COMMERCIAL PROPOSAL

The Commercial Proposal shall be initialled in blue mk on every page and signed by an officer of
TENDERER vested with authority to commit TENDER.

The Commercial Proposat shail comprise the following :

Al

Page 12 of 42

COVER LETTER

This section shall contain the TENDER cover letter written upon TENDERER's
letterhead.

FORM OF TENDER -
This section shall contain the completed Form of Tender m accordance with Appendix 4
hereof.

PRICE

Exhibit B
This secton shall conuin EXHIBIT B, with TENDERER's proposed rates, sums and
prices inserted therein.

Computer diskettes (Microsoft Word for Windows, version 6.0} are enclosed (in
Attachment K, of EXHIBIT B) to assist you m the preparation of your TENDER. You
are requested to insert your proposed rates, sums.and prices, but to make no other texwmal
amendments to this document.

Unit rates, EXHIBIT B, Attachment F

Within Anachment F of EXHIBIT B, TENDERER is requested to insert his proposed
unit pnices to be applicable in the event of changes to the WORK arising from CHANGE
ORDERS.
Within Attachment F of EXHIBIT B, TENDERER shail also submut his proposed pricmg
conditions :
e  adapted to the specific technical requirements of the WORK,
e definmg the content of each of the unrt rates (e.g. “rates for concrete are inclusive of

formwork and reinforcement™)

e  for all rade discipiines.

Subdivision of the WORK for tax purposes

TENDERER shall note that, for tax purposes, upon the award of any CONTRACT it is

COMPANY's intention to spiit the WORK berween its onshore and offshore eiements.

This will necessimte entering mito :

e 2 “master” contract covering the overall scope of WORK, which would be the
reference document with regard to any eventual disputes between the PARTIES,

* aconmact for the onshore pordon of the WORK,

¢  aconwact for the offshore porton of the WORK,

and the rates, sums and pnccs within EXHIBIT B have been split according to the above
principle. .

] Rev 2ad February, 1998



A3d4

A3.6

Page 13 of 42

commcrmc-n-am N
moczssmnmnmsrmax PR

'mmsmmmmmubemmsmofanmes.mme

exception of Venezuelan Vaive Added Tax (see item A.3.4 below) and Customs Dutes
(see item A 3.6 below). Mmicipal Taxes shall be priced upon the basis of item A5.5
below.

TENDERER’ spmposedram,mandpnmshaﬂbedccmcdtotakemmaccountth:
tax advantages of the above mechamiemn,

TENDERER's proposed rates, sums and prices are deemed to be inclusive of any and all
additiona] costs associated with the above mechanism including, but not limited to :

*  costs associated with the esmzblishment of the addirional contractual mstruments,

e Invoicing costs,

+ Jogisucal costs.

TENDERER shall, based upon his knowledge of the Venezuelan taxation laws and
experience of working in Vepemela, submit a demiled proposal for mynimising the
tmpact of taxation in accordance with the above principles, and upon which his submurted
rates, sums and prices are based

Value Added Tax

In respect of any Value Added Tax chargeable in Venezuela upon any goods supplied or
services rendered by CONTRACTOR hermumder, COMPANY shall reumburse
CONTRACTOR for such Valoe Added Tax at cost in accordance with the appiicable
laws, decrees and reguiations.

TENDERER's proposed rates, sums and prices in EXHIBIT B shall be exclusive of all
Venezuelan Value Added Tax, but inchesive of all other Value Added Tax.

Venezuelan Municipal Taxes

In respect of Venezuelan Monicipal Taxes, TENDERER shall base his proposed rates,
sums and prices upon the assumption that Mumicipal Taxes shall onty apply to
subconmact consouction WORK eon SITE and at a rate of three percent (3%), and shall
within his TENDER state the portion of the lump sum price, item 4 of EXIIRBIT B,
which is inclusive of such Venezoelan Mumicipal Taxes.

The rates, sums and prices stated in EXHIBIT B shall then be adjustcd according to the
actual rate of Municipal Tax eventmally agreed berween COMPANY/CONTRACTOR
and the applicable authornry.

In amiving at his proposed rates, sams and prices in EXHIBIT B, TENDERER shall also
take into account the normal practices within Venezuela, and his previous experience in
respect of the application of Mumicipal Taxes.

Customs Duties

TENDERER' spmposcdmm,mmdpncesmmdeXIﬂBITBshaﬂbcbasedupon
the principle that customns duties for the importation of CONTRACTOR ITEMS,
ASSIGNED COMPANY TTEMS and other COMPANY TTEMS imported into
Venezucla m relation with the performance of the WORK, shail be paid by COMPANY
directly to the customs authorines.

TENDERER is deemed to be aware of all applicable laws regarding the mportation of
1tems into Vepezuela, meiudmg the Veneznelan “A/B/C™ categorisation procedure,

it Rev 2od February, 1998
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'TENDERERshaupmndc where requested in EXHIBIT B, ad:mﬂcdhstofall:m to
be imported into Venezuela and cormresponding value of each item inciuded i the lump
surmn price to enable COMPANY to evainate the amount of the tmpart duty i respect of
the TENDER evaluation and of CHANGE ORDERS relating to any onshore-to-offshore
shifts of the WOREL

" Subject to APPROVAL, CONTRACTOR may shift WORK from onshore to offshore, m
which case the addirional import duty resulting from such shift shall be to
CONTRACTOR s account.

A3.7 Alternative for lump sum price 21l in USS

EXHIBIT B, item 5§ provides for TENDERER to submit his proposal for the Alternative
lump sum price which would apply Should the entive Iomp sum price, both onshore and
oﬁ'shorc be in USS.

A3.8 LONGLEADITEMS

COMPANY''s initial Contracting philosophy was that COMPANY would issue the calls
for tender for the Long Lead Items (see followng table) and procesd with the evainadon
and placement of the Purchass Orders, and that such Purchase Orders would be then

assigned 10 CONTRACTOR.
PURCHASE ORDER | DESCRIPTION OF EQUIPMENT
NUMBER
P-111 Crude colunm
P-101 Vacuum ceiumm
P-107 Crude charge hearers
P-127 Vacuurn charge heaters
P-118 Crude charge purmps
P-119 Crude booster purmps
P-128 Reaction heater
P-121 Washmg naphtha pump
P-129 Cold reactor F/E exchanger
P-130 Hor reactor F/E exchanger
P-131 | Naphtha F/R effluent exchang
P-132 | Naphtha pre-heater S
P-133 | Reactor effluent S/T feed exchanger
P-134 Reactor F/E exchanger .
P-135 Recycle preheater
P-145 Reactor heaters
P-116 } H2 Recveie compressor
P-106 i Recvcle compressors
P-113 | Combmed H2 M/U compress
P-122 Naphtha feed pumps
p-123 Gasoti feed pumps
P-124 Feed purnp
P-125 Washing water pump
P-1i3 Dedienisation reactor
P-103 { st reactor tam 1

Page 14 of 42 it Rev 2ad February, 1998
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P-103 1st reactor tram 2
P-104 2nd reactor train |
P-104 2nd reactor tram 2
P-105 HDS reactor
P-146 Stripper F/E exchanger -
P-109 Utility boilers
P-143 Sulpimr forming wnit
P-110 *DCS system

It is now COMPANY s requirement that TENDERER/CONTRACTOR shall take all
commercial and technical responsibility for issuance of calls for tender, evaination and
award of the long lead item Purchase Orders as with all other ftems of materials and
equipment to be suppiied by CONTRACTOR (*with the exception of the DCS which
will remain 2 COMPANY ITEM and eventually become an ASSIGNED COMPANY
ITEM). ‘
However, COMPANY has to a varying extent proceeded with the tender evaluation for
these items, and should TENDERER consider that a review of the original inquiry
documents and technical proposals submitted by the Bidders would be of assisance in
the preparation of his TENDER, he shal] be entitied to peruse such documents at
COMPANY''s offices at the address stated in item 4.7 above, and arrangements shall be
made through the Process and Utilities Package Project Manager, Mr de Chezelles, m
this respect.

It shall be understood, that such documents are available for mformation purposes only,
and TENDERER shall decide whether or not to make use of their contents i the
preparation of his TENDER, and shall take full responsibility for same.

ASSIGNED COMPANY ITEMS

Aracle 102 of the AGREEMENT provides for COMPANY to assign all Purchase Orders
in respect of the COMPANY ITEMS listed m EXHIBIT I to CONTRACTOR.

Attachment B of EXHIBIT B comprises the build up of a Provisional Ston in respect of
such ASSIGNED COMPANY ITEMS.

COMPANY has stated estimated values for the related Pruch»se Orders, and
TENDERER is required to insert his proposed prices for all costs associated with talong
over of the Purchase Orders, mehuding but not limited to management, engineermg
(including the mmpact of engineermg development), procureme«.at, supply, conswruction
and mswliiaoon and comumissionmg, any necessary temporary Storage at quayside Jose,
Venezuela, and transportanon from quayside to STTE, and inchuding all of the costs
stated in Artcle 30.4 of the AGREEMENT.

COMPANY has initiated the calls for wnder for the above Purchase Orders and it is
COMPANY"s intennen to perform the ¢evaluation and full clarification of the associated
bids m order to arrive at a2 selected bidder for each Purchase Order, Following award of
the respective Purchase Orders COMPANY would then assign the Parchase Orders to
CONTRACTOR as soon as possibie following award of the present EPSCC
CONTRACT. The CONTRACT PRICE would then be adjusted in accordance with the
mechanism set out m itemn 3 of EXHIRIT B.

it Rev Ind Febyruary, 1998
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‘ A.3 9.2 COMPAN'Y may a.lrcmanvely,'at COMPANY’s sole opnon and schcdnlc pcxmmng,

hand over the draft Purchase Orders relating to 2 shortlisted bidders to TENDERER m
order that TENDERER may incorporate the COMPANY ITEMS within his TENDER
prior to any award of the present EPSCC CONTRACT.

Split between Process and Utilities

COMPANY reserves the right to award the Process portmn of the PLANT to one
CONTRACTOR, and the Utilities portion to another - -

In submitting his TENDER, TENDERER is deemed to accept this principie.

Item 4, and Attachment A 2 and A3, of EXHIBIT B provide for TEENDERER to submit
his proposed prices to be applicable in such event

“Blanket Orders™

In order to ensure uniformiry throughout the PROJECT, COMPANY will pre-select
specific VENDORS for the supply of certain items of equipment and materials. The list
of such items of equipment and materials is conmmed withm EXHIBIT J, Attachment
1.2, and TENDERER shall proceed with the preparation of his TENDER upon the basis
that the resuiction 10 a specific VENDOR does not apply. Prior to any CONTRACT
award, COMPANY will inforrn TENDERER of the name of each of the respective
VENDORS selected by COMPANY, and TENDERER shall incorporate this requirement
within his TENDER.

COMPANY’s take-off

For the purposes of the preparation of COMPANY’s estmare of the PROJECT cost,
COMPANY bas produced a take-off of the approximate. quantties of the major matetial
and equiprnent requirements.

Should TENDERER consider that a review of such document would be of assistznce in
the preparanon of his TENDER, he shall be enntied to peruse such documents at
COMPANY"s offices at the address smted in item 4.7 above, and arrangements shall be
made through the Process and Utilines Package Project Manager, Mr de Chezelles, in
this respéct”~

It shall-bé tnderstood. however, that this document is available for information purposes
only, and TENDERER shall decide whether or not to make nse of its cont=nts in the
preparation of his TENDER, and TENDERER/CONTRACTCR. shall not be entitled 1o
any compensaton whatsoever in respect of any difference berween the quanzties stated
in the take-off document and the actual quaprities required.

LEGAL AND FINANCIAL STATUS

This section shall contain :

TENDERER s name.
. Corporate ownership details and legal stats.
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Counn-y ofmcorpmnm
Country of residence for tax purposes.—~ - o
Major activities.

Names of principal officers.

Corporate orgznisation charts.

Bank references.

Fmancial reports for the last five years (the most recent report shail have been
issued a maximmmm of 6 months eariter)

Statement that Tenderer is familiar with all government and local regulations.

. Details of any outstznding, or potential, litigation agammst TENDERER which

could have an adverse impact upon the WORKL

. Details of any outstanding mdebtedness or unsecured loans or debts or wading

losses not reported witiin the fmanciaj reports.

JOINT VENTURE

If applicabie, this section shall contam the Joint Venture documents and swtements
described i item 4.13 above.
PARENT COMPANY GUARANTEE

In the event that TENDERER is a subsidiary of another Company or Corporation, or is
more than 50% owned by another Company or Corporadon, it is a condition precedent to

. the acceptance of any TENDER that the TENDERER's ultimate holding Company

provides a ‘Parent Company Guaramee’ lerer in the form of Appendix 2 hereof, which is
to be signed by an officer(s) vested authority to commit the parent company.

In the case of a Joint Vennure a Parent Company Guarantse shall be provided by each
Joint Venturs Parmer.

BID BOND

TENDERER shail within this section, provide COMPANY with a Bid Bond in the form
of a bank guarantee issued by a bank aceeptable to COMPANY, and in, the format of
Appendix 3 hereof.

The Bid Bond shall be in the amount of $2,000.000 (two million United States
Dollars) and it shall be valid for a period of 150 (one bundred and fifty) days (bemg
the TENDER validity period pius 30 days} from the date stated for submission of the
TENDER 1n the Inviation to Bid covermg lener.

The Bid Bond shall become the property of COMPANY and COMPANY shall have
the right to submut forthwith TENDERER's Bid Bond for payment if the said
TENDERER withdraws his offer during the penod of validity and/or,-having been
awarded the CONTRACT, withdraws or is unable to implement it.

The Bid Bond validity period shall be extended if so requested by COMPANY.

BANK CERTIFICATE

This secton shall contain a cemficate issued by a leading Bank in which said Bank
commits itself, i case of award of the CONTRACT, to furnish the necessary Bank
Guarantes as defined in the AGREEMENT and complying with the model within Annex
1 to the AGREEMENT. )
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ALTERNATIVES
TENDERER shall submit in the format of the followmg tabulation the impact of any

Alternanves proposed by TENDERER, clearly cross-referenced to the items within
secton B.26 of the TENDER.
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TENDERER'’S PROPOSED ALTERNATIVES

Item ref | Description Recommended | Reasons for Impact upon Base TENDER
change to proposed should COMPANY accept
DESIGN Alternative Alternative
DOSSIER
Price impact Schedule
impact
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SECTION B - TECENICAL PROPOSAL

TENDERER shall submit as much technical data, execution plans, procedures and organisational
and persommel information as necessary for COMPANY to fully undersmand and evaluare
TENDERER’s Technical Proposal and his understanding of the TENDER DOCUMENTS.

The Technical Proposal shall comprise the following :

B.1 COVER LETTER

This section shall contain the TENDER cover letter writtem upon TENDERER's
letterhead.

B2 PROJECT MANAGEMENT
This secton shal] comprise :

. A clear description of the proposed coverage of co-ordimation and interfaces
‘. berween engineering, procurement, consguction, instaliarion, pre-
commissioning and commissioning.

. The organisation charts for each phase of the CONTRACT, mcluding
management, IepOrting, SOgINCCnng, Qrocurement, CONSTUCHON Supervision,
instailanon, pre-comrmissioning, commmissionimg, safety, and quality control.
The Organisation Charts shall identify the Project Personnel according to the
TENDERER's standard classification. Such identification shall also be used
for EXHIBIT B - Time rates. The main caregories of personnesl identified m
EXHIBIT B shall also be used to idenrify the key personnel.

. The list of Key Personnel which would be committed to the CONTRACT (in
accordance with EXHIBIT K) together with the associared resumes. The
norunated personnel shail be capable of constinting a team of compatible,
motvated, gualified and experienced personnel of the appropriate skill-mix.

B3 PLANNING AND SCHEDULING

Thus secnon shall comprise :

. TENDERER's proposed Prelmminary Work Time Schedule being a time based,
logic-linked bar chart presented i accordance with the Level 1 schedule
requuements set out in EXHIBIT G, and showing a total of not less than 100
activities and covenng the entire peniod of the WORK, incorporating :

. the assumed EFFECTIVE DATE and major Milestones, stated in
EXHIBIT C,

. all engineenng, procurement, fzbrication, erection, comstruction,
precommussionmg and commissioning activities for all major elements,

. main interfaces with other contractors.

. EXHIBIT C, with TENDERER's proposed Milestone dates imserted where
requesizd.

. TENDERER's proposed time-scaled manpower histogram for each phase of the
WORK
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months or more) as well as the schedule for placement of orders for these items
to meet the overail time schednie,

o TENDERER's plaoming and progress contro! procedures, inchuding services to
be provided, description of planming and scheduting organisation and duties of
nominated persommel, mterfaces with other fimctions, etc,

. Demiled progress measuremem formmias/mechanian for dewermiming the
progress achieved in respect of the engmeering, procurement, constructon and
commissioning phases of the WORK. Such formmiae/mechanism shall be based
upon the principles set out in EXHIBIT G.

. A set of physical progress curves planmed by TENDERER for engineermg,
purchasing, deliveries and consruction phases of the WORK.

B.4 COST CONTROL

This section shall comprise TENDERER's cost conmrol proposals covering :

. Fina] cost forecasting, commuitments follow-up,

. Progress reportng, based on physical progress, including proper identification
of ourstanding works.

. Description of Proposed method for haadling changes in the work.

. Derailed procedure for cost control and reportng (withim CONTRACTOR's

organisation, and for that which will be passed on to COMPANY) inciuding
. sample formars. .

B.S REPORTING

This sball comprise sampie formats relating to pmjcct reporting, mcluding format :
» monthiy and weekiy progress reports

purciiase status and material stams Teports

HSE reports

planowng, scheduling and cost control reports.

quality assurance and quality control reports.

B.6 HEALTH. SAFETY AND ENVIRONMENT PLAN

Within this TENDERER shall provide s plan for ensuring that the CONTRACT
requirements for health, safery and the envirenment as set out in EXZIBIT L are met
throughout  the  engineermg,  procarement,  construction,  smilaton,
precomrussioning and commissioning of the WOREL

TENDERER shall provide his health, safety and environment policy and procedures

appiicable to the design and construction phases and plan for design and construction
safery reviews and control.
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QUALITY MANAGEMENT PLAN
TENDERER shal] inclide with this section the following documents :

. Quality Assurance Plan: A representative Quality Assurance Plan or outline
of a Quality Plan which describes the organisation and procedures to be used
for control of the WORK, and how compliance with the requiremnents of the
CONTRACT will be achieved TENDERER shall 2iso sabmit 2 description
of the Procedure to be established for updazing such Plan.

. Qualificaions of QA/QC and Inspection Persompmel: The numimum
educanon, taining and experience for each proposed positon within the
QA/QC and inspection organisarion aiong with an evaimation of the mmmber
and duration of all QA/QC positions required for the WORE.

A preliminary QA Programme.

. A plan for approving welding procedures and welder qualifications.

. TENDERER's Quality Manual including corporate objectives and policy
satements, and covering :

- QA/QC organisation and persommel.

- Contol of engineering and design, including design change control
and control of VENDOR documentation.

- Qualification of VENDORS and SUBCONTRACTORS.

- Contol of WORK by VENDORS and SUBCONTRACTORS,
mchuding audits of quality assurance systems and procedures and

. idennfication and control of non-conformance.

- Posiuve material identification, alloy verification.

- Qualiry Control inspection of equipment, materials and field
consgucton.

- Preservation, packing and long term storage of equpment and
marerials.

- Other aspects of QA/QC.

TENDERER shall iderafy all VENDORS where 1t intends to have represenmtives upon a
part-ume or full time assigmment basis. TENDERER shal] submit a2 tenmtve
programyschedule for this WORK.

COMPUTER SYSTEMS

TENDERER shall provide full details of the extsnt to which CAD is proposed to be

used for the WORK.

TENDERER shai] provids the following details of its in-house compurer facilities and

software applicanons, ciearly indicating its capacity, and previous sxperience and that

of its personnel in the vanious applications.

. Computer Facilities : a demiled description of the compurer facilities
envisaged for the WORK. The informadon shaill mchude the type,
manufacmrer, size, capacity and descripton, as applicable.

. Sofrware applicanons : TENDERER shall provide detailed information on
' all software applications that it plans to use for the WORK.
. Informanon Management : TENDERER shall provide details on how it

miends to manage and control clectronic data to ensure mtegrity and to
maximise 1ts availability to all users throughout all phases of the WOREL
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integration of the above systems and the ability to transfer data between
systems. )

. TENDERER shall confirm that its system can handle the conversion to
AUTOCAD 13.

B9  WORK EXECUTION PLAN

TENDERER shall submit a comprehensive write-up on how be imtends to exccute the
WORK, clearly idenrifying the sources of technical data and methodology of design,
codes, standards and specifications and procedures to be applied to all phases of the .
WORKL

‘The Exccution Plan sha[l inchade :

¢  Source of technicai data and general engineering information for each major area or
discipline.

. Compmhmvchmgofcodu,sﬂnda:ﬂs,speczﬁmummdpmoeﬂnumbcuscd
for the execudon of the WOREL

o TENDERER's selected design approach in the event that the Basic Engineering
Package indicates any optional work

B.10 ENGINEERING

This shall comprise :
. Demails of approach to engmeering management inclnding interfaces
berween disciplimes.

Description of TENDERER's design and engineering procedures

Plans for safety and technical reviews.

Description of drawing and document control system, with samples, which
the TENDERER proposes to use for the WORK.

. Plan for co-ordination of muliti-locatiop activities and for commmmications
berween locanons incliding spoken, drawings, documentation and ejectronic
daa
Procedure for material take-off and spare parts reconmendation.

Procedure for incorporating safety mto the PLANT design, including design
safety policy and safety reviews.

Plan for mobilisation to ensure fast start of engincermy activinies.

Proposed handover plan inchiding system definition and documentation

Plan for expediting and quality comrol of SUBCONTRACTOR, inciuding
VENDOR, engineering. _

. Scope of SUBCONTRACTOR's and VENDOR's engineering. TENDERER
shall define to which extemt CONTRACTOR will complete drawings and
specifications for items such VENDOR engineered packages, and piping
fabrication, and to which degree will SUBCONTRACTOR's or VENDOR's
exgmeermg be reviewed for such items,

. Copy of each smandard form, chart or list which TENDERER proposes to use
for the WORK, with a description of its functions and relationship within the
engimeering procedure.
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Thus shall comprise :

e  proposed procedures for purchasing 2nd material commrol  of

CONTRACTOR-fumnished materials mcluding warehousing, receipt,.storage
* - and issue of materials.

. Approach for ordering and controlling procurement imcluding interface
armangements between procarement and engineering acnvities.

. Strategy for purchasing equipment, materials and services in Venszuela and
estimated Venezuelan conrent,

. TENDERER's procedure for assessing manufacturers’ capabx'hty and
capacity and for maintaining up-to-date VENDOR list.

. Material sourcing plan which describes the following:

J Whether materiat will be imported or procured locally.

. Name and location of material vendor,

) Procurement lead time for each material; the above material
sourcing plan shal]l mclude the direct materials and consumables
such as explosives, detonators, etc..

. Expediting plan incheding vendor data,

. Inspection and testing pian.

. Sample forms.

. TENDERER's organjsation and procedures for purchasing, expediting and

inspection of equipment, marerials and spare parts, and for material control
in the field and module fabrication yards.
) Plan for standardisation of materials.

B.12 CONSTRUCTION

This shall comprise :

. Mobilisadon plan for construction personnel, construction equipment, temporary
facilines, etc.

. . Logic and sequence of construction .actvities in differsnt areas, m pamcular
in relation to modularisation, and Beavy transportation and erection.

. Tomwl construction manhowrs together with the manpower loading (direct

labour) and staff loading (indirect labour) for the duration of the WORK and
the entire construction schedule,

. Availability and source of manpower resources needed, inciudmg separate
histograms on a month by month basis for supervisory and admmistragve
personnel, subcontract persomnel, craft persomnel,  VENDOR service
rerresentatives, engineers, home office personnel visitng the SITE.

. Plan for early esmblishment of t=mporary constuction facilities mcjuding
access by sea and by road, camp and related unlines.
. Temporary facilities envisaged and their layout, outline of storage facilities

to be used, type of warshouse and size, yard and laydown arsa, customs
receiving area, etc., mchuding haul roads, lighting, underground services,
drainage, material storage, equipment maintenance facilities, buildings,
offices, laydown, storage, material offloading, power and water facilines.

. Labour tzining,

. SITE Secunty in relation to the WORK performance.

. Safety, including policy, procedures, audits relatng o CONTRACTOR and
SUBCONTRACTORS.
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Training organisation.

List of construction equipment proposed and source of equipment.

Field materia] comrol.

Any propesals for free-issue by CONTRACTOR ofmamlsmpxpmg,
prefabrication and modnule yards.
Disposal of construction debris, . _
Disposal of surplus materials.
Respect for the covironnest. -
Plan and procedurs for heavy lifis, inciuding suitability of heavy lift

equipment.

) Plan for modularisation, including configuration of modules, weights and
sizes together with the reduction in stick built manhours on SITE which will
result. TENDERER shall also indicate the Onshore and Offshore module
shops which are proposed to be used.

Scaffolding proposals. -
Construction craft productivity estimate.

Plan for dealing with SITE labour unions, inciuding for the administration of
the STTE labour agreement,

B.13 COMMISSIONING

This skall comnprise :

e Definition of lines of responsibility between CONTRACTOR and COMPANY

e  Procedure, plans and systems o be used for Commissioning up to Ready for Start-up
and for Handover.

in accordance with the requirements of the CONTRACT, including the following

COMPANY specificanions and proceshures :

« MD-COM-01

SP-COM-511

SP-COM-512

SP-COM-513

SP-COM-514.

B.14  SHIPPING PLAN

This shail comprise :

. List of Materials and/or Construction Equipment required to be imported or
transported.

o Description of transportation procedure that which would be applied and

details of specific measures which wouid be undertaken to organise and co-
ordinate the execution of the Trapsponaton activites in respect of the
WORKL |
. Any proposals for engagmg a freight forwarding SUBCONTRACI‘OR and
supervision of its activities.
Proposal for the use of a Marine Warranty Surveyor, if required.
Customs clearance pian.
Port(s) of exar
Pon(s) of entry and local transportation.
Details of unloading, incinding lighterage and wharfage if required.
Proposed marshailmg plan.
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Y Pmposed modulctranspormnonplans including use”ofex:stmgandpmposed

docking facilities,

SUBCONTRACTING
This shall comprise :
. information regarding proposais for Subconna:ﬁg the WORK, mciuding :
. Plan for mamagmg SUBCONTRACT OR. WORK mciuding safety,

quaiity and progress. .
. name and registered address of proposed SUBCONTRACTORS,
mciuding VENDORS,
. detziled description of any WORK to be subcontracted, both in the
workshops and the field. -
=  approximate value of such WORK,
. address of yards or facilities where such WORK is to be undertaken,
.. manpower denils and histograms.
. Assurance of SUBCONTRACTOR compliance with Venezuelan
labour laws.
. Plan to ensure that SUBCONTRACTORS are meering quality requirerasnts.
. Example of sub-contract form.
DOCUMENTATION
This shall comprise :

* procedure for preparador. dismibution, control of documents for each phase
»  procedure for preparation and issue of FINAL DOCUMENTATION at handover.

PROCEDURES

TENDERER shall submit 2 lisnng of all of the procedures and an mdex of the content of
each procedure which he proposes to use for the performance of the WORK. The
procedures shall cover all aspects and all phases of the WORK, inciuding execution and
co-ordinaton. The lisung and index shall include the following :

e Quality assurance and quality conmol inchuding checking (including Corporate
Policy and'Procedure Manuals)

Detaiicd design including material take-offs

Purchasing

Expediting

Inspecnon

Traffic

Spare parts procurement

Subcontracung

Labour productivity measur=ment and control

Physical progress measuremem

Cost esnmamg for CHANGE ORDERS

Health. Safety and Environment

Documentaton, and security of docurnentanion

Consmucton

Field Safery
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TRAINING

TENDERER shall submit his detailed proposal for a Traming Program for

COMPANY personnel, upon which his proposed corresponding hmmp sum price
stated in EXHIBIT B is based.

This shall cover Trammg :

e in VENDOR shops and on SITE by VENDOR Representatives for the purposes
of equipmen: mamtenance,

e m CONTRACTOR Home office and on SITE for the pwrposes of PLANT
operation.

The"rogmmshaﬂcovcrmmmgmthcmammmnccandopmonofaﬂPLA}?r
main equrproent jtems.

The proposal shall identify the number of sessions together with the mumber of
Trainess.

MODULARISATION

TENDERER’s base proposal shall be based upon maximising modularised construction
of the PLANT, in respect of which COMPANY has included in the DESIGN DOSSIER
the “Modularisadon Study Report” prepared by Foster Wheeler. The intent behind the
requirement for modularisation is to reduce the pressure upon labour resources at the
SITE, by shifuing WORK of key crafts from the field to fabrication yards.

In determuning the type of modules, the benefit of modu.lznsmg ftems (such as pipe
racks) shall be carefully assessed.

TENDERER is free to determune the type, size, weight and number of the proposed
modules, but will be fully responsible for the fabnication, loading/unioading
transpormaton and mstallanon of such modutes. Inabiliry t handle the moduies at any
locanon whatsoever shall not epntle CONTRACTOR to CONTRACT PRICE and/or
scheduie compensanon.

TENDERER shall submut details of pordons of the WORK which he is proposing to
modulanse.

" In addidon to the proposal based upon the saximisation of modularisation, TENDERER

may propose altermatves based upon a lesser degree of modularisation or even stck-
building (as provided for in item B.26 below). Although the base proposal shail be based
upon maxirnum modulansanon, COMPANY reserves the right to adopt the base proposal
or any alternanve as it deems fit.

TENDERER is free to subcontract module fabrication worldwide, on the understanding
that Venezueian yards shall be provided equal oppormumiry. . !

it ) ’ Rev 1nd February, 1998



B.21

B.22

B.23

Page 30 of 42

omnmm CDerT
moczssmmmrmm

CAMP FACILITIES DESCRIPTION

This section shall comprise drawings together with a full descripion of
TENDERER s proposed camp and copstraction faciliries, including infrastructure and
associzted utilities.

TELECOMMUNICATIONS

TENDERER shall submit within drs section :

e  details of its Teiecommmications proposals for the construction phase
details for design of the PLANT Telecommuumications
a prelimimary file to assist COMPANY in ensuring proper definiton of the
requirements that are to be requesied from locat Telecommmmicanon Aythontes.

GUARANTEES

TENDERER shall pr;ovidc process, mechanical and energy consumption guarantees as
stated below (refer to EXHIBIT D for a full description of the requirements) :

Process Guarantees :

TENDERER shall specify the capacity, yield and stream quality guarantees for the non-
licensed unirs (Desalting Crude Distillation Unit, Vacuurn Distllation Unit and Utllites
Facilities).

Mechanical Guarantees

TENDERER shail mechanically guarantee the 18 months from Provisional Acceptance,
ot 24 months from Mechanical Acceptanes, whichever is carlier.

Energy Consumption Guarantee

TENDERER shall submur his proposed Energy Consumpnon Guarantec (including
utilines and fuel consurnption) for the PLANT, based upon the techmcal proposal within
his TENDER.

TENDERER’s guarantee proposals shall include specific guarantes levels and the

method and procedure for measurement and reporting on performance.

TENDERER'S OTHER COMMITMENTS

TENDERER shall submit within this section 2 tabuladon showing TENDERER's
current and projected work-load as of the TENDER due date and forecast of work-
load throughout the CONTRACT period. All projects shall be individnally identified
by location and name of client.

TENDERER shall also provide a tabularion in the amached format showing current
staff levels, leveis projected for the 20th August, 1998 and peak requirements. The
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tabalation shall be provided for ail iocstioss in which the CONTRACTOR will be
performing the WORK.,

PERSONNEL CATEGORY CURRENT PROJECTED PEAK
20TH AUGUST, | REQUIREMENT
1998 UNDER THE
‘ CONTRACT

Projéa Organisation

Project management/cngineering

Plannmg/scheduling

Schedule control .

Cost estumating

Cost control

Material control

Home office consmuction management

Quaiity assurance/quality control

Safety

Production Engineering

Faciljty piannmg

Design and drafting

CADD operators

Specialist engineering

Process

Mechanical

Piping

Elecrical

Instmumenznoon

Controij svstams

Heart exchange

Fumace

Civil

Rotatng equmpment

Vessels

Environmental

Architectural

Procuretnent

Purchasing

Inspection

Expediung

Consruction management

Sentor site management

Field planningscheduiing

Field cost estmating

Field cost conuol

Field warehousmgs/matenial control

Site safery and secunty

Qualitv controi
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Field engineering

Fieid engmeermg

Field purchasing/contract admin

Purchasmg

Shop inspection

Expedinng

Subconmacung

Field snpervision

Constuction Supervision

Site mspecton

Any addirional categones 1o be inserted
by TENDERER :

LTI

B24  TENDERER’S PREVIOUS EXPERIENCE

TENDERER shall submit within this section a tabulation showing TENDERER's
prsvious experience upon projects of the same or similar natmre to the subject

WORK. The tabularion shall inciude :
e  adescription of the work,

e locaton,

s client,

e value,

s  date completed.

. — - A

25. QUALIFICATIONS
The TENDER 1s required to be made in strict accordance with the technical and commercial
requirements of the TENDER DOCUMENTS.

Quaiifications may only be made in relation to items within the TENDER DOCUMENTS which the
TENDERER feels tnable to comply with under any circumstances or at arry price. If the TENDERER
wishes to make any qualifications this must be done by listing the full details of each qualification,
statng the reason for the qualificaton.

Qualificanons must be distinguished from Alternarives. If TENDERER is prepared to carry out and ¢an
price a requirement, but would prefer an offered Alterpative, TENDERER mmst price the requirement
and not quaiify the TENDER: but in this case TENDERER may,.at its option, suggest an Alternative as
described for sechon B26.
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TENDERER'S QUALIFICATIONS TO THE TENDER
DOCUMENTS

This Table lists all of TENDERER's Qualifications
to the TENDER DOCUMENTS

TENDER Description of Qualification, Reason
DOCUMENTS inciuding suggested modification for
Reference to the TENDER DOCUMENTS Qualification

Page 33 of 42 it Rev 2nd February, 1998



Page 34 of 42

This section shall comprise any alternative(s) TENDER proposed by TENDERER to the technical
requirements set-out within the TENDER DOCUMENTS. TENDERER mmst set out the precise details
of both the original requirement and the suggested Alternative(s) together with the reason for the
Alternative(s) the effecy, if any, on the delivery schedule and withm section A.9 any impact upon the
prices, rates and other requirements of the TENDERER DOCUMENTS if the Alternative(s) were to be
accepted by COMPANY. Any matters detailed as Alternative(s) must be clearly distinguished from
qualifications; Alternatives do not affect the base offer made by the TENDERER i the TENDER :
they are complete altematives to that offer. '

Alternatives should not challenge the broad concepts of the TENDER DOCUMENTS but should
reduce the TENDER price or improve the schedule or operaning economics while still meeting the
technical requirements of the CONTRACT. Alternarives shall be presented in a manmer which enable
COMPANY at its option, to accept oF reject any such proposed Alternatives,
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FORM OF ACKNOWLEDGEMENT

-

Attention: Mr. A. de Chezelles

Sobject : CONTRACT NO C-D-01-1
TENDER DOCUMENTS - PROCESS AND UTILITIES PACKAGE

Dear Sir:

We acknowledge receipt of your Invitation to Tender and the TENDER DOCUMENTS for the above-

mentioned work, and are in receipt of all documents listed thersin. -

(*)  We hereby accept to respond to your inviration and to submit our TENDER no later than the
closing date and we agree to comply with your mmstuctions to TENDERERS.

™ We hereby decline your invitation, and will return forthwith yoor TENDER DOCUMENTS, all in
accordance with your instructions to TENDERERS.

™ We hereby nominate Mr/Ms .............. ey 1 OO e, fax Do as
our contact for this 'I'ENDER.

Yours faithfully,

For and on behalf of:

(*) Delete as applicable

To be submined to Mr. A.deChezelles by telefax (1) 908-730-5400, and confirmed by letter to the
following address :

c/o Foster Wheeler USA Corporation
Sincor Downstream Project

P.O. Box 4993

Clinton, New Jersey 088094000
USA
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's;mcomomcr
CONTRACT NO C:D-01-1
“PROCESS:AND UTILITIES PACKAGE: ..’
APPENDIX 2

FORM OF PARENT COMPANY GUARANTEE

Ref: SINCOR PROJECT

Dear Sirs:

CONTRACT NO C-D-01-1, FOR THE PROCESS AND UTILITIES PACKAGE

L.

1.1

12

With reference to the accompanying TENDER for the above CONTRACT, we, as(b) ... .. .. 's
ultimate holding company do hercby emer into the following unconditional and irrevocable
undermkings with .. .. ... (a), (heremafter referred to as “COMPANY™), and the Participants m
the “Operacion Mancommada”, that on condition that COMPANY enters imto CONTRACT with
...... (b) for the above subject and in consideration of the same:

....... (b) shall perform all his obligations contained in the said CONTRACT, and,

If...... (b) shall in any respect fail to perform th: said obligations contained in the said
CONTRACT or comnmits any breach thereof, we shall ourselves perform on the simple demand by
COMPANY or take whatever steps may be necessary to achieve performance of the obligations
under the CONTRACT of . ... . 4 (b) and shall mdemmify and keep indemmified COMPANY and
the Participants in the “Operacion Mancomunada™ agamst any loss, damnages, costs and sxpenses,
for which...... (b) may be liable thereunder, howsoever arismg from the said failure or breach.

We shall not be discharged or released from our underakings hereumder by any waiver or
forbearance by COMPANY whether as to payment, time, performance or otherwise.

This guarantes shall be unconditional, mrevocable, without benefit of discussion and shall
continue unti} all . ... .. (b}'s obligations under the CONTRACT have been performed,
notwithstanding:

- any alterations or additions to or deletions from the CONTRACT and/or

- any modificanons in the sharecholdmg reladonship berweenusand . . ... (b) and/or

- any assignment in accordance with the CONTRACT.

The expression CONTRACT shall have the meaning ascribed :o it i the AGREEMENT.
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5. This document shall be construed and take effect in accordanre with the laws of England and any
procecdings for emforcement shall be brought before the High Court of Justice in London,

Title:
Date:

" (a) Name of COMPANY

(b) Name of TENDERER

(¢)°  Delete AGREEMENT or GENERAL CONDITIONS OF PURCHASE as relevant

(d) Common seal of signamire of TENDERER’s nitimate holding Coropany of such formalites as
may be required under the law or articles of association w render a unilateral promise bmding on
TENDERER's ultimate hoiding Company. Each page (other than signature page) to be duly
nitialled. .
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(BANK GUARANTEE)

L We, the Undersigned (1}...... (beremafter referred to as GUARANTOR), estabimhed ar(2)..
..represented by (3) .. . ... , have takea notice of the TENDER. .. .. .. s
submmitted by (4) . ... .. whose registzred office isat (5) . .. .. - (hereinafter referred to as
TENDERER)

O~ GUARANTOR hereby guaramrees the doe performance by TENDERER of TENDERER's
obligations under the TENDER DOCUMENTS.

. If TENDERER fails to comply with any of his obligations under the TENDER DOCUMENTS
and/er if TENDERER withdraws said TENDER withm the period of validiry of his TENDER
and/or if TENDERER fails after receipt from COMPANY of notice of award to exnter into the
CONTRACT with COMPANY, or to provide a Performmance Bond i accordance with
CONTRACT requmements, they GUARANTOR hereby mrevocably undertakes on behalf of
CONTRACTOR to pay o COMPANY on first demand any sum or sums not exceeding
USD.

Iv. Each demand by COMPANY for paymsmt under this Guaranwee shall be made i writing
(including telex or cable) to the following address:

GUARANTOR shall promptly notify to COMPANY any change in the above address.

V. Each demand under paragraph IV above shall indicate the breach of TENDERER's obligations as
notified to TENDERER by COMPANY.

VL GUARANTOR shall make payment hereunder on first demand withour restriction or condigons
and notwithstanding any objection by TENDERER. GUARANTOR shall not require COMPANY
to justify the breach indicated in its demand for payment, por shall GUARANTOR have any
recourse against COMPANY in respect of any payment made hereander. :

VIL No alteration in the terms of the TENDER made by agreement between TENDERER and
COMPANY shall in any way release GUARANTOR from all or any part of its labiliies under
this Guarantee.

VII.L. GUARANTOR shall pay any sum dermanded by COMPANY hercunder within fifteen (15)
calendar days after the date of receipt of COMPANY"s demnamd.
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=X ThmGWshaﬂbcvahdforonehmdndandﬂﬂy(lSﬂ)al:ndardaysﬁnm clomg
date for the TENDER and in the evenmt that TENDERER is notified of the award of the
CONTRACT by COMPANY it shall in addition be vaiid until signatmre of the CONTRACT by
TENDERER and COMPANY and the approval by COMPANY of the Performance Bond for the
CONTRACT.

54

The expression CONTRACT shall have the meaning ascribed to it mn the formn of AGREEMENT.

XL This Guarantee shall be interpreted in accordance with the laws of England and any proceedings
for enforcement shall be brought before the High Court of Justice mm London, Engiand

X1 GUARANTOR represents that this Guarantes has been established in such form and with such
conmntd:arxtnﬁaﬂymdﬁeciymformbkagnmsCKJARANTORmﬁmmmmpmndedm
paragraph XI above.

(Common Seal of Signature of GUARANTOR or such other formality as may be required under the law to .
render a unilateral promise binding on the GUARANTOR).

(n Name of the Bank proposed by TENDERER to be approved by COMPANY
(2) Address of Bank

3) GUARANTOR officer’s name and quaiity

(€))] Name of TENDERER

(&) Address of office of TENDERER

(5) Name of COMPANY

¢)) Address of COMPANY

8) References title and purpose of the call for TENDER

(9) In figures and letters

(10) Bank address for notices
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(To be included in the Commercial Proposal, Section A2 hereinabove)

To: FOSTER WHEELER USA CORPORATION
' SINCOR PROJECT
PERRYVILLE CORPORATE PARK
CLINTON
NJ 08809
USA

Attention : A.de Chezelles

SINCOR PROJECT, CONTRACT C-D-01-1
PROCESS AND UTILITIES PACKAGE

Dear Sirs,

1. Having examined and noted the TENDER DOCUMENTS, ie.:
e Inviraton to Tender
e Instuctons to Tenderers
e Formof Agre:mcm, together with

Annex 1 Form of Bank Guarantee
Annex 2 : Form of Final Account Certificate
Annex 3 : Indernnity and Waiver of Recourse Agreements
Annex 4 : Liabiliry and Insurance Agreement from Subcontractors’
Annex 5 : Construction All Risks Policy Summmary
Amex6 Form of Contractor’s Parent Company Guarantes
Annex 7 : Form of Assignment Agreement
Annex 8 : Form of Certificate of Endorsement of Design Dossier
Amnex 9 : Form of Interim Certificates
Annex 10 Form of Provisional Acceptance Certificare
Ampex 11 Form of Final Accepumee Certificare
Anmnex 12 Labour Agreement
s ExhibitA Scope of Work
e ExhibitB Schediile of Prices
e ExhibitC Work Time Schedule ’
e ExhibuD : Performance Guarantees
e ExhibtE : Design Dossier
e ExhibitF Particular Conditions for Pc:'formzncc of the Work
e ExhibntG Co-ordination Procedure
e ExhibitH Quality Assurance and Qualiry Control
e Exhibitl Conmpany Items
e Exhibit] - List of Subconmactors and Vendors
e ExhibitK Contractor's Organisation and Key Personnel
e ExhibitL Health, Safety and Envirooment

" And considering the Technical Proposal submirted separately as specified in the Instructions to Tenderers,
we undermake to carry out the WORK and perform all services and obligations described i the TENDER
DOCUMENTS i accordance with the conmacmal dates stated i EXHIBIT C forming part of the
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ATTACHMENT I

ALL-IN WAGE RATE AND ALL-IN SUBCONTRACTOR RATE BUILD UP
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EXHIBIT C

WORK TIME SCHEDULE
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WORK TIME SCHEDULE

GENERAL

The CONTRACT shall commence, or be deered to have commenced, upon the EFFECTIVE
DATE, and shall continue, sabject to the provisions of Articles 49, 50 and 51 of the
AGREEMENT, until completion of all of the WORK hereunder.
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2

WORK TIME SCHEDULE

ITEM

MILESTONE

21

EFFECTIVE DATE.

22

Dare for subrmission of Detailed Work Time Schedule.

Within 30 days after
EFFECTIVE DATE

23

Date for commencement of mobilisztion m STTE.

=%

2.4

Completon of all of the WORK necessary m order for
COMPANY to issne the final READY FOR START UP
CERTIFICATE in respect of the DCS, including for the
Technical Rooms and Cental Control Room.

1st August, 2000

25

Completion of all of the WORK necessary in order for
COMPANY to issye the finai MECHANICAL COMPLETION
CERTIFICATE m respest of the Utilities, includmg all
associated intercannecting pipework.

1st March, 2001

2.6

Completion of ali of the WORK necessary in order for
COMPANY to issue the final READY FOR START UP
CERTIFICATE in respect of the of the Utiliries, inchuding all
associated mtercommecting pipework.

1st April. 2001

2.7

Completion of all of the WORK pecessary in order for
COMPANY to issue the final MECHANICAL COMPLETION
CERTIFICATE in respect of the Process, including al
associated interconnecting pipework.

1st June, 2001.

2.8

Completon of all of the WORK necessary in order for
COMPANTY 1o issue the final READY FOR START UP
CERITFICATE m respect of the of the Process, including all

associated interconmecung pipework, bemg COMPLETION
DATE.

1st August, 2001

2.9

Subrnission of all remammg FINAL DOCUMENTATION.

Within 30 days

followmg
COMPLETION DATE

the 20th August, 1998
**Proposed dates to be inserted by TENDERER

Pagelof4

*For the purposes of preparation of his TENDER, TENDERER shall assume an EFFECTIVE DATE of

Rev 2od February, 1998




- SINCOR‘PROJECT . -
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3. CONTRACTOR’S PRELIMINARY DETAILFD WORK TIME SCHEDULE -

(TENDERER's preliminary schedule to be inserted in any eventual CONTRACT)

SE

<,
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UNIVERSIDAD NACIONAL AUTONOMA DE MEXICO
FACULTAD DE INGENIERIA
DIVISION DE EDUCACION CONTINUA

LAS PRESAS DE ALMACENAMIENTO
GENERALIDADES

ing. Macario Vega Pérez
México, D.F., junio de 1999.



LOS ESTUDIOS EN LOS PROYECTOS CIVILES DE OBRAS
HIDRAULICAS ENCAMINADOS A PRESAS DE
- ALMACENAMIENTO.

Las obras de ingenieria, requieren de un minimo de informacién
basica para su dimensionamiento y elaboracion de su disefio
tanto de la obra en si, como de su cimentacion.

. En lo que se refiere a obras hidraulicas y especialmente a presas
de aimacenamiento, independientemente de su magnitud, se
requieren estudios perfectamente definidos y detallados para su
localizacién, concepcién, arreglo general, (emplazamiento de
estructuras), dimensionamiento, disefo y construccion.

En general se requiere:

1. Topografia de vaso y boquilla a escalas apropiadas.
2. Estudio Hidrologico de la corriente.
3. Geotenia
La ingenieria geotécnica se clésifica de la siguiente manera:
' a) Geologia Aplicada a la Ingenieria
b) Mecanica de Rocas (macizos rocosos)

c) Mecanica de Suelos (depésitos sueltos y suelo
residual)

d) Geofisica (sismica, eléctrica)

4. Estudio Especifico de Bancos de Materiales
5. Impacto ambiental (explicar).



LOS ESTUDIOS

TOPOGRAFIA.-

La topografia nos representa en un plano, la forma que tiene el
terreno natural en Ia zona donde se pretende el proyecto.

Partiendo de una topografia detallada, a escala adecuada segun
el caso, se afina la localizacion de las obras, especialmente la
cortina; y también se obtiene la Grafica Elevaciones-Capacidades
del Vaso.

Ya la forma topografica de la boquilia, nos da los primeros
indicios del tipo de cortina adecuada a ila misma.-Se hacen
esquemas de localizacion de las partes que mtegran la presa para
tener idea del proyecto.

td



HIDROLOGIA.-

Como requisito indispensable se debe contar con un estudio
hidrolégico para conocer el régimen de la corriente por
aprovechar y el volumen de agua con que se cuenta, que
demanda se puede satisfacer segun el objetivo del
aprovechamiento y con ello, determinar la capacidad (itil
necesaria en la presa, que sumada al azolve probable, dara el
volumen al NAMO, a esto se le denomina "funcionamiento de
Vaso”.

Como complemento de lo anterior, se debe realizar un Estudio de
Avenidas para determinar el maximo gasto de entrada al vaso de
la avenida maxima probable asociada a un periodo de retorno y el
gasto maximo de descarga al transitar por el vaso y mediante
obra de excedencias determinada; esto nos da como
consecuencia, la necesidad de contar con un volumen disponible
para la regulacién, que sumado al volumen util y al de azoives,
nos dara el volumen total o capacidad total de la presa (NAME).

Lo anterior se conoce como "Transito de Avenidas".
Ademas, habra que calcular el B.L, que sumado al NAME, dara la
elevacion de la corona de la cortina.



GEOTECNIA

a) Geologia aplicada a la ingenieﬁa.-

La geologia aplicada a la ingenieria civil, en el caso de presas,
permite estudiar el comportamiento estructural y las
caracteristicas de permeabilidad de las formaciones
geoldgicas en el vaso, la boquilla y las laderas.

Las fallas, los . plegamientos, los estratos, los aparatos
volcanicos, los derrames lavicos, el grado de alteracion de las.
formaciones y su origen, interesan durante la etapa de
estudios previos al disefio de las presas.

Una vez ubicado el eje de la cortina que es lo mas importante,
desde el punto de vista topografico y de geologia superficial,.
se procede a elaborar un Programa de Sondeos con la
localizacion y profundidad que se pretenda de cada uno.

Los Sondeos se especificaran si son verticales o con alguna
inclinacion, con recuperacién de muestras y pruebas de
permeabilidad. '

Se vaciara la informacién de cada sondeo en un plano donde
se anotara-el % de recuperacion y la calidad de la -roca
mediante la observacion de los nucleos obtenidos.



b) Mecanica de Rocas.-

La estabilidad de laderas en vaso y boquilla, generalmente
formadas por macizos rocosos, es materia de Mecanica de
Rocas, otra rama de la ingenieria geotécnica de utilidad en
estudios de mas detalle.

Esta disciplina también aporta herramientas para diseiar los
tratamientos de inyeccion para impermeabilizar boquillas,
localizar y explotar eficientemente bancos de roca para
construcciéon de presas o para producir agregados de
concreto, asi como la técnica adecuada para excavar tuneles y
galerias dentro de un macizo rocoso.

c).-Mecanica de Suelos.-

Como parte también de los estudios detallados, la Mecanica
de Suelos permite investigar las propiedades, indices y
mecanicas de materiales térreos (limosos, arcillosos o
mezclados con granulares), aptos para el nicleo impermeable,
transiciones y respaldos en el disefio de secciones de cortinas
de las presas de "materiales graduados", asi como agregados
para concretos. ‘ "



d) Geofisica.-
Finalmente la Geofisica significa gran ayuda para conocer Ia
potencialidad de bancos de préstamo de arcilla y grava-arena,
lo mismo para determinar espesores de acarreos en lo cauces
de los rios o0 para determinar espesores de limpias y
elevaciones de desplante de cortinas.

Con la diferencia entre la elevacién de desplante y la elevacion
de la corona, se tendra la altura total de la cortina en su
seccidén maxima.

4.- Estudio Especifico de Bancos de Materiales.

e) De material impermeable (arcilia)
f) De grava arena
g) De roca

Esta misma disciplina de la ingenieria geotécnica se ocupa de
localizar e investigar bancos de materiales, con la guia del
geodlogo, tanto para el nidcleo como para los filtros y transiciones,
interactuando simultaneamente con el proyectista para
seleccionar los sitios y procedimientos de explotacion mas
economicos.

5.- Impacto Ambiental (explicar).



PROYECTO EJECUTIVO.-

Una vez contando con la topografia, el estudio hidroloégico, el de
Geotecnia y el de Bancos de Materiales, ya es posible
dimensionar la presa y proponer un tipo de cortina, de obra de
desvio, de obra de toma y de obra de excedencias; se empezara
por realizar esquemas, luego un anteproyecto y asi llegar a definir
un Proyecto Ejecutivo con planos constructivos,
especificaciones, catalogo de conceptos de trabajo con
cantidades de obra y un "cronograma de construccion”. Este
cronograma o programa de construccion en el caso de las presas
es muy particular ya que debera estar supeditado al régimen del
rio y no al arbitrio de los constructores.

(ampliar explicacién verbal).



co RTI NA.'

Una presa de almacenamiento se integra de las
a) Cortina

b) Obra de desvio

¢) Obra de excedencias

d) Obra de toma.

La cortina es la parte principal y se define co
construida en un estrechamiento del cauce

siguientes partes: .

mo una estructura
de una corriente

llamada “boquilla” que al interceptar los escurrimientos provoca
una almacenamiento, a esto se le denomina presa.

De arco

{ De gravedadt

Rigidas < Vertedoras

y no
vertedoras

A

kHUEC&S

<

Tipos de Cortina

Enrocamientoq

\Flexibles {De tierra

( {Amoﬁmme

Arco gravedad

( Mamposteria
Concreto ciclépeo
‘Colcreto

{ C.C.R.

, .
Ambursen

Arcos Multiples

. Machones o Contr.

[ Con cara de concreto
Corazén imper. Rigido

Corazdén Imper. Flexib

' Homogénea

) De mat. Graduados.
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Eje delo cortino
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CORTE POR EL EJE DE LA OBRA DE TOMA

Capocidod totol 324 000 000 m
Capocidod de conservacion 250 000 000 m
Capocidod de superctmacenamiento 74 000 000 m
Capacidad para gzolves 25000000 m
Elevacion de l0 corond 121230 m
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Elevocion del nivel minimo de operacion t i64.20 m
Fievocitn del umbrol ¢¢ lg loma 1 151,50 m
Longitud de 16 cresia vertedoro 75 00 m
Gaslo moumo de enirede 4 600.00 mYseq



OBRAS DE TOMA

DEFINICION.

Se |lama obra de toma, al conjunto de estructuras construidas en una presa, con
objeto de extraer el agua en forma controlada y estar en condiciones de satisfacer

las demandas para el fin que haya sido proyectado el almacenamiento.

TIPOS.

‘Hay verios tipos de obras de toma y para la eleccidon de uno de ellos 0 una
combinacion de los mismos, hay que tomar en cuenta una serie de factores que

-dan lugar a su c:asificacién, como sigue:

1. Segun el fin para el cual se destine.
a) Para abastecimiento (Agua potable o Usos industriales)
5) Parariego
c) Para generacion

d) Combinadas o mixtas.

_l\)

Segun su forma de operacion.
a) De opzracidn en ia entrada
b) De aperacion intermedia

¢} De operacion en la salida

(o)

Segun s estructura de entrada.
a} De torre con puente de acceso

b) De esiructura de reiillas sumergida

4. Segun el conducto.
a) De conducto excavado y colado a cielo abierto
b) De tuneles excavados en las laderas

c) Integrado a la cortina.
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5. Segun su estructura disipadora
a) De tanque amortiguador
b) De camaras disipadoras
¢) De concentradores de chorro.
De acuerdo con el Tipo o combinacién de tipos elegidos, sera la forma como

trabajen desde el punto de vista hidraulico y estructural cada una de sus partes.
Ejemplos:

L&



FACTORES QUE DETERMINAN EL TIPO DE OBRA DE TOMA.

Como ya se indicd con anterioridad, existe una variedad de tipos de obras de
Toma o combinacién de los mismos, en presas de almacenamiento. Para la
eleccion del tipo mas adecuado ¢ un proyecto determinado habré que hacer una
serie de analisis que estaran en funcidén de las caracteristicas del proyecto en
cuestion.

En una forma muy general, se puede decir que los factores principales gue
determinan el tipo de obra de toma, son:

Tipo de Cortina

Objeto del aprovechamiento
Gasto de extraccion

Tipo de obra de desvio
Carga disponible
Topografia del sitio
Geologia del sitio

Necesidades de operacion

© ® N O 0 A w0 b 2

Factibilidad econdmica.
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PARTES DE QUE CONSTA UNA OBRA DE TOMA

Las partes principales de que consta una obra de toma, son

a) Estructura de entrada (de rejas y rejillas)
b) Transiciones

¢) Conductos

d) Dispositivos de Control y cierre

e) Disipadores de energia

Funcionamiento Hidraulico.

El estudio del funcionamiento hidraulico de las Obras de Toma, se hace con objeto

de determinar las dimensiones de los distintos elementos que las componen,
como son:

~ Regjillas

-  Estructuras de rejas o torre
- Conductos

-  Lumbreras

-  Compuertas y valvulas

- Estructuras disipadoras

El funcionamiento hidrdulico, debe estudiaise para las distintas condiciones de

trabajo a que vaya a estar sujeta la obra de toma.

En el estudio hidroldgico que sirve de base para el dimensionamiento de la presa
en general, es decir, para determinar las diferentes capacidades de que consta
segun el fin para el que esté destinada, se encuentra la “La Ley de Demandas” de

la que puede obtener el gasto de diseno de la obra de Toma.

Ejempilo:



OBRAS DE TOMA PARA RIEGO EN PRESAS DE ALMACENAMIENTO

l. CRITERIOS ADOPTADOS.

A. Para |a elev. Del umbral.

Elev. * capacidades

e

WIN ¢

» Figl
VAZ \Y%

1. Considerar Ia elevacion correspondiente a una capacidad que varia del 50% al
100% del volumen de azolves, segun la magnitud de la presa (50% para
presas muy grandes y 100% para presas muy pequefnas).

2. Adoptar la elevacion mayor que resulte de :

a) La correspondiente a la mitad del volumen de azolves (50%)

b} Las dos terceras partes de la altura correspondiente al 100% de! volumen
de azolves.

B. Para las Dimensiones_de |la Toma. ~

(conductos y compuertas).

1. Nivel Minimo de Operacion (NAMIN)
Dar el gasto normal, con la carga correspondiente al nivel del volumen muerto
mas el 10% del volumen util (Nivel Minimo de Operacion)

21



2. Se denomina nivel del volumen muerto, a la elevacién que corresponde el
umbral de |la toma en la curva de “Capacidades”.

C. Estructuras de Entrada.
1. Rejillas

a) Velocidad del agua.
La velocidad del agua a través de las rejas no serd mayor de 0.60 m/s.
cuando no tenga la seguridad de que en ningin momento el nivel del agua
baje hasta descubrir las rejas, este valor se puede aumentar, pero en
ningun caso sera mayor de 1.00 m/s.
bj Diserio de las rejas.
. Las soleras de las rejas en se disenan a la ruptura, suponiéndolas

totalmente obturadas y con la mitad de la carga maxima de agua gue vayan

a tener sobre ellas, pero nunca serd mayor que 12.00 m, ni menor que 6.00

- m(Fig. 2)
2- Estructura de rejas. _
a) para el disefic de la estructura que soporta las rejas (estructura de
entrada o torre), se acepta que los esfuerzos admisib‘les se incrementan
en un 50%.

b} En todos los casos, las rejas deberan fallar, con un margen

considerable, antes que falle la estructura que las soporta.

22
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OBRAS DE EXCEDENCIAS (VERTEDORES)

<

La obra de excedencias, viene a ser la valvula de seguridad de una presa ante
avenidas que se presenian i 1as condiciones mas desfavorables como es el caso
en que el almacenamiento se encuentre lieno al NAMO.

Las obras de excedencias se dimensionan para que transite por el vaso la avenida
maxima probable sin que cause danos a la presa por o que su disefo en general
debera realizarse con base aun estudio hidroiégico confiable.

Segun estadisticas a nivel mundial, {a falla de presas de tierra por incapacidad del
vertedor, es de las mas socorridas. '

En este aspecto tambien es muy importante la determinacion del Bordo Libre.

TIPOS DE OBRAS DE EXCEDENCIAS.

Como en todas las estruct»¢ que integran una presa, existen muchos tipos y

combinacion de los mismos en obras de excedencias, que como las cortinas y las-

obras de toma, estan en funcion de una serie de factores que los determinan.

Se han hecho disefos especiales para casos muy particulares como los que sin
tener mecanismos de control, descargan un gasto constante independiente de la
carga hidrostatica (a base de geometria).

‘A manera de ejemplo, enseguida se muestra una serie de variantes que en cada
caso, estara en funcion de: 5

- -Hidrologia
- Topografia
- Geotecnia
- Geologia

- Objetivo del almacenamiento

2g



- Funcionamiento hidraulico

- Operacion.

[ « DE PLANTA RECTA
DE PLANTA CURVA

» CRESTALIBRE
» CRESTA CONTROLADA

OBRA DE EXCEDENCIAS - |-« DESCARGA EN-CANAL -
} + DESCARGA EN TUNEL

» DISIPADOR EN SALTO DE SKY
+ DISIPADOR EN TANQUE AMORTIGUADOR

L * MORNING GLORY

PARTES QUE INTEGRAN UNA OBRA DE EXCEDENCIAS.

Canal de llamada
Qbra de control
Canal colector

Canal de descarga (o tunel)

n bW N s

Estructura disipadora.
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CIERRE DE UNA PRESA

—— ———————— ———— _—— —— __—— —_—

Se denomina CIERRE DE UNA PRESA, a una serie de acciones y actividades que

hay que llevar al cabo, para terminar la construccion y la obra inicie su operacién
normal.

En realidad se trata de “dos’ cierres diferidos en tiempo, uno, completar la
construccidn con el desvio de cierre funcionando y el otro, el cierre definitivo de

este desvio o sea la fecha en que se inicia el aimacenamiento cortando el
escurrimiento de la corriente.

Es tan importante el CIERRE, que de esas actividades que duran meses escasos,
depende el éxito de la construccion de toda la obra que puede ser de anos,

incluyendo los danos que estc pudiera generar.
]

Este programa debe ser elaborado por ingenieros con amplia experiencia en el
manejo de maquinaria pesada, en rendimientos, en optimizar recursos materiales
y humanos, de contar con equipos de reserva para mantener rendimientos altos,
ademas de formar equipo con ingenieros hidrélogos e hidraulicos para elegir las
fechas de los cierres, elaborando programas generales y de detalle, con tiempos
reales (sin holguras) para concluir en una fecha predeterminada que no admite

retraso ya que a partir de alli, se pueden presentar avenidas en el vaso.

Se dice que en los cierres de presas no hay marcha atras, una vez que se define

el programa y se toma la decision, no tiene cabida el regreso. -

¢
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CORTI\NA DE MATER\ALES GRADUADOS
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Formmas de concreto pre-
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DETALLE DEL PROCESO DE COLOCACION -
'DE CAPAS DE CONCRETO RODILLADO
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PLANEACION DE CONSTRUCCION DE UNA PRESA CON KIDROELECTRICA.

Ao 1

Afic 2

Afo 3 Ao 4 Afo 5
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r Ataquias ]
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I
| i
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. |
|

Preparacion bancos

Terracerias de cortina

Excavacion vertedor

Concreto vertedor I

Tanel de acceso
C. de maquinas

| Taio O.deT.

| _Compuertas radiales |-

[ Excavacidnes st

Concretos

L

Turbinas v generadores

—

Sub-estacion

Exc. tineles de fucrza

L Est de Ent y compuertas 1

- —— —— —— e —— i T — —— —

il

Tuberias a presion




ORGANIGRAMA DE UNA RESIDENCIA DE CONSTRUCCION PARA UNA PRESA
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PRESAS CON CORTINA DE ENROCAMIENTO, EN MEXICO

13. Texcalatlaco

Distrito Fesleral

‘Nombre Localizacion Ano de Altura Taludes {x} Ancho de ] Losa de Concreto
: terminacion m A.Ar. A Ab. |Corona, myj Arribam Abajom
1. Taxhimay - Edo. de Hidalgo 1912 43 0.75:1 1.41 4 0.20 0.40
: : 1934 '
2. Tacubaya Distrito Federal 1938 26 141 1441 5 e e
3. Madero . Edo de Hidalgo 1939 52 12:1 1.4:1 T U
4. ElGiron Edo. de Hidalgo . 1940 20 141 . 141 4 e e
5. Mixcoac . Distrito Federal 1941 32 1.2:1 141 TS
{6. San lide fonso Edo. de Querétaro 1942 62 141 141 5 020 052
7. LaEsperanza Edo. de Hidalgo 1943 27 131 141 5 e
RO ' o 1.4:1
8. Colorines -Edo. de-México 1944 32 1.4:1 11 R ——
, . ’ ' _ © 1.3
9. GonzaloN. Santos . Edo. de S.LP. 1949 39 1.4:1 141 45 e
10 Ixtapantongo Edo. de México 1950 28 1:1 151 35 e
11. Los Pinzales Edo. de México 1957 59 1.2:1 1.4:1 5 e
12. Zicuiran Edo. de México 1957 46 1.18:1 1441 7 0.30 0.44
‘ 1.31
1411

() A Ar= Agnas Ammba - Aguas Abap A Ae
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OBRAS CIVILES PRINCIPALES

CORTINA
ATAGUIAAGUAS ARRIBA
TUNELES DE DESVIO
TUNEL DE ACCESO C M.
CASA DE MAQUINAS
OBRA DE TOMA
TUBERIAS A PRESION
TUNEL DE DESFOGUE

9 OBRA DE EXCEDENCIAS
10 CANAL FUSIBLE
11 ATAGUIA AGUAS ABAJO
12 GALERIA DE OSCILACION
13 SUBESTACION
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' INFO IMAC ON TECNMNICA DE > SENO [ ed < -f

I oM FEDERAL DF ELECTRICIDAD ¢
" | HIDROLOGIA {Inidades CORTINA Unldades g
Area total dc s cuenca knt 75651 Tipo
Escurrimiento medio anual mill. m3 5948 Aluvion-Enrocamiento
Gasto medio anual m¥s 220.34 "~ Elevacion de la corona msnm 235.0 3
Gaslo maximo registrado mYs 6 688 Longitud de la corona : m 642.0
Altura maxima m 185.5
EMBALSE . . Volumen total (incl. ataguias) mill. m’ 14.0
NAME msnm 232.0 !
NAMO ' msnm 220.0 F:
NAMINO msnm 190 0 OBRA DE EXCEDENCIAS 3
Capacidad total al NAME mill, m3 6 950 Elevacion de la cresta msnm 2100
Capacidad control avenidas mill. m? 1410 Longitud totat de la cresta m 72.0
Capacidad ulil p/generar mill. m? 2575 Gasto méx. de descarga lotal m/s 14 900
Compuertas radiales (No., Ixa) m 6-12x19.34
DESFOGUE Elev. labio superior compuertas msnm 228.935
Comp. deslizantes (No., 1 x o} m 6-5.47x6.41 Gasto max. (Avenida de disefo) m¥s 17 482
Elevacion media msnm - 67.60
4 CONDUCCION
OBRA DETOMA Conductos (No. y didmetro) m 3-7.40
Nuimero de lomas 3 Longitud total m 1815 :
Gasto miximo x foma ms 240 Inclinacién grados 51°57'28" !
Compuertas rodantes (No., | x a) m 3-5.8x7.4 3
TURBINAS
CASA DE MAQUINAS No. y tipo 3 Francis
Tipo Caverna Marca Jarkov-Turboatom
Dimension en ancho ' m 2280 Potencia maxima Mw ) 368
Dimensidn en targo m 134.0 Gaslo de disefio m'/s 240
Dimensidn en altura max. m '50.0 Carga neta de disefio m 145.10
Gruas(s) viajera{s){No., Cap.}  1ton 2-405 Velocidad de rofacion rpm 150
TRANSFORMADORES GENERADORES
No. 9 Marca Electrosila
Marca Zaporozhe Transtormator  Capacidad nominal 320 MW MyA 341
Tipo (No. de fases) Monofasico Tansidon nominal KV 13.8
Capacidad nominal MVA 125 Factor de potencia % a5
Clase de enfriamiento . OA/FAFA Frecuencia Hz 60
Tensién de transformacion KV 13.8/400 "
SUBESTACION
Ixa=largo x alto Lineas, tensién/destino KV 2-40.. .apic ||
Capacidad instalada O L~ KAV’
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ECCION MAXIMA DE LA CORTINA

feree

1 EJE CORTINA 4 ENROCAMIENTO SELECTO ¢ 1 m.
" 2 FILTRO ( grava-avena y limo) 5 ALUVION ( Rasta 8")
3 TRANSICION ( gravas hasta 3") 6 CARADE CONCRETO REFoRZADO ( de 302 80 cm )
7 ROCA Y REZAGA (Rasta #< 1 m.
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SECCION MAXIMA DE l..A CDF!TINA

o

() ARCILLA COMPACTADA |

(® FILTRO COMPACTADO

() TRANSICION COMPACTADA -
(») ENROCAMIENTO COMPACTADO

'(® ENROCAMIENTO ACOMODADO CON TRACTOR
‘() ENROCAMIENTO DE GRAN TAMARO
(@) ALUVION

PANTALLA IMPERMEABLE

alfuora: 245m,

VOLUMEN TOTAL 14.5 Mpd CHICOASEN CHIS
Impermeable 2.1 - (""5/) Construccion 1974/80
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2 . — MATERAL PERMEABLE
3 . —— MATERAL PERMEABLE ( PITARRA )
4 . — ENROCAMIENTO

8§ ., — DENTELLONES

SECCION DE LA GALERIA Y DEL DENTELLON NUM. 3
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CORTINA
TRATAMIENTO DE LA CIMENTACION

PRESA "LAZARO CARDENAS",DGO. (ew racvito)
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SIGNOS CONVENCIONALES

| . — MATERIAL 'MPERMEABLE COMPACTADO 0 - I N A

2. — TRANSICION DE GRAVA Y ARENA
3. — RESPALOOS PERMEABLES (ROCA, GRAVA Y ARENA ) Con 3 t rdccion 195 ?/ 196 4,

4 . — ENROCAMIENTO SELECTO

VoL CORTINA TOTAL 7/4///‘7”:
Impeymeable 1.593 » (22.4%)

PRESA PRESIDENTE -ADOLFO- LOPEZ MATEOQS, SIN.
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INFIERNILLO, MI‘CH.
Construccion 1960/1964



i = 150

hi

15

2
A= 34,875 m

2
A= 48,375 m

AGUAMILPA CHICOASEN

450 m 3 630m s
34, 875

48,375 _ o= =0.721

34 575 = 1387 48 375

14 x 1.3871 = 19.419 C 15 x 0.721 = 10.814 Mm"

AGUAMILPA con seccion de materiales

CHICOASEN con seccion de enrocamiento
graduados hubiera sido de 19.5 Mm®

y losa de concreto hubiera sido de 10.8 Mm®

COMPARACION DE VOLUMENES ENTRE UNA SECCION DE
ENROCAMIENTO Y UNA DE MATERIALES GRADUADOS.



CONTROL DURANTE LA CONSTRUCCION DE LA OBRA.

PRUEBAS DE LABORATORIO DE CAMPO.

a) Terraplenes de prueba.
Objetivo: determinar la eficiencia del equipo.

Resultado: obtener el espesor de las capas y namero de pasadas.

b} Determinacion del peso volumétrico seco y humedad en el terraplén.
Prueba de compactacion PROCTOR. '
Objetivo: obtencion del peso seco v humedad del terraplén mediante
. calas. ’
Resultado: obtener el porcentaje de los pesos secos y humedad. Debe ser

mayor que el especificado (por ejemplo 95%)} y la humedad la 6ptima.

¢) Compactacion y resistencia a la penetracion.

Prueba rapida con un dinamometro y agujas.

d) Densidad relativa de los materiales granulares.

D o = - Emax TE
' €0 — €

max min

\l 00

€ relacion de vacio de los materiales

e) Pruebas de permeabilidad de campo (cualitativas).
Pozos de absorcion.
Pozos de filtracion (dos pozos contiguos).

Pozos radiales (por bombeo en el pozo central).

Referencia : MECANICA DE SUELOS.

Instructivo para ensaye de suelos SRH.



CONCLUSIONES

Una cortina es una estructura hiperestatica que depende :
De la deformabilidad de los materiales.
De la geometria de su seccion zonada
Es recomendable:
Evitar la asimetria.
Cambios bruscos en la geometria.
El ancho del corazon se debe elegir segun:

a carga hidrostatica y tomar en cuenta la interaccién
entre nucleo y cimentacion.

Se recomiendan zonas amplias de filtros y
transiciones:



COMENTARIO FINAL

El Dr. Terzaghi dice que la experiencia ha mostrado que la
.mayoria de las ramas de la ingenieria evolucionan recorriendo

tres etapas sucesivas: .
o Laempirica
e La cientifica
o La de madurez
La empirica es a base de:

Resultados a base a de tanteos
Intuicion. '
La cientifica se basa en:

Razonamiento matematico.
Resultado de pruebas de laboratorio.
Relaciones fundamentales minimas.

La etapa de madurez esta templada:

Por la experiencia

Las restricciones impuesta por la naturaleza.

Los progresos se efectuan en forma semiempirica.

Los conocimientos se ponderan y se complementan con
los analisis, y el buen juicio.

Asi el rigor del analisis se reduce gradualmente del de un
César al de un Comité Consultor. '



CORTINAS DE ENROQCAMIENTO CON LOSAS DE
CONCRETO HIDRAULICO EN EL TALUD DE AGUAS ARRIBA

ANTECEDENTES.
Cortinas de Enrocamiento en México.

Desde el afio de 1932, se definid una cortina de enrocamiento como (1):

Una cortina consistente de enrocamiento suelto a volteo con pendientes
en cada talud cercanas a la pendiente nateral, con una ‘placa o losa im--
permeable en e! talud de aguas arriba, apoyada sobre una delgada zona -

de mamposteria seca y posteriormente e! enrocamiento propiamente dicho

Zste 1ipo de cortinas fueron constreidas cen cierta frecuencia desde fines
L

Jel siglo pasado hasta los afios de 1960 - Y65 bpero, debido a los preble

mas co filrraciones que presentzhan, v oa' advenimicnto de las cortinas de

materinies graduacos, desousts de tas afios 504, los ingenteras orelirieron

estas nitmas debido 2 s omriet comnartamiento,

Sin embargo, e! meioramicnto en lns orocodindentos de construccion y la
observacidn en el comporiam;ento de 'an €ottinas e cnrocamicntio en --
0NCTACION, pormiticoon ir obteniendo meiares resultados o dicho comoor-
tormiento, h:l.s'.a( Nerar a Ja cteoa mocern: on donde se han abtenido ca--
racieristicas muy savisfactonias desde el nunto de vinla técnico y coondmi
co, que jas hacen competitivas on cormparacién con los otros tipos de cor
tinas, aln cuande mitacas en la actualidad a olturas de! ocden de 100 m
BEr0 gue se puede prever llegar a alivras mucho rnayores entel fumuro -

ardximo. (D)

En Mdxico, en lo que ve deb siglo, se han construido cortinas de enroca--
micnto con Josas de concreto en ¢! talud de aguas arriba, y en la Tabla -

Ne ! aparccen las coracteristicas de a'gunas de ellas.

Para una lista de las principales presas on ¢! munde, €on cortinas de cnro
camiento, puede consultarse la Tabla NS¢ 7 det trabajo presentado por  ---

Cooke  {2).

8
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PRESAS CON CCRTINA DI ENROCAMIENTO, EN MEXICO.

Nombroae : Localizacion AN de - Altura Taludes  {x) Ancho de Losa de Concreto

’ Terninacion mo- ?(m.'—r'\r_.m":’\_;‘mﬁf)— Corona, m Artiba m Absio m_

. Taxhimay Tdo. de Hidilgo 1512 43 - 0.75:1 1.4 4 0,200 0,40
1324 ~ : .

Tacubzya Cistrito Fedor | 1228 76

[

1 P.G: ]
1.4:1
o 1 .01

2
3. Nudero Cdo. de Hidnlpo ) H 52 R
4

1 Girdn Cdo. de Hidilpo o140 20 1.

NN G

LA

. Mixcoac C o Distiite Fadaral P 32 1.

£
—
—
.

-—
—

f.  San lldefonso Fine de Guocdtaro 12 62 I.

L Y Y N . Y.
1T
t
I

7. la Esperanza Pda, da Hididgoe J1343 27 0 S B BT RY

. .-

-~ . . . » . . -
8. Cclarines oo, de M sico PN A2 okl

9, Cowesta N, Sntes Bdo. de S.L.P. 1359 19 1.4:1 ).

e Mixico _ 7 1920 - 78 N ES I S T3

.

—
-
+ .
oW
I

Ll

!0, Ixtapantongo Edo. «

-
p ]

11, Los Pinzales Fdo. de 'Aéxico . 357

0.%4

12,  2icuiran Vilo, de BMevico v

a~
o
—_— Ly OO ~a
et peimm St
=
o
o
o
A
o,

SN c‘-'.ff-r.c

13, Texcalatlaco Distrito Foleral e .- ———— e - - —
vy ) . . !
L]

e e e e e e i nt pr =t b Em e ¥ e & e meem wee f e o me e [ e e e s e b ——— ——— ——— — — — — —_—————-

(X} A.Ar = Aguvas Arritag A, Ab = Spuas Abdio.

FUENTE:

TABLA N2 |



C)\I"-’.ACT_ER!ST!CAS DEL ENROCAMIENTO COMPACTADO.

' i L .
Como pucde observarse en la Taba N® [, todas las presas con cortinas de
enrocamiento construidas hasta la fecta en México, son de altura modesta
y corresponden a !as de enrocamiento a volteo, habiendo habido necesidad

de hacerles reparaciones para disminuir las {iHtraciones que -se-presentaban.

Las cortinas a las que se referirdn Jas notas siguientes, serdan a las que --

Cooke nombra del periodo moderno, (2) de las ‘cuales no existen ninguna -

constru! ‘da en Meéxico, sino ﬁo’ mente estin en estudio probablemente un“:s .
£into A AT Uon

ReS7IE El Tunal II, en e! cstado de Duranpo; El Meziuiv en el estado -

de Hidalgo,y Huites en el estado de Sinalea. ¥ figverm: ipa gn /’9““" )

::,L ‘U;C C“n C‘rn;c.a og,)‘u(’u’-’_f)

Por consiguiente, las ideas que se expresarin a centinuacion, corresponde-
rén a las de diferentes ingenieros cue han intervenido en ¢! estudio, dise-
fo y construccién €n este 1ipo de cortinas, principa'mente a las de Cooke,
quicn ha sivlo consultor en cast 1adas las Censtruidas en os Ctlimos 30 -
afios XY, ' )

Ts incudable quo solamente concciendo las caracteristicas rnecanicas de la
roca de cue se disnone, soooucden elaborar las especificaciones concretas
para cada caso determinado; e manera que las ideas cus se expresardn -

deberdn considerarse de caricter pencral e jlustrativas.

Pariy aue sirva como punto de refurencia, <e presenta la Fipura N2 | que

corresponde a la sugerida por Cooke on su articulo!

" Pragress in Rockfill Dam " (2}, pizina 1412 para cortinas’con alturas -

LIS | a
cel orden de 265 o {805 »ids) teniendo en cuenta el comportamiento de -

las presas construidas a !a fecha. .

I 1. Entocamiento en el cuerpo Ce la rortina.

Una de las idecas que mds ha contribuido al mejor comportamicnto

de las losas de concreto en el talud de aguas arriba, ¢s la de com

20
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pactar ¢l enrocamicento con 4 6 K pasadas de rocillo liso vibratorio

de 10 Ton. de péso. -

En Ja Figura N® ! ¢l cnrocamiento estd mostrado como 4 y se

anota el espesor maximo recomendable de las capas.

En la presa Foz Do Areia (3) la zona &4c se colocd en capas de
.80 m de espesor, con resultados muy satisfactorios. La roca -

era basalto y brecha baséltica.

1.2, Uso de gravas en cortinas de enrocamicnto.

=7 Adn cuando las gravas caen fuera de Ja definicidn de enrocamien--
o, pueden usarse como material nara los respaldos de la cortina,
ya sea en combinacion con enrocamiento o solamente gravas, |3
mocdulo de compresibilidad es 5 a '€ veces mayor que e! del enro-

— camiento compactado y de!l eorden die 40 veces el del enrpcamiento

a valteo  (2).

Por consiguiente, la grava os un material qQue pueds usarse con --
ventaia en cortinas de enrocamicnte. y es posihle constroirtas doo-

alteras mavores gue con roca solamente.
.3, Uso del agua on enracamicnto compactado. .

E! uso de apua a oresinn en enrocamientos compactados, depende

mucho de la calidad de la roca. En ¢! caso de rocg dira y sa--

na, es ya comon ¢! usar entre 20% y 50% de agva en volumen, -

-
L

con respecio al volumen de roca. ‘

En ¢l caso de gravas, usua'mente no se afiade agua.
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Losa en talud

-k e eam oy m e s ood m - =

:

SZCCION MAXIMA

1 Impermeable
2 Filtro; capas de 0.40 m. | )
2 Grava menor ¢e 7.5 ¢m (27) capas cde foun - 0.50 m
i Znarocamiento compactado’
ta  Canas de 2.50 m. -
o . Canas de 0.60 m. ‘
tc’  Capas de !.50 m. (Bs conveniente oue estd zona s¢ contruyd
con capas del orden do LU ol .
i Capas de 1.8 ™.
5 Enrocamiento a vo'teo, {solamente cn ¢! lecho del rio) )
G Enrocamiento acomodcdado
' . Corena

Loun de concreho

e P
pEvy

Loun de concreto en res-
paldo d¢e orcilla para sc-

Nado———~ __ _—n —T
E
't

Perfil supuesto

. FIGURA Ne |

Seccién conceptual de una cortina e enrocamiento con 243 m de altura con -
losas de concreto aguas arriba. (7).

(Debe entenderse que !a distribucidn de! enrocamiento en las zonas &b k¢

nd y 5 se hard en cada case particuiar de acuerdo con ja disponibilidad
y calidad de ta roca o graval.

+ Nota de Trancisco Torres “errera,

1%



HI.

ENROCAMIENTO EN EL TALUD DE AGUAS ARRIDA, Zona 2

Esta zona 2 tiens por objeto soportar directamente la losa de concreto
y, de acuerdo con !a prictica actua!, se busca que e! material-que la —-
forma, cumpla con una granulometria especificada general como se mues-

tra en la tabla sipuiente: (%),

Tamaho | Por ciento mas “ino
7.5 c¢cm (3") 90 - 100
3.8 cm (15) 70 -95
e (3 TR,
Malla N¢ @ 35 - 55
Malla No A% & - 30

Lste rpateriz! puede o3ienerce con roca triturada o prava aluvial, y con
!a clasificacién recomendada se consigue:

k]

.

H. Que tenga un cocliciente e permeadilidad del orden de 107 & --
. -4 . . -
107" cinfsep  eliminando asi la posibilidad de grandes valores de --
e |
fiitracion en case de agrictamiento de !a losa o awertera de las --
juntas.
2). Evitar ja segregacion cel material y per consiguiente, mejorando -

!a trabajabiiidad ¢! mismo v eliminando o posibilidad de cesperdi
cio de concretd en o losa.

Esta zona 2 puede ser paralela a fa losa de concreto con un ancho en

sentido horizontal de! orcen de 5.0 m,

Debe darsele & & & pasadas con roditio liso vibratorio con peso de 10 Ten.
en capas de 0.40 - C.50 m y nosteriormente, 4 & 6 pasudas con rodillo

liso, en la superficie inclinaca en ¢! sentido del taltud. Una vez termi-

13



nada la superficic, no se debe permitir rellene alguno.  Con objeto de
evitar la erosion de la superficic de contacto con la !osa de concreto, -

es conveniente darle un bafo de ernulsion asfiitica o gunita. ¢ “afredn linzade

Las zonas 3 y &4a funcionan como graduacion entre l!as zonas 2 y -
¢l enrocamiento de las zonas fb y  4c. Su cspesor puede ser varja--

ble,

El enrocamiento puede desplantarse sobre los acarrcos del rio, cuando su
calidad resulte adecvacda, a nzrtir de las pruebas de compactacion corres

pondientes.

LO-S/\S DE CONCRETO EN EL TALUD DE AGUAS ARRIBAL

La distribucidn del enrocamiznto en el cuerpo ce la cortina, su pradud---
cion y e! nrocedimicnto de rcelocacion tuvieren como objeto disminuvir las
deformaciones oue pudieran rene- influeacia sobre la losa de corcreto en
e! taivd cde agudas arriba, incluso on el caso del empuie hidrostatico to--

1al

(2]

Las ohservaciones hechas con las presas de Cethana, Mackintosh y  -----

Murchison (3) indicaron que la !losa de aguas arriba experinynto una --

compresion biaxial con los valores miximos cerca de la vertical al cen-

tro de la losa. Fonas de tensidn se presentaron cerca del talon, la co

rona y cerca de los reentrantes on el perimetro de i cimentacion.

Los movimientos ce las iuntas se oresentpron en itres direccjoncs: dos
en e! olano de la iunta y uvne normal! a la super’icie; pero todos cllos en
la junta perimetral!, va fuera en ¢! t2'dn, en !las zonas reentrantes o cer

ca de l!a corora.

Los resultados anteriores confirmaron la conveniencia de eliminar !as jun
tas de contraccidon - dilatacién en ¢! sentido horizontal y construir juntas
verticales con chjeto de utilizar cimbras deslizanies en e! proceso de co-

lado.  También es necesario construir vna junta perimetral, en ¢l arran



?v i

Llementos de dinefio en 1a presn Salvajina.

Losas axberiorne Josas_inleriores  lonas exbleriores
; BRORLEA ACLE A

Junta de
vonstruccion

Juntaw
perimentral
losa, de srrancoue

Fig. 2 Losas en talud de apua arriba.

En la Figura N® 2 se muestra un corte en la boguilla y la (is-
tribecion de las le.as en la carz de aceas arriba, asi corno las --

IUNtas, tanto de constreccion Cora de contrancion - dilaacion.

TUoancho 22 'as losas es de 15.0 m y se anrecia la €istincidn en-
tre las losus centrales, en donce se oresentaron Comnresionces, y
v las exteriores en donde se esneran tensiones. na considera--

cion semeiante se hire on la oresa Toz Do Arcia. (3

Diintg.

Ya se ha generalizacdo ¢! momiye de Plinto para designar la losa do

1l6n, razdn por la cue asi se utiizard en estas notas.

Dentro de la evolucidn que ha sufrido el disefio y construccién de
cortinas de enrocamiento, uno de los elementos sobresalientes ha
sido la eliminacién de! dentelldn en el arrancue de las losas del -
paramento moiado, y sustituirlo por una losa o Plinto, de concre-

te reforzado desarrollada sobre la roca de cimentacion. Se reco
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. . . H i
mienda que tenga un ancho ¢¢ 6 2 8 m o varjado entre B a 4

siendo H Ja carga hicdrostatica. en cada punto, scegun la calidad de
la cirnentacidn.  E! espesor puede tener un valor minimo de ---

D.60 m.

Es convenigente cue ei Plinto sea anclado a la cimentacidn, con --
objeto de que sirva de apoyo a las actividades de consolidacion é
inyectado. E! tipo y esmaciamiento de !as anclas estari de — ---

acuerco con la calidad de la roca ce cimentacion.

En caso de gque en la roca ¢c cimentacidon existan materiales ero--
sionables, es posible nrolongar el Plinto como losa dentro del cuer
no de la cortina, con obicte de disminvir el gradiente en esa zona

{9). Figu-a N 3,



Fie. 2. Detalles de la cimentacion de la Presa Winneke.

<

2) Znrocamiento 2 Linen de'referencin del Plinto
b) Zonas cde transicion Lo Roca estranificada muey altera
) Filtros Lo, .
2} Concreto on aimentacicn Y TNefuerzos
el Losn de concrete m) Lueperfice oripinal del suelo
Iy DMinto hy  Caren hideostuitica a la eleva-
¢} Darras de anclaie S Cidn e L chnentacion.
1Y Pantiatla de inyectado ’

Iy, 2. Juntas de contraccién - di'atacion. .

En las Figuras &, 5 y 6 apurecen detalles de las dilerentes juntas
utilizadas en la curtina cde !a presa Salvaitna, y en (1), (5 y (7}

se pueden observar soluciones semcianics en otras presas modernas .

V.2 Junta perimetral.

Estas juntas son las que presecntan posibilidades de movimientos, -
tanto cn e! plano de lz junta como norma'mente a ella, y adernds,
tendencia a la abertura debida o fuerzas de tension. Es por lo
tanto conveniente hacer un disefio cuidadoso de ellas con dos o --
mas lineas de defensa contra la filtracion. Vednse las fipuras y

articulos citados en ! punto anterior.
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Flementon de diseho en ln presa
Solvajina

junta
.perimetral

i
corTC~

Plintn . acero de, L
. \{ s irfuerzo ; /"’;,
T —=<

r hY
O6E m: ”,"} — - r_‘ ] ._:_; _«_
—‘"L' ¥ 1 ] w T P TarINTS 1e -—-O‘-I‘\'ﬁr
' 14 m m P& m 1 f
r--_ - - [}
! S ] . ! ancla
! 6-Fm “
T - i
J'; - A
CITHMONTADA N RCCA CCHMPLETENTE
Concreto (Cimentacinn Line 1)
lanrnado ’
\, [ R-1X m ' 7-10m { Juntn
- o= = - ] - L perunelral
- ~e, 13 Yo .
..“'::_\_.‘ 4 \'?" Plinto \ J}o..n de o .
“tn, LN } \ AL ; 7'/0 NA )
oo ] )
1! ey Y
‘».,_'\/ 3 - T L I O —
Sy (;ﬁ"rv.'m—-“*.*’ LT i P
N B R AN S,
' | a8 3"'\ .': . i Amo 3 ! ety b &
. ; T NN
K J— .-.'- — L ' H'
A —-mv—kc dentelldn de  MTEM \‘? 1
Cortina de 5.8 concruto_lﬂ?"_"\"

lnyf ctado

-flr’"hTr\Dl\ CN ROCA POCOD COMLTENTC
(Cimentaciones tipos I'y L),

FIG. - PLINTOS CIMENTADD EN ROCA
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ELEMENTOS DT DISERO NDE LA PRESA SALYAIJINA

s e e
AT AL/ R e A
A - En cl fondo del rio

- D - En arrancue de taludes.

Ponda de P YV C 9 Zona !

Relleno de plastico 12y !t Refuerzo de accro para pro-
teyper ¢l cancrcto contriv —
fracturamicnto y- Ia 1apajun=-
Tana}unta de polivinilo *a.

Relieno comeresibic

Tapajunta de coore
Tira de neoprene
Relleno de Styrefoam

Mezcla de arena - asfalto

F1G. 5 DETALLES DE JUNTA PERIMETRAL



. T N T ;
PO I ) '
. ) i !
= \ 7 ' L ! pid
Tom e 'O
P /" S - oy :
| IS & O i
! ! r i
Oz el |
N - LOSAS INTERIQRES,
Banda de clorura de polivinilo 7. Base de mortero
Relleno n'istico : -, Refuerzo principal de
. . ' acero.
Tapajunta de b v ¢ ‘
. . . 9. Recfucrzo de acero para
" Superfice cublerta con pintura ; parz
Asalticn ST . protcper ¢l concreto
LT o - contra fracturamiento y.
. Tapajunta de cobre tapajunia.,
ilelleno de neoprene "
FIG. 6 2UNTAS TN LAS LOSAS DTL TALUD

ELEMENTOS DE DISENO DE LA
TIESA SALYATINA
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I.V.

Muros en parapeto.

Con objeto de reducir el volumen de enrocamiento, ya es comun -
que todas las cortinas modernas tengan un muro de contencion en

forma de L en la parte superior del talud de aguas arriba, como

.se muestra en la Figura N 70

— —_— —
Ll A
. Parapnto P . ’ -
\ * o cnroca minnto
NAMT : ) .
LTINS S -whorrsdo
H B ST T T,
R - . ~
i . .
bl P
H .
. i -
1 L4
-
¥
-

/l' ’ 0
T . . .

- e e e e a - -
%2 m ancho dec coronp Lonmporal
¢e las luans Jde Zalue.,,

P — e —— ,

' neccion en ) corona -

. - ) 'l
agurante la construeccitn

F1G. 7 Muros cen parapeto. (5. i
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La altura del muro puede ser de 4-5 m arriba de la cresta tempo-
ral; pero las dimensiones en cada case particular dependerdn de! -

ancho de corona de disefio.  Veanse (3), (5), (7) y (8).

En Salvajina, el muro tiene una altura de 8.0 m y ancho de coro-

‘na de 8.0 m (6).

En la presa de Yacambu (&), se colocd un muro de contencidn -
también en el talud de aguas zbajo, con objeto de aumentar el an

cho de la corona.



CIMENTACION.

Es frecuente argumentar cue !a construccién de una cortina tipo de enro
camiento con .losas de concreto en el talud de aguas arriba, debe condi-
cionarsc a los caso$ en gue sc tiene una roca de cimentacidon de buena -

calidad, inye_ctab.‘e— y no erosionable  (2).

Sin embargo, ya en la actualidad se han construido-cortinas de enroca--

miento en cimentaciones de roca alterada y con fracturas rellenas de --
material erosionable, como !o anota Ranji Casinader para el caso de la

presa Winneke en’ Australia. (9). en donde establecec:

- " La losa de taldn convencioma!, con longitud de 0.! H de agua -
“en cualauier punte, fué orelergada hacia aguas abajo como una --
losa de concreto de 150 mm de espesor minime, de tal manera -
‘que e! ancho total de la losa ce taldn v Cimentacidon de concreto

fud de 0.5 de !a carga de apra en cualquier punto .

- La cimentacion aguds ahaio de 'a Cimentacion de concreto, fué
protegida por filtros invertidos, en vne distancia equivalente a -
0.3 cde la carga de agua M.

- . " Se adoptd una pantalla de inyectado con dos Hneas.de perfora--
ciones, las ceales fueron lavacdas con axe y agea antes de inyec-

tar con mezclas de cemento solo . {Viase figura. 37,

Por otra parte A.H. Merritt (19} anot2 cue en uwna presa reciente la --

“experiencia mostré que 'a losa ¢ tatdn, Plinto, puede localizarse a una

profundidad en donde la roca tenga una recuperacién 'de 75% 7y un R.Q.D.

con valores mayores a 50 - 60 %.

También establece que para la construccion del Plinto y e! inyectado pue

den adoptarse varias medidas sin interferir conlas otras presas.

De manera  que es previsible para e! futuro, .poder resolver problemas de

cimentaciones en rocas de no muy buena calidad, tomando las rnedias --

* adecuadas.

Tambicn la cortina de la presa Salvajina se desplanté en cimentacién ---

heteronénea con zonas alteradas (6.
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YI.

INSTRUMENTACION Y COMPORTAMIENTO.

Desde la construccion de las presas Wilmot y .Cethana en Australia por -
-E

los aflos 1969 - 1970, las cuales fueron ampliamente instrumentadas, se

han ido desarrollando nuevas ideas sobre e! disefio y construccion de cor--

tinas de enrocamiento con losas ce concreto en el talud de aguas arriba,

" basadas principalmente en la observacion del-comporiamiento de las mis-

mas, durante la construccidn, e! !'enado y la operacion.

Aép cuando en’la actualidad existe una gran ca;wtidad de datos de presas
construidas en e! mundo, es convenée_nte que las presas mexicanas que se
construyan con las nievas ideas, sean dotadas de la instrumentacion ade-,
cuada para comprobar s comnortamiento, e ir adquiriendo experiencia - .

propia en dicho campo.

Las cortinas ce enrocamicnto con losas de concreto en el talud de aguas
arriba, han mostrado que son esiructuras estables y seguras para condi--
ciones estaticas v cinimicas, vy es probable que en México, en e! fururo,

se construyan presas ¢on certinas e enrocamiento e alturas de cierta -

" consideracidn, “incluso en zoras de eran sismicidad: Es nor consiguien-

te desecable cdotar a dichas cortinas de instrurnentacicn para medir defor-
maciones, MOvViMICNtos y vitiaciones cc temperatura en el concreto, aque

s¢ presenten curante su vido.

MANEJO DEL RID DURANTE LA CONSTRUCCION.

Una de las ventaias de las cortinas ce enrocamiento es la que, en ceter-
minacas condiciones, se puede permitir que e! agua .de una avenida, pase
L

por encima del enrocamiento,

Se puede prever la construccidn de las obras de un desvio para una presa,
con una peguefia ataguia fuera-de! cuerpe de la cortina, para un determi

nado tiempo de recurrencia y construir una primera etapa de la cortina.

5i se preve la presencia de una avenida de mayor tamano, durante !a --



ctapa de construccion, es posible tomar !as precauciones necesarias para.

"que ¢! agua pase sobre e! enrocamiento, sin degradarlo.

Para este caso, debe procederse a reforzar con varilla de acero, el tu--

lud de aguas abajo.

En estas condiciones el esquema para las obras ‘de desvio, puede disefiar-

se para una avenida pequefia, con una-economia de-consideracién.

México, fué de los primeros pajses del mundo en donde se usaron protec

ciones para casos de fluios de.apua sobre ¢l enrocamicento. (1)

El primero de ellos fué en la presa San lldefonso, en el estado de Queré
taro en el affo de'1939 y otro en !a presa Tacotan en Jalisco, ambas --

atribuidas al Ingeniero A. Weiss.

 En e! Boletin 48 de ICOLD. (11} de 1934, se alude a 54 casos en e! -
munco ¢n cdonde se protepgieron los enrocamientos, 72 de los cuales su---

fricron {lujos cncima de cllos.

Cn ecta misma pudlicacién se muestran Jos métodos usacos y los resulia-

dos obtenicdos.

Alan Yarty, Rick 2. Dovle, Edward D. Pritchard y Ro;.ier E. Gill, --
(12) anotan algunas experizncias ohtenidas en. Australia ¢ indican que -
" St sc construyen adecuacas orotecciones sobrg las cortinas de enroca--
miente, dichas nresas son seg'_.:'as contra c‘esbordaﬁeﬁmi antes y duran-

te !a construccion de la losa de concreto ".

. En la publicacién  Concrete Face Rockfil! Dams - Design,. Construction
and Performance.- Proceedings of a Symposium of the Geotechnical --
Engineering Division of . ASCE Oct/1985 [I4) aparecen-algunos otros -
casos de presas modernas cuyas cortinas han sido protcgid.’is agﬁas abajo

para caso de flujo de aguas sobre ellas.
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YL YERTEDOR DE EXCEDENCIAS SOBRE LA CORTINA.

Una de las ideas -aceptadas actualmente, es la de que no se deben —
construir vertedores de excedencias sobre e! cuérpo de una cortina de
enrocamiento; debido a los asentamientos tan grandes que experimen--'
-tan tales estructuras.  Sin embargo, las cortinas ‘de enrocamiento ---
. Construidas con los procecimientos modernos sufren asentamientos, ---
principalmente durante la construccidn, de manera que seria convenien
- te ir pensando en diseRar los 'vcrf_ec‘ior.es en el cuerpo de las cortinas,
adn cuando fuera en algunas de pequefia alwura, para ir observando su

e N .
compo'tamxento ' . - '

JamessL. Sherard, (13} hace una defensa de esta idea, y anota que -
s¢ han elaborado algunos nroyecios de presas con tal solucidn, pero -

‘cve se han abandonado nor falta (v antecedentes,.lo cual! es lamenta--

‘ble. ! . - . ..

. . . v

=

RESUMEN Y CONCLUSIONES. S

- T - samwat 0t e e e PR e . . PN PP S FO - PR - o

"'n v15fa de quc ala .1' cha 'n ne r‘v's'r* cn N‘cxmo cxpenencm con thno-

) ‘ov'a moderna en ¢! ¢lsefo ¥ co-wvrucmm o corﬂn X3 dc cnrocamicnto
con 10sas cie COncrcto en e! talud cde avu-xs urn‘:a, las futuras cortmas

] que se constru;an de‘)enm basarse,” al principio, en tecnologia extranjc
s ra ) -as espeu :r‘ac ones construciives se elaborardn con c!ar‘idnd,y -
concision y el contro! de ca lida¢ durante -la constru&ciéﬁ deberd ser €s

tricto y hecho por personal calilicacde.

~

Tor consiguiente, puecc.establecerse lo siguiente:

a) Debe terminarse la construccion de !a totalidad de los enrocamicn-
10s, aniss de iniciar !a construccion de las losas de concreto. -

Esto trae consigo el uso de cimbras deslizantes.
g

-~

b) E! enrocamiento debera construirse con roca de calidad conocida,



c)

d)

bien graduada y compactada en capas €on espesor maximo de  ---- )
1.50 m en la parte de aguas abajo cel cuerpo principal, adicionan-

do entre 5% y 350% de agua a presion,

'La compactacidn se hara con rodillo liso vibratorio de 10 Ton. de

peso, con un ndmero minimo de pasadas de 4. Cuando sca posi-

ble, la compactacidon se hara en lincas paralelas y normales al.cje

de la cortina.

En‘una zona cercana al talud de aguas arriba, deberd ddrsele un -

tratamiento especial:-
I.  La graduacién del material debe ser cortrolacda.

2. Dar con cuidade !a linea de proyecto del talud.

Debido a cue la compactacion no puede hacerse hasta !a orilla, --
es convenicnte dar compactacion en ! sentido del talud nara evi--
tar asentamientos indeseables.  .Esta comnact:ac.in puede hacerse

con % pasadas de rodillo vibratorio de !9 Ton. de neso.

Una vez terminada !a comnacracion de! ta'ud, debe tratarse 'a sy-
perficie para evitar !a erosion por condiciones del! ctima o por los

rabaindores.

Como ya cuedd establecido, este tratamiento puede hacerse con -

emulsion asfiltica o con gunita.

Debe aclararse que, en el .caso de la presa-Cethana se_hizo un --

bordo de prueba parz afinar !os procedimientos de acuerdo con los

materiales disponibles,

Todas las juntas verticales en !as losas deberan ser a tope, sin ---

ningln tipo de materia! blando de reileno.

Las juntas horizontales serdn exclusivamente de construccion.

Deberd tenerse un cuidado especial en el discfio y construccion de
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e)

g)

h)

las juntas perimetrales, a las cuales se les dotard de varias lincas
de deiensa contra Ja filtracion. Asl como, se reforzara el con--
creto en la zona de estas iuntas para prevenir la ruptura del con--

creto y proteger la tapajunta de cloruro de polivinilo.'

Es conveniente reducir al mdximo el espesor de las- losas de con---
creto, cebido a dque las deformaciones son independientes del espe-
sor de las-mismas, .y s lo son de la calidad de! enrocamiento..

f

.En el arranque de las 'osas de concreto se construira ‘un Plinto en-

lugar de! dentelldn tradicional. En esta zona se podra dar trata-
miente a la cimentacion, de acuerdo con las condiciones particula-

res de la misma.

Previendo !a necesidad de vaciar e! vaso de la presa en caso de re
querirse insecciones y reparaciones, es conveniente contar Con --

.

cescargas de fendo con canacidad adecuada.

En caso necesario, en e! quc se prevea un ceshordamiento, ¢s con

veniente armar ¢} enrocamiente en ' talud de aguas abajo.

Es recomendable cue las futuras cortinas de enrocamiento cuenten
con instrumentacion acecuada que permita observar su comporta---

micnto, e ir adguiriencdo cxperiencia propia en México.

Mcxico, D.F., Acosto de 1985

CONSULTIVC TECNICO

Ing. Francisco Torres Herrera
Ingenicro Consultor
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La primera presa construida al principio por el hombre, fﬁé
ur terraplén bajo o estructuraz de roca destinadas para embalsar y
" derivar el agua para usos agricolas.

Hoy la superficie de la tierra estd llena de pequefias y gran-
des presas y almacenamientos, contribuyendo en una gran variedad -
de modos & los requerimientos bbmplejos de la tecnologia moderna,-
En este siglo el avance he sido notable, utilizando meteriales na-
turales de tierra para construir terreplenes para presas; y el con
creto ha-reemplezado las piedras labradas en la construccidn de —-
pequei&as y gréndes presas de gren variedad de formas geométricas.

En la historia de le comnstruccidn de presas,. ciertzmente mu-—-
éhos cientos de ellas, y si se incluye muchos terraplenes pequeﬁés,
en la cuenta, pasan de miles l1la8s presas que han fallado. No hay un
registro execto de la mayoria de las fallas y extensidn de dafios.
Désastres debidos 2 presas y embalses de leés cudles existe cuidadosa
documentacidn, indican una variedad de causeés dentro de las estruc-—-
tures mismas o de su cimentacidn.

En muchas‘partes del mundo, especialmente en zonas deansamente
‘pobladasﬁréreas indﬁstrializadas, muchos o la mayoria de los sitios
buenos pare presas y almacenamientos, han sido ye utilizsdos, y los
sitios restentes, generalmente adolecen de defectos geoldgicos en 12
cimenteacion o falta eépacio pare. el embelse y se estén requiriendo -
en constante . aumento, investigaciones cuidedosas por los métodos méds
avenzedos de las ciencias geoldgicas e ingenieris, primeramente para
el disefio y después dursnte 3 construccidén para hacer seguros com—
pletamente los embalses y obras, que plaateen solamente muy poca ——
amenaza para aquellos quienes viven y trabajan en le trayectoria de
la corriente causada por una falla de una presa o emhalse,

Presss, embalses y cimentaciones en las cuales ellos inevita--
blemente se soportan, experimenten cambios con el tiempo. Algunos
de estos cambios son = - lentos y sutiles y no revelan su existencile,

2 no ser que se monitoricen en forma constante y precisa.
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Otros, coﬁo aquellos causados por temblores y derrumbes y —-
flujos inesperados son de corta duracidn y usuaslmente no pueden -
ser anticipados, 2 pesar del hecho que la calidad de conocimientoc
concernientes & su prediccidn estd constantemente experimentando -
su mejoramiento.
1a responsabilidad en 1a construccidn de una presa con las —
méximas previsiones de seguridad y de la constante'superviVeﬁcia
critica de la presa y cimentacidn, durante su vida dtil, no debe

ser mayor gdlo pars el Ingeniero gque construye la presa; sino gue

es compartidé por quellos quienes tienen conocimientos especiales

de hidrologia, geofisica, geologia y mecdnica de rocas y suelos.

i

ASPECTOS GEOTECNICOS DE UNA PRESA Y CONSTRUGCION DE EMBALSES.

La construccidén de una presa y obras conexas, y, si se requie-—

~ re tezmbién el mejoramiento del sitio del embalse atrds de 1a presa,
trae consigo marcadecmente todos los esfuerzos necestrios en las —-—
investigaciones de campo y laboratorio, y en el diseflo y estimécio
nes de cantidades y costos.- En las excavaciones de la cimentacidn
y empotramientos de la cobertura superficizl suelta o suelo,y de -
los dentellones y trincheras en 12 roca o en depdsitos sueltos o -
en l& remocidn de roca intemperizada o fracturada, se producen des-
cubrimientos éxpuestos continuamente que revelan ‘detalles de su lo-
calizacion exacta y propiedades fisicas‘de los materiales &abajo —-
de la superficie, que pudiercen o=n¥ ser anticipadas‘%ﬁg caracteris-
ticas cualitativas o cuantit{ativas en las inveastigaciones prelimji--
nares no obstante que estas fueran cuidadosamente conducidas, Los —
probiemas, hayan sido anticipados o nd, ahora llegan 2 ser proble-
mas de campo de urgencia inmediata y requieren soluciones précticas,
involucrando hombres, equipo, tiempo de programz y procedimientos -
convencionales o altamente innovados. Inumerables métodos de cons——
truccidn registrados en el mundo, publicados y medidas especiales

que han sido empleédas para superar los problemas en presas y —-

embalses realizados, SIRVEN PARA ENTFATIZAR EL HECHO DE QUE KO HAY

A
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EN NINGUNA PARTE DEL MUNDO, DOS SITIOS DE PRESAS Y EMBALSES IDENTICOS,

Asf, en muchas clases de construccién pesada, personas con amplia experiencia

han llegado a suponer to Insperado por la simple razén que los fenbmenos natu-
rales comunmente, no son sujetos a faciles apreciaciones preiiminares o jerar-
quizagién por pafémefros arbitrariés establecidos por geotécnicos e ingenieros.-
La construccién de una péesa, en adicién a los preparativos de Ta cimentacibn, -
usualmente traen consigo una variedad de operaciones preliminares, incluyendo la
construccién de caminos de acceso, procesamiento de materiales de construcéién

vy construccidn de desvios, tales como atagufas y/o tGneles o conductos de super-
ficie.- Los problemas especiales y técnicos asocladas con cada una de estas ope-
ractones, no es tema de esta conferencia. En su lugar la atencién ser& enfocada
al tratamiento de cémpo de la cimentacién y empotramienfos para mejorar su resis-
tencia y para reducir o eliminar filtraciones subterréneas.

EXCAVACION DE LA CIMENTACION.

Basados en las-investigaciones preliminares, un programa de las excavaciones
de la cimentacibn se inicia con la suposicitn de que el volGmen del material exca-
vado y de la configuracibn de la excavacién, se predecird aproximadamente.en for=-
ma razonable o en las es.timacionefr de los planos y especificaciones, Gene sl amen~

-

te es la responsabilidad del lnge;?e;;-construéfﬁr estableﬁer los taludes de la =
excavacibn que seran permanentemébte éstables o que no fallarén durante la cons-
truccidn, - _En materjales de tierré: ’taludes de 1.,5:1 a 2{1 son excavados en
cortes permanentes, y, taludes de 1;1 (45°) se establecen en cortes temporales,
excepto donde se anticipan condiciones de estabilidad no usual, Si la roca no
estéhmuy fracturada, y no contiene planos inclinados de deslizamiento potenciales,
tales como planos de estratificaci6bn en rocas suaves, los taludes pueden ser cer-
canos a la vertical.

En cimentaciones sobre depdsitos naturales de materiales no -

consol i dados, las excavaciones pueden‘fgvelar materiales inadecuados =---
L=
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en forma localizada o extenst cue recguiertn tratémiento especial
o remocidn total.

Materiales inaceptables o inadecusados en cimientos son mate-
riales no consdlidados, ricos en materi& orgdnica tales como tie-
rra vegetzl, detritus de pantano, o turba, depdsitos sueltos de -
arena o limo, rocas deslizadas.y escombro de talud, arcillas,plég
ticas, activas, sensitivas o arcillas expansivas. Condiciones =-
pobres de cimentacidn en rocas, estdn asociadas con fracturamiento
cercano, iﬁtemperizacién o alteraciones”del agua y temperatura o -
rocas sedimenterias pobremente endurecidas.

‘ Las excavaciones en el lecho, en toda la extension posible,.
ge lleverdn hastc 1la roca firme y fresca (no alterada por el in-
temperismo). Zonas estrechaménte fracturazdas hacig abajo, especial
mente si contienen materiales suaves alterados, tales como capas-
de arcillas (szlbandas) o productos de intemperizccidn deberdn -
ser removidos en tode la extensidén posible. EL OBJETIVO DE LA EX-
CLVACION EN Lh CINMzZITACION,ES PRErARAR UNA SUFPERFICIE LIMPIA QUE
PROVEZA T CONTACTO OPTINNO CON LOS MATERIALES DE LA PRESA,YA SEA

DE TIERRAL O DE CONCRETO,QUE SELN COLOCADOS SOB:E ELLA. Cuaédo la
capacidad de resistencia es un factor a ser considerado, un trata-
miento por inyecciones o por anclas de varilla de acero o cables
de acero, puede ser necesario. Una exposiciéq prolongsda tanto del
terraplén como de la roca de cimentacidn con 12 atmésfers o con -
acumulaciones de =zgua frecuentes, resultan en una deterioiacidn
por hidratacidn, deshidratecidn, congelecidn, contraccion superfi-
cisl ¥y expansgn por los cambios de temperatura. Es una buena prég
tica proteger las superficies reactivas que serdn expuestas por —-
intervalos prolongados de tiempo con gunit& o concreto lanzado o
con materiales bituminosos. Alterngdamente la cubertura vegetal
original no debe ser removids hasta la limpieza final y justo --

antes de 1la colocacidon de materiales.

. _};\’
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COIUTRUCCION DE UNA PRESA SOBRE DEPOSITOS NO CONSOLIDADOS
{CASO DE CERRO DE ORO).

Iaealmente, la excavazcidn en depdsitos no consolidados para
el cimiento de una presa debe extenderse al lecho sdlido de roca
en el ancho total de la cortina, ya se& construfida de concreto,«<
de tierra y o/enrocamiento.- Sin embargo hay muchos sitbs donde-
12 profundidad del relleno del valle es tan grande que las presas
deberdn ser construidas en parte o enteramente sobre depositos no
consolidados y por lo tanto requiera la cimentacidn, que se tomen
pasos aﬁfopiados para mejorar las propiedades ingenieriles de los
materiales del desplante y pg&ra reducir las “filtraciones & traves
de estos materiales o de su contacto con la roca basal & niveles- -
permisibles. Excepto para presas bajas de poco. peso, presas dé -
concreto no se hacen sobre rellenos no conscolidados 2 ca2uss gene-
ralmente de su baja capacidad de resistencia. Presas grondes que
se construyan enterameﬁte 0 en parte sobre rellenos no consolida-
dos deberdn ser sin excepcidn de tierra o de enrocamiento con capa
cidad propia de ajustarse & los asentamientos de los materiales de
la cimentacidn.

las figuras (10~1 ) muestran varias secciones de cortinas de
tierra y/o enrocamiento, construidas por lo menos en parte sobre -
depdsitos subsuperficizles no consolidados; Las secciones muestran
- varias medidas que sdn tomadas para eliminar o reducir gfandemente
filtraciones potencisles por debajo de la presa, en una gran varie
hgd?de circunstancias.- Es clarocjue se deﬁe obtener bastante in-—-
formacidn como la distribucidn y permeabilidades de los materiales
de los substratos antes del disefio y construccidn de las trinche-—-
ras principales.

OPERACIONES DE INYECTADO EN EL LECHO DE ROCA,

La meta del tratamiento de inyecciones en el cimiento y empo-
tramientos . del lecho de roca, es el mejoramiento de la resisten-

cid y capacidad de apoyo de la roca y rellenar con lechada los --

4%
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canales y caminos subterréneos {vias de agua) que sean un potencial paso de fil-
traci6n impermisible. En algunas circunstancias el anclaje con varillas de ace-
ro y/o cables de acero son usadas para mejorar la resistencia del lecho rocoso,
pero la técnica m&s Gtil de aplicacién general utiliza perforaciones e inyeccio-
nes a presién ya sea de mezclas de agua-cemento {(lechada) o de otros tipos de -
sellantes. Las investigaciones geolégicas y geoflsicas preliminares usualmente
revelan las caracteristicas generales de la roca de fundacidn y empotramientosy
facilita la identificaci6n de las zonas potenciales de filtracién., Sin embargo,
muchos pequefios detalles, pero importantes de la geologfa pueden no ser revela=-
dos hasta que las excavaciones han sido realizadas y todos los materiales suel-
tos se han removido de tal modo, que la superficie de la roca pueda sef examinada.
Esto es un tiempo critico en la construccion de la presa porque el constructor -
esté usuaimepte muy apurado para iniciar la construccién de la cortina y no v
con buenos ojos cualquier retrasc aungque por examen de la roca indique la nece-
sidad de un mayor y extenso tratamiento de la cimentacidn consumiendo tiempo, =
para prevenir indeseables y peligrosos flujos de agua; sin embargo, no se podré
dejar de insistir que nunca otra vez en la vida de la presa serd posible examinar
en deta][e y tomar los pasos apropiados necesarios para corregir condiciones ad-
versas que son reveladas en el descubrimiento de la superficie del lecho rocoso
y considerandc la vital importancia de tomar medidas correctivas adecuadas antes
de que la cortina sea construfda y el embalse llenado, los programas de construc-
ci6n deben ser tentativos cuando se requiera un trataniento extensivo que garan-
tice la sequridad definitiva de la presa.

La lechada es un lfquido ya sea de una substancia quimica

uniforme o una suspensibn acuosa de sblidos que se inyectan dentro ---

49
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de la rocez o materiales no consolidados a través de barrenos —-
especialmente perforados para mejorarllas propiedades fisicas -

de l1la masa y/o para reducir o eliminar filtraciones de agua —-
subterrdnea. Los materieles de inyeccidn son de 3 tipos bdsicos:
l).~ Lechades & base de cemento Portland.~ 2).- Soluciones quimi-
cas inyectables y, 3).- resinas orgdnicas, incluyendo resinas o
epoxicas (polimeros).- Las lechadas de cemento Portland, son por
mucho las méds ampliamente usadas en inyecciones y por adicidn de
veriés substancies tales como arcilla, arena y bentonita o adicidn
de substencies quimicas para incrementar o reducir el tiempo de —=
fraguado, son usados en un amplio razngo de aplicaciones. Materia--
les inyectados & base de substancias quimicas y agua son usados —-
inicialmente donde se tengan qberturas: intersticieles o grietas -
que son tan pequefias que ellas no permiten 1 circulacidn y pene--
tracidn por particules en suspensidn. Comunmente dos soluciones —-
qﬁimicas son mezcladas inmediatamente antes de, o durante la in--
yecciodn, tal que fraglie o precipite los componentes disueltos en
el sitio deseado. Una solucidn gquimice comin contiene silicato -
de sodio el cuzal es convertido a un gel por une disolucidn cstali-
z-dora en una segunda solucidn. Excepto en circunstanciis muy excepcio:
nales, resinas orgdnicas son rersmente usadas en cimentacidn de pre-
ses 2 csusa de sBu 2lto costo. Un resumen del empleo de materiales
formando polimeros en el mejorcmiento de 12 resistencis de 105 —
poros de la Toca ha sido preparado por Lrow y iplsﬁ (1971).

En la cimentacidn de preseés se distinguen tres cleses de pro-
gramaes de inyecciones. (1) Inyectado sistemdtico relativamente & -
baja profundidad en "tapete" o inyeciado de "consolidacidn" sobre
porciones criticas de le cimentacidn, (2).- "cortinas" de inyeccidn
(pantallas) desde galerias o superficie con una capa de concreto -
(rellenos) & lo largo de zonas especificadas para producir una --
profunda barrera al paso de filtraciones subterrdneas y (3).- In-

yecciones "fuera de plantilla" o extras para propdsitos especiales
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para mejorar resistencia y/o resolver problemas creados por cir—
culacidén de agua subterrdnea en zonas identificadas por los estu
dios geotécnicos de campo.

Aunque l1la inyeccidn de la roca de cimentacidn pueds ser di-
rigida con meticuloso cuidado, siempre existe la posibilidad de-

.
que algunas vias de agug subterrdnea permanezcan circulando ¥ que
el flujo a través de éstas vias se eceleren con el llenado de —
embelse.~ Si el volumen de flujo resulta ser excesivo durante -
el llenzdo del veso pasos inmediatos para remediar deben ser to-
mados, pero, si los gastos gson pequefos o insignificantes, ellos
pueden ser intercéptados y desviados por barreras de drenaje o - ‘
prismas porosos. La intercepcién.y desvio provee una oportunidad
de constante observacidn monitorizando el paso de las filtraciones
por debzjo de la cortina como una variacidn con el llenado-o descen
so del embalse atrds de la presa.

Ean las figuras se ilustran varias secciones hipotéticas de
presss conatruidas, mostrando sobre el lecho de roca la loceliza-
cion de barreﬁos de inyeccidn en 1la cimentacidn y barrsnos o pris-
mas de drenaje. Se désigna con letra por separado las varias cla-
ses de 2gujeros como sigue:

wAn .~ Perforaciones de pantalla.~ "B".- Perforaciones de in-

yeccién de tapete.- "C".- Perforaciones"extras"de inyectado para

propdsitos especiales; "D".- Perforaciones de drenaje.-

INTERVALOS DE INYECCION CON OBTURADORES.-

En las inyecciones de tapete especialmente donde 12 cimenta-

cidn expuesta facilita la observacidn directa de las consecuencias
de la inyeccidn de lechada, generzlmente no hay necesidad de loca-
lizar la penetracidn en el material de sub-base por el uso de obtu
radores.~ En contraste, el conocimiento de zonas permez2bles profun
das en ciertos agujeros inyectados , es esencial para el control —--
eficiente de 12 profundidad de perforaciones intermedias en una -

plantilla de perforacidn cerrada.-
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Dos métodos son usados en comGn en el confinamiento de la lechada de inyeccién
para fijar intérvalos en pantallas y en perforaciones extras de inyeccién profun-
da. En un método_la perforacién de inyeccibdn es barrenada totalmente en toda su
profundidad y el inyectado es realizado por elevaciones siteméticas o bajando-en
la perforacidn dos obturadores a una distancia fija éparte,'digambs 5 metros, -
Este.ﬁétodo tiene la desventaja de que la cortadura de la broca tiende a rellenar
las aberturas en -las paredes de la perforacién en su porcién superior e impide -
la entrada de las suspensiones de-la lechada. Adem&s, si se tienen dificultades
en la perforacién del barreno, tal vez-a causa del fructuramiento cerrado de la
roca, medidas especiales, tales como cementar pueden ser requeridas para superar
la dificultad y puede reducir la toma total de lechada.

El segundo método, es preferible, utilizar un simple empaque el cﬁal se fija |
al intervalq recién perforado de 3 a 5 metros de perforacién y en una 36E5827de
perforacién previamente inyectado por el mismo procedimiento.

Este método permite acercar la estimacién de la localizaci6n de zonas permea-
bles y al mismo tiempo facilita la eficiente penetraci6n en el tramo de perfora-
cién que pod}fa tender a derrumbarse durante la perforacidn o que contenga agua

subterranea a presién,

ey PLANTILLA DE INYECCION,

Los planos:. para las presas comunmente incluyen amplias eSpécificaciones de
un programa sistem&tico de tapete y/o pantalla de inyeccién. No-obstante, a -
causa de la incertidumbre de las condiciones que serén encontradas duranté las
operaciones de inyectado, el nGmero y profundidad de las perforaciones de inyec-
¢idn no se establecen con precisién.- En su Iugaf, la responsabilidad para el
adecuado y completo programa se delega al campo o ingeniero de construccién quien
esté instrufda para dirigir las operaciones de inyectado ''como sé.requiera“ 0 ==

""como -sea necesario''.

(n
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Excepto, cuando las circunstancias sean favorables, las predicciones exactas
de las cantidades de lechada que se requerirén son extremadamente diffciles. La
""toma'' de lechada en cantidades moderadas o muy grandes, en exceso a las estimacio
nes hechas con antericridad a la construccidén es una experiencia comlin, y confirma
amp]i;mente un dicho que prevalece que la '"inyeccidn es un arte y no una ciencia".

La ""plantilla se inlcuye en los planos de inyeccién y especificaciones para -
una presa, y comunmente es la base para estimar con anterioridad a la construccién,
el total de metros de perforaciones de inyeccién y 1a cantidad esperada de consumo
de lechada.- Es précta general disponer la localizacién de las perforaciones de
inyeccidn, en los planos, en una plantillas sistemdtica definidos los espaciamien=
tos y profundidas consideradas. S§i se tiene suficiente informacién geoldgica, la ‘
localizacidn y profundidad de la plantilla de perforaciones, toma en cuenta 1.
tres dimensiones geométricas de las caracteristicas geolégicas.

Ejemplos de la localizacidon de plantillas de perforaciocnes de inyeccibn como
se indican en planos y especificaciones para varios tipos de presas, son mostrados
en las figuras 10-3 y 10-5, Los dibujos son enteramente esqueméticos, fuera de -
escala, sobre la consideracién que el ntmerc real de perforaciones serd determina-
do por el 8rea de la seccién de configuracidén de la excavacién del cimiento de la
presa, En adicién, se consideré en cada ejemplo que la cimentacidén esté ya en --
roca, de tal modo que tanto el tapete como la pantalla de inyeccién son los an-
ticipados en los planos y especificaciones,

TAPETE DE INYECCIONES.

Las perforaciones para inyecci6n en ''tapete'' (perfs. '"B') usualmente son de
poca profundidad no mas de 5 a 10 metros y son utilizados para remediar los de-

fectos de la cimentacién, tales como fracturas en la roca reduciendo la perme.

bilidad y aumentando su resistencia.
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Aunque las perforaciones de tapete pueden-ser barrenadas normales a la super-
ficie de la cimentacién, hay considerables razones en dirigir las perforaciones
pafa intersectar caracterfsticas especificas locales identificadas en el cimiento
de la presa durante ia excavacién.

E1 tapete de inyeccitn debe terminarse antes de la construccién de la Corti=-

na.

PANTALLA DE INYECCION,

La pantalla de inyeccién en presas de tierra y/o de enrocamiento se te;mina
usualmente antes de que la presa sea construfda y se ejecuta desde un dentellén
de concreto excavado en zanja sobre la superficie tratada de la trinchera. Una
notéb]e excepcibn para el tiempo normalde ltas operaciones de inyectado; es el in
yectado después de la construccién desde un dentellédn de concreto éxéaQado en -
zanja en el 'talén de aguas arriba de una presa. Un ejemplo de inyeccidn desde
una zanja rellena de concreto (dentell6n) excavada en el cimiento en una presa
grande de tierra eglel caso de la presa Dillon, Colorado en EE. UU, donde se =~
inyectd desde un dentellén en el lecho de roca, en el fondo de la excavacién de
un depbsito de grava. -

Las pantaf!as de inyeccidn de la cimentacién de una presa de concreto es -
més efectiva después de terminada la presa, en el tiempo en el cual la carga -
total de la presa estd ejerciendo sobre la cimentacién. En talesicircunstan-=
cias altas presiones de inyeccién se pueden emplear tal que garantice el méximo
recorrido de la lechada en todas direcciones a lo largo de las trayectorias del
flujo intersectados por las perforaciones de inyeccién,

En las presas de gravedad y arco gravedad de mediano tamafio o grandes, es
préctica com@n construlr una galerfa en el interior de la presa para de ahl ba-
rrenar perforaciones de inyeccién (Perf. A"} y perforaciones de drenaje (Perf.

IIDII).

o
it o
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En el cimiento de pecuedfs presds de zrovedad y presas de

z2rco delgedas, le&s inyecciones se pueden efectuar desde un den-
telldn 2 lo largo del contecto ddl pargqmento de 2guas arribs de
la presa, con l& rocz.- A falta de datos geoldgicos gue indiguen
otra coss, la profundidad de las perforaciones de la plantillea-z
de inyeccidn de pantalla se determina por Férmula.- Una férmula
conmunmente emplesds estezblece cue la profundidad vertical de la
pentalla de inyeccidn deberd ser un tercio de 1l lture de la pre
sa & pertir dé la slevacidn del brocel de las perforeciones més
15 o 20 metros.— En donde las condiciones zeoldgicas de la cimen-
tceidn son conccidrs, laés nrofundidades de las perforscionss de -
pantalla no se besan en una formula, sino gue, son determinadas -
por le locflizzcidn & profundided de los accidentes geoldgicos -

inyeccidr de lechada pars remediar o mSjorer sus -

o
=
m
H
©

V2
<
-
4
H

3
o]
I.J

L3

proaniededes fisicas,zerc reduclr o eliminar potencitles filtre—-—
Bl esprciamiento y secuencig de le plantilla de nerforesci

e
telldn o gelerie es de sumt importancia.-— Generclmente se nlanssn
plantillas de perforecionss de péntells espaciados 3 M. descompo-
niendo 1z medide de distancia entre ellos ¢ mo une distancit in--
clinada o unz disténcis horizontal con la estipulacidn de afadir
perforecién donde se recuiera,-~ Es prdctica zceptada la secuencia
de b@r;enacién e inyectedo, controlado por una plantilla cerrada &
unos 24 metros de seperccidn parz un lecho de roca de propiedades
unllormes v bajes permeabilidrd promedio.- En 1la flgurc(g§7%on51—
dera gue 1l toma de lechzda en ced& perforacidn es ingignificante
y aue, como la plantille es cerrede, las perforaéibnes son barre-
nadas sucesivemente & menor rrofundided segin la fdrmula de bpro-
fundided.—=-Eh un ejemplo real la determinacién de la profundidad
de las perforeciones intsrmedies se controla por la experiencila -

en las perforeciones precedentes, @si otorzando gren versatilidad

&1 procedimiento.-—

——
S et
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Excepto en situaciones donde los materiales de la cimentacién son uniformes
y las estrudtu;as geolégicas son muy simpies, operaciones de inyectado y pantalla
deben ser conducidas sjempre y con una supervisidn muy estrech; por un geblogo
experimentado.~ El conocimiento de las condiciones de la cfmentacién obtenidos
duranfe las investigaciones preliminares y. en las etapas de disefio casi invaria-
blemente no proveen un entendimiento completo de la focalizacidn exacta, dimensio=
nes y propiedades de las caracteristicas geol6gicas subterréneas que puedan promo-
ver ajustes en la cimentacién durante la carga o permitiendo filtraciones excesi-
vas,

Examinando los fragmentos de las perforacicnes de inyeccidn y si ée juzga =
necesario, la recuperacién y examen de nlcleos, se facilita el registro de los
rasgos gruesos y de pequefa escala que contribuyan a aumentar la apreciacién de
los detalles geolégicos subterr&neocs y su reconstruccidédn cada vez mas precisa.

La prueba de aqua a presién no se requiere porque el coﬁsumo de lechada me-
dida sirve al mismo prop6sito particularmente si las mezclas iniciales. sen del-
gadas.

‘Las figuras 10-8 sugieren los requerimien;os de consideraciones cuidadosas
de la geologfa subterranea en su localizacibn y determinaci6n de la profundidad
de la pantalla en una variedad de situaciones tales que peligrosas y potenciales
filtraciones por debajo o a los lados de los 1Tmites de la profundidad de la -
pantalla por medio de la férmula pueden ser reducidas o eliminados, Solamente
perforaciones de localizacién especial o de profuﬁdidad (1tneas fuertes) en ex-
ceso de aquellaé calculadas por la férmula se muestran en la figura 10-8.- Se
considerS que el espaciamiento de la plantiila y las profundidades por medio de.

la ffomula de las otras perforaciones se mantendrén para la pantalla completa -

de toda la cimentacién.

O
o
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EJEMPLOS DE PANTALLAS DE INYECCION.

Las figuras 10-9 ., 10-12, ilustran ejemplos de pantallas de inyecci6n en las
cuales Ia'profundidad, la presién de inyectado, y la consistenéia de !as lechadas,
fueron controladas por la geologfa de la cimentacién, En cada ejemplé un entendi-
miento de la geologfa de la cimentacién .se obtuvo de los nGcleos de las perfora-
ciones de exploraci6n anterior al disefio y construcci6n de 1a presa, mapeando los
detalles geolbgicos de la superficie antes y durante la construccibn y continuan-
do las observaciones del progreso de-las operaciones de inyectado., En cada'presa.
una plantilla cerrada a 24 metros fue empleada, y como se fue requiriendo, perfo-
raciones adicionales se hicleron para remediar condicliones especiales:

La figura 10-9, ilustra el resultado ae pantalla de una parte de la cimenta-
citn de la presa Dillon en Colorado, Una presa de tierra situada sobre una suce-
sidon de fallas incllinadas, v, en el sitio, estrechamente fracutadas, las roca
sedimentarias. Un problema particular se presenté por el fracturamiento cercano
en las areniscas fré&giles y cuarcitas en la formacién Dakota, Fig. (10-10), en
lTa cual, antes del inyectado tenlan alta permeabilidad de circulacitn de agua -
subterranea,

En la figura (10-11), estd en proyeccibn en un plano vertical la pantalla de
inyeccién de la presa Williams, Fork, Colorado, una presa en ‘arco de pared delga-
da. Las perforaciones para inyeccifn fueron barrenadas desde un deﬁ;ellén en el
contacto de aguas arriba ée la presa con la roca a un &ngulo de 60° de la verti-
cal e inclinadas sobre la presa.- Preliminarmente las investigaciones geolbégicas -
y exdmen subsecuente de la cimentacién durante las‘excavaciones, revelaron la exis
tencia de un sistema de fallas esencialmente verticales de pequefio desplazamiento
e intersectando gneises metambrficos cristalinos y esquistos,- La direccién de
las fallas esté generalmeﬁte.cruzando el eje de la presa y sus existencia crec
la probabilidad de fuertes filtraciones por débajo de la presa por 1o menos donde

ellas fueron sellados con léchada. £%
-
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ﬁurente las gperzciones de inyectzdo, unc fella de grovedead
por deslize-miento, no conocida pre?iamente su existenciajfué des-
cubierts y tratuda.-

Le figura (10-42)+ muestrs unz porcidn de la pantalla de —-
inyeccidn perforada desde una galeria en la presa Gross, Colorado,
uns cortine de concreto de arco-gravedad descansando sobre un gra-
nito masivo.~ Lz penetrscidon de 1z lechada fue especielmente nota-
ble a8 lo largo de una falla de gréveded por deslizamiento inclina-
dq- hzciz el piso del cafidn.-

INYECCIONES EXTRAS PARA PROPOSITOS ESPECIALES.

a coastrucceidn de 1a

[

press, o como condiciones geoldgicas imprevistas se menifiesta en —

M
[

Duriznte les investicaciones &nteriorss

I

12 exccvecidn de 1z ciuentacidn, lz nscesidad de nerforociones —-

"extros" wvrrt propdsitos especisles ( perf. "C") gue pu=aden llezer
0

Y o o crs A PN -~ oy et M . P
2 zgr evidentes.— Zstas werforfciones zon borrsnldilfs e Ilnysctadas
nart nejorsr lé resisteancit y/o raducir 1z permeannllidsd ce 1l roca

~ue ne son intersectdaés por perisricisnes de te
Eilsmwlos de condicionss ds cimentscidn cue reculeran in
"exhro" se muestrar en'la fiz. 10 - 13 .- Lz profundidad, direccidn,
e inclinecidén de las perforaciones ss determingn por la geometria -
tridinensional de las zon2s incompetentes y/o rocas nermeables asi
reveladéas por la observacidn de cempo del lecho rocoso expuesto en

las excovaciones de la cimentacidn y comportamientos.-—

w4 w0 CONSISTENCIA DE LA LECHADA Y PRESIQONES DE INYECTADO.

; El propdsito del inyectado de la cimentzcidn es el mejora—-
miento dél zumento de resistencia de 1los materiales de la cimeanta-
cidn, y generclmente considerando aun més im,ortante, el llenado y
§ell=sdo de vias potencizles de filtrscidn. Pare reazligar este —-—
proposito en muchas circunstanciasf%equiere del ejercicio de una
gren hebilided y juicio en 18 locslizcoidn de las perfortcioaes, —-

control de presiones de inyectzdo y de consistencia de lechadas.-
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Le localizecidn y profundiad de lés perforaciones se deterxminan
por el conocizisnto de las condiciones zeoldgicas locales y nor la —
exneriencic obtenida durznte el progreso de las operccilones de in—-
vectado con ung cuidadose sﬁpervisién, excepto las presiones y con-
sistencia de las lechadas deberédn bestrse en coasideraciones —-—
altemente subjetives.— FEn su realizacidn, no es sorpendente, que
existan amplizs divergencias de opinidn y de wmrocedimieatos presen-
tes parz el conitrol de superficie de 1&s operaciones de 1inyectivado.
Ls hahilidaed de 1z lechads de cemsnto »erc penetrer espicios
zhiertos 1ntcrc nectados estd limiveds wor las dinasnsiones de los

s de -

o

snuzclios &viexrtos ¥ de la cantided y medide de les per ticul
cemento suspendides en la base de zgua.- Aberturas.ligsramente mds
grandes cue el tans®o capilar pueden permitir la libre circulacidn

rd ero ) .
del zrus subterréneaP8on rellenciags répidancente v obstruidas DY -~

lees perticules de cemsnto ¥y el trenstrris lazeral yfo varticgl de
la suspeasion de lechads s Zrondemsnis imnedide o jarado. En -
abherturts mas zZrendes presuno 240 vigs interconectias de circu-—-—
lacisn, 1z susven=zidn de lechads sz rusve con Tfacilidad ¥ en &liu——
nos cesos viale sorpresivemente zrondszss distonciés.

Si 1la cireulscidn fazcil continué con el progreso de las ope-—

racionss de inyectido, l& suspension es gr:duulmenue espesada y -—
si es neceszrio la presidn correspond:znie incrementada hasta gue
el rellenado de las abesrituras posibles,se indice por el rechazo -
de la perforacidn parc aceptar lech:de edicionsl. Esczpes de —-
lechade en le superficie deberdn ser cslefateadas o de zlguna ——
otra mzneres selladss pars fomentar el confinemiento subterrdneo -
de l& lechzda.-

La definicidn de "delgsde™ y "espess" no son precisas pero,
generelrente, mezclasv"delpadcs"son intverpretcdes pars significer
mezclés preparsdes por mezclado de 8 a 10 vollmenes de arsua por
unoc de cemento.-—

liezeles espeses tienen ung proporcidn en volumen de agua-—
cemento de aproximademente 1 : 1 , 0 esfesures que no sSe&en mayores

itg
de t&l modo cue l& lechadz no puede ser bombesada con fecilidéd.-

. 59
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'En l2 précticz 12 experimentacidn con pronorciones de zgua-ce
mento en les etezpas iniciales de' inyectzdo pere determiasr les condi
cioanes Jptimas pare le citculscidn siemnre es muy util. En alzunas
circunstancias en roces muy fracturadas, en rocas solubles cavernosszs,
teles como celiz&s y grevas de alte permeabilidad, son indicadas ini-
cialmente mezclas espesas, y aditivos inertes, tcles como &rcilla o are-
na pueden ssr afisdidas 2 la suspensidn de lecheds como relleno ecodno-
mico.- La detsrminacidn de las presiones usadas en las onerzciones de

inyececidn requiere proceder con Jjuicis, ¥y depende de lés condiciones

o
H

netureles locrles. Cusndo las pnregic.aes de 1e lechzda exceden de ci
tos limites criticos, existe 1s posibilidad de que 1& roce de cimenta—.
cisn pueda ser dislocads, y se formen vies de circulrcidn cue no exis

tian o©nrevismente, Les posibles consecuencics, del uso excesivo de les
ds vwor le refzarencic de 1lé I11.16-14.

nwrezlc.:es en 1 lechede, se ent

ncicl de lechada, ¢ les como fractu

res plengs o un nlsno de estretificrclon sedimentaris, v cue Fis.{10-14B)

recion similer interceprte un nlano inciinado de circulreidn

Fig. (12-14L) 1l provundidad de uné viz confinadse hori

presidn de 1l& lecha

W]

zontelimente se indicn comoch)y se considera gue 1
da en la perforaciin en el wvunto de entrzda dentro de lz via es aproxi
madamente la misme2 gue la presidn indicade por el mandmetro en la super
ficie. La entrcda de lechcda dentro de la viz disloca la masa de roca
arrive de le vie, y por zccidn de cufiz y ajustes ;6caies, eldsticos
v/0 pldsticos en laz roce tienden & emplisr la vie de manera que permita
la gifusidn laterel de lechada, Asi, por el movimiento de asua subterra
nea, las fricciones @ lo loargo de lz vie reduce la presidn del fluifdo
en cuaélicuier punto, en funcidn de 1z distzncie de 1la perforaci’n, pero
& medide que 1le via se zmplie, las fricciones llegen 2 ser del mismo
orden de m&gnitud como le presidn registrsda en el mandmetro.

La fuerza de elevecidn’ bajo 1o presidn de 1la lechada en una vie
horizontel puede ser fecilmeate cslculcia en funcidn de 1z presidn de

cuzlruier punto de la via.
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Considerendo que le densidad de 13 roca es de 2.6, cercsz del pro
medio del pranito,. l2 tzbla 10-1 fué preparada e indica las zlturasch)

de una columna de roca cue puede ser elevada, como unz funcidn de la

1

presidn en cuslcuier punto & lo largo de la vie horizontal. Ls tabla se
calculd determinendo que la presion vertical ejercida por una columna
de roca de densided 2.6 se incremente por 1.125 psi por vie de alture
afizadido.
TABLE 10-1
Alturs de une columnz de roca de densidad 2.6 que puede ser des

Plzzede hecia srribé sor lechade bojo presidn en une vie confinade hori-

Presidén ( psi ) n { £t ) )
10 8.3
59 44.4
19D 28,
220 . i77.7
300 266.6
' 497 355.5
500 444.4
10920 £35.8

En lz Fig. (10-14 B) 1lz viz inclinads & un fngulo Z-de le horizon-
tel es mostredo. Le presidn ejercide hacie zrribz verticelmente de la le
chzde en cualquier punto de ls vie se ohtiene por multiplicacidn de 1la

presidn de 1la lechzda por el cos @. Clarzmente el peso de 1la columna de

—

roca rue se Gproxims en cualguier punto decrece & medida que la lechada

]

se scerca-2 la superfivie, asi se explica el incrzmento fécil del movi-
miento de 1l¢ lech&da hzciz le superficie. Cuendo F=90%, t&l que la via
de circulacion es verticzl, la presion completz de la lechada es diri
gida horigontalmente, y grandes presiones son imgprovables ogue causen dis
locaciones exteansivas de 1l& roca, excento en velles de tszliudes escerpados.
L ceuse del esmgplio rengo en complejided de los sistemas de circula
cion subterrénes no es posible establecer unz fdérmula rigida parz contry
lar les presiones en 12 perte superior de 1le perforacidn. For las Tazo

n
nes subreyades &rribe, debe tenerse cuidado en mantener bsjés presiones

a1
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de 12 lechazda donde las perforzciones intercepten vias en el fondé de los
"velles y vias paralelas e lo largo de estos, especialmwente durenie. el
inyectado de tapete. Pare las pentesllas de inyeccidn la regla gue se si-
gue slgunas veces estsblece gue la presidn en una lechada delgada inicisl-
mente se incrementz hasta un nivel el cual establece una circulacidn 1i
bre (considerando presentes vias de circulacidn) pero no en exeso de

le presidn hidrostafica colculéda del 1llenado del embslse & 1la elevecidn
de 12 bocz del barreno méds 10-50 psi. Le pre=idn hidrostdtice del agua
incrementada 0.433 pei por pie de profundidad. Por supuesto le presiéh
hidrostdtice de la lecheds en 1a perforucidn se increments con 1z oro

fundidsd, pero.estz presidn usualmente se ignore.

£ medids gue las mezeles de lecheds son espesadias y se EproxXima

S
la perforzcidn 1 rechizo, lp presidn nuede ser graduclmente incremen,

tade, pero excentuando psrforsciones profundés en rocis de £1ts resisten
cieg no deberé sernitirse excsder uneé presigdn d=1 doble de 1s cilcula-
df7 con 1la cerga hidrostdtico del llenado del embzlsze o 12 elevecidn de

W

1z bocez de lz ner’or:cidn mfs 10-50 psi.

Une experiencis no poco comun €5 ung cazide répids de Jsrecidn en
el mandémetro cusndo le lechede bruscamente Forgé su caminoe en uns nue

viz de més fdeil circulefcidn. Cucndo ésto sucede, la presidn de la

i

v

-

lechzde &an reducides v continuades 2 un nivel Justo suficiente par:z
méntener la circulacidn.

Premeturo espesciiento de 1la lechazdz o reduccidn de le presidn
para cesusar ml rechezo en lz perforzcidn deberd ser evitado = menos cue
pueda ser demostrazdo que 1la lechada se este escapando & un pogo super
ficial fuere del dres de fundacidn.

Mientrazs que la lechadz esta circulaado = .az2lgin lugar de la cimen
tzeidn o muy proxime 2 elle, se deberé considerar que esto estd contri
buyendo & un mejorcmiento de leés propledades ingenieriles de los nate
rizles de la cimentzcidn y 2 une reducecidn en la permeabilidcd de lss
filtreciones. .

PERFORACIOHES DE DREVAJE Y OBSEZRVACIOH, POZ0S, Y PRISKAS POROSOS.

4 pesar de los culdados en las opercciones de inyectado del téepe

-

te v pentslle, existe le _ositilided , e indudabliemente 12 probsbilidad
»
)

yun

7AY
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de gue no todas laés posibles vias de circulscidn de zgus subterrdnee
heyah sido intersectadas y selledas por lechada. fLpreciaciones de la
efectivided de las operaciones de inyectedo usualmente no es posibl.
hests que el embzlse atras de la presa este parcial o completemente
lleno. Por consiguiente es una précticz estandar, barrenar perforacio
nes, excevar pozos, o construir prismes de drenaje porosos szuss aba
jo de 12 pantalle de inveccidn parz ‘interceptar el esué subterranea
que pase & trevés o por debejo de la pzntella y para faciliter la ob-
servacidn de los volumenes cembiantes del flujo con el llenado. y vacia
do del wvaeso.

¥n uns prasa de tierre la cual cubre el dentelldn, excesives fil-
trociones & trevés de le pantzlls d=spués del llensndo del vaso pre’
sentc un sran problems que vusde no - ser remedisde por cuglguier me
dio simple. Prcrc prevenir zsi un acontecimiento es  aparente cue ten
to la pantrzlla como el tepete zntes del emplezemiento de 1la presa debe

Girisirse con gréen cuidode ¥ £tencidn mesiculose pere detolle

zeolo-~ia de la cimentecidn
in presgs de concreto zrovedid vy erco-gzrévedad les cuales conta.
zrlerizs de iayeccion 7 en leés preses de &1CO. delgedos inyeccio

rfoxr

aen

iones de drena

(L‘J

N
0

3
nes de zep:récion utilizendo la existencis de pe
je o herrencndo nuevEnente perfirecicnes , no presenten problemss insu
perables.

REFORZANIZNTO DE L& ROCL POR fNCLAS Y CABLES.

Las mesés de roca fracturada o rocss sedimentariss débiles en
lzs cuales los pleanos de debilided son inclinados hacia el fondo de
un valle, v mesz2 de roca compleje y deasaceate fraciturada, sin hacer
ceso de 17 orieatacidn de lzs fracturasfyéﬂgg} inestables y pueden pre
sentar uns constinte 2menaza de colapso por falladura de talud, espe-
cizlmente si sus propiededes son cembiadas oor la expoéicién a la
atmésfere o los mases son penetradas por el sue bajo presidén del em-
bzlse. Si en el interior de las excavesciones rocaes estratificadas y
frecturedes son éantenidas wor 1& presa, las fallas de talud pueden

no ser consideredas un problemc. Afusrs y erribr de l# srese, sin embar

W]

z0, mfses inestebles pueden 1le er £ ser #ctives come DERIC CAUSAr un

P
55
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llenado parcial del vaso, obstruyendo las estructuras de desvio, o dafios flsicos
a la presa y obras auxiliares.

Aunque el confinamiento por la présa de masas muy” fracturadas dentro
de la cimentacion previenen fallas de talud, tales masas pueden tener una capa-
cidad de resistencia inadecuada y, si las fracturas son orientas en direcciones
criticas, pueden contripufr a una dislocacion desigual y fracaso de una presa;r
El tratamiento de lechada,de las fracturas de los materiales de la cimentacion
incrementa el aumento de resistencia y reduce permeabilidades, pero en algunos
casos, el reforzamiento per: anclas de varilla y(P cables de acero tensionados
se requieren‘para estabilizar y proveer la resistencia adicional para el factor
adecuado necesario de seguridad contra fallas ya sea en el cimiento de la presa
o en su vecindad.

Las anclas y los cables, si son apropiadamente utilizados, incremen-
tan la resi;tencia de las masas de roca por la tendencia a cerrar fisuras abier-
tas y por el aumento de la resistencia al corte a lo largo de fracturas y estra-

’

tos débiles por incrementc de la resistencia por friccién.

Las anclas y cables no ser&n efectivas si no son debidamente ancladas
de tal modo que puedan ser tensionadas. Las anclas comunmente tienen un disposi-
tivo corto de anclaje por expansi6n en el extremo del! fondo y requiere roca firme
para su anclgje efectivo, Se estd incrementando el uso de anclas de varilia y ca-
bles haciéndose el anclaje con resinas de rapido fraguado de aita resistencia. -
Las resinas funcionan bien aGn en materiales de baja a moderada resistencia y tie-
nen la ventaje de proveér tramos anclados de cualquier longitud deseada por con-
trol del volGmen de la resina vaciada dentro del barreno. Los cables se usan en
perforaciones mas.préfundas que aquellos barrenados para anclas de varilla, pero

‘pueden ser usados en lugar de anclas de varilla bajo muchas circunstancias.

ET uso propio de anclas o cables requiere del conocimiento de las -

propiedades fri;cionantes de los planos de debiiiaad y esfuerzos cortantes que

cavsan digloracidn 8 lo large de éstos planos £4
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El coeficiente de fricci6n estatico, K (Fig. 10-15) por definicibn es 1~
relacidn de la fuerza del corte, S, necesaria para iniciar el movimiento de “
superficie sobre la otra, a ta fuerza N, actuando normal entre las superficies
de contacto y tendiéndolas a presionar una contra la otra. -

Si convertirmos la fuerza a esfuerzo por unidad de &rea y, tomamos en cuen-~
ta la relaci6n angular en la figura (10-15), tenemos:

A K = S/N = GE/ fn = Tan @ (10-1)

En la Figura 10-15, S y N se consideran componentes vectoriales de la fuerza

G de gravedad, .

Después de que se inicia el movimiento a lo largo de las superficies de con-
‘tacto bajo una fuerza dirigida paralefa a § las relaciohes de fricci6én se especi-
fican por un coeficiente de friccién cinético, el cual generalmente tiene un va-
~lor mas pequefio que el coeficiente estatico de friccion,

En el siglo dieciocho, Coulomb, un fisico francés, observd que la resist- -
cia al corté (resistencia cortante) asociado con deslizamiento de una superficie
pasando sobre otra, depende de dos factores, los cuales é1 1lamé friccién inter-
na y cohesién respectivamente y establecid la relacién eﬁpftica.

S= (nxTan P + ¢ ‘ (10-12)

El valor de c depende de la tersura o rugosidad de las superficies eh con=-
tacto, y en algunas situaciones de la presencia o ausencia de poros de agua o
de un relleno de material débil tal como la arcilla.- La rugosidad de las super-
ficie de contacto en substancias fr&giles produce trabazén, los cuales resisten
las dislocaciones haéta gue ellas son removidas por frotamiento o trituraci6n.-
En muchas rocas los movimientos a lo largo de las fracturas es acompanado por una
reducci6n en el valor de ¢, tal que, se aproxima a cero.- En cdlculos de ingenie-
ria destinados para garantizar un factor adeéua;o de sequridad, es préactica co-

min despreciar el valor de ¢, donde asf, valores para el esfuerzo cortante me
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nores que el esfuerzo real.

E1 agua bajé pfesién en fracturas o en boros actfla reduciendo el esfuerzo
normal efectivo en una cantidad iqual a la presidén. En la Fié. 10-15 las pre-
siones piezométricas, positivas al vector de fuerza N, vy actuando simaltaneamen-
te reducen el valor efectivo de G y S reduciendo asi el esfuerzo cortante a lo -
large de la superficie. Esta condicién se expresa por :

S=( G;-u)x Tan @ + c
en donde © es la presion piezométrica.

El deslizamiento de una superficie sobre la otra puede ser inducida por in-
crementos de la fuerza S actuando en la direccién de la superficie de potencial
dislocacién o por incremento del &ngulo @ de la superficie inclinada.- Fig., --.
10-15 ese anguio de resistencia friccionante en el cual el deslizamiento espon-

_taneamente puede ocurrir (# ) es algunas veces 1lamado &ngulo critico de repo-
SO 0 més si%plemente, &ngulo de reposo y puede ser calculado de la ecuacion --
10-3, cuando S, N, u y ¢, han sido determinados experimentaimente ya sea por dis-
locacién a lo large de una fractura o a io largo de un plano de debilidad de la
roca, tales como planos de estratificacion o foliacién,

Los &angulos calculados de rocés en reposo, conmunmente son del orden de
35° a 507 excepto en rocas débiles, incluyendo lutitas pobremente endurecidas y
piedras arcillosas, las cuales pue&en tener &ngulos de reposo tan bajb como cer=-
ca de 20°. ‘ v

En muchos materiaies débiles no consolidados acufferos el valor para # cri-
tico comunmente anda en el rango de 10° a 207 én pendientes naturales en valles
en los cuales hay fracturas o estratos de materiales débile;-inciinados hacia el
fondo del valle el &ngulo de reposc raramente excede 40°,- Los é&ngulos més al-
tos de reposo son cbservados en rocas firmes en las cuales las superficies de

contacto a lo largo de planos de fractura son rugosas y bien trabadas. Un pro-

-
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cedimiento Gtil, es 1a medida en el campo de la inclinaci6n de &ngulos de e.  .ic~
turas planas los cuales fueron excedidos y que han resultado en fallas de talud.
Algunos &ngulos criticos de reposo y el correspondiente coeficiente de fric-

cién estatico se dan en la tabla (10-2)}.

TABLA  10-2

ANGULOS CRITICOS DE REPOSO Y COEFICIENTES DE FRICCION ESTATICA.

Ang. de reposo K= Tan @
@ critico
(grados)
10 0.18
20 0.36
30 0.58
Lo 0.84
50 1,19

El reforzamiento de la roca en taludes dentro y en la vecindad de las e
cavaciones de una presa se disefia para estabilizar y mejorar la resistencia de
las masas rocosas en las cuales las fracturas o estratificaciones estdn inclina-
das hacia el fondo del valle o para estabilizar masas completamente fracturadas
las cuales podrlan colapsarse por movimientos conjuntos ya sea esponténeamente
o por causa de taludes muy escarpados o por remocién de soporte durante la exca-
vacién. Los procesos que promueven desl!i{zamientos a lo largo .de plancs de frac-
tura o debilidades reduciendo de hecho el &ngulo crftico de reposo, incluyendo
la penetracién de agua bajo presibn, humedecimiento y expansibn de arcillas en
rellenos, acciédn de congelacibn, y, donde las estructuras -planas estdn casf en
el &ngulo de reposo, bruscamente se dislocan por temblores de tierra.

Cuando se usan anclas y cables para reforzamiento, éstas deberan ser ins-
taladas cercanamente al &ngulo recto a planos y fracturas de debilidad como sea
posible.- La razén de esto llega a ser obvio de la inspeccién de la figura 1C

la cual muestra una fractura inclinada de la superficie a un &ngulo de 307

~ ™
o7
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E1 &ngulo § es ligeramente menor que el &ngulo @ crfitico, que es el &ngu-
lo de reposo, pero para estar del lado de la seguridad en los célculos, § se con
sidera ser igual a # critico.- Realmente no ha habido deslizamiento é lo largo
de la fractura porque @ es menor @ critico por una pequefia cantidad desconocida.

En la figura 10-16 A, un diagrama de fuerzas, (1) d& un coeficiente de fric-
cibn estética, K, iqual a S/N= Tan 30°= 0,577 considerando que el &ngulo de repo-

so es de 30°. Resultado de la fuerza de gravedad, G, da una componente N, normal

‘a la fractura y una componente S, la cual es la fuerza que tiende a causar el --

deslizamiento a lo largo de la fractura.- El efecto de cohesién c, en la gcua-

cién (10-2), no se considera. En la figura 10-16Aun ancla tensionada produce -
unz fuerza F, actuando en la misma direccién como, N, y arbitrariamente.. fijada

igual @ N,.~- A causa de que S permanece constante y la fuerza normal a la frac-

‘tura es ahora F + N = 2N, un nuevo diagrama de fuerzas (2) resulta y el valor de

Tan @ = S/E+N= 0.27 el cual corresponde al coeficiente de friccidén y al &ngulo
de reposo de un material hipotético mucho mé&s débil que el material real bajo -~
cénsideracién.

Para determinar la fuerza, S! necesaria para iniciar el deslizamiento a lo
largo de la fractura después de instalada y tensionada el ancla, otro diagréma

de fuerzas (3) se construye. De las relaciones K= S/F+N=Tan 30°= 0,577 se deter-

stmina que S = 25, esto es, instalando y tensionando el ancla, se ha duplicado la

resistencia al cortante a o largo de la fractura.

En la Fig. 10-16 B, el ancla se instalé verticalmente, paralela a la direc-
cidn de la fuerza de gravedad, G.

El dfagrama de fuerzas (1) anteslde la instalacién del ancla es idéntico con
el diagrama de fuerza inicial de la Fig. 10-16 A.£El diagrama de fuerzas 2, se
considera arbitrariamente que la fuerza ejercida por el ancla, F, es igual a la

fuerza de gravedad, G, y una nueva fuerza cortante, S'", se calcula.
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Sin embargo, aunque S'' es el doble de S, la relacién S''/N'' en el diagrama de fuer=~
zas 2 es el mismo como S/N en el diagrama (1) y ambas relaciones igual a K, el 2=
ficiente de deslizamiento de fricci6n, Asf la sola contribucién que el anclavhace
para prevenir el deslizamiento es la resistencia de la propia ancla, excepto, posi~-
blemente dégun incremento en el valor de ¢, €] factor de cohesiéé en la ecuacién ~-
10-2, o 10-3. |

Usualmente no es posible calcular el espaciamiento y tensionado de las -
anclas ko cables de acero) requeridas para estabilizar y proveer un predeterminado
factor de sequridad en rocas complejamente fractudas. No obstante a veces la geome-
trfa del espacio facilita c&lculos simples que prueban ser muy Gtiles. Un ejemplo.
estd provisto en la Fig, 10-17, en la cual se considerd que una losa de roca estd-
resistiendo muy cerca del &ngulo de reposc sobre una fractura inclinada:35° hacia
el fondo del valle y roturas paralelas al valle. Para propésitos de cé&lculo se con-
siderd que la losa se extiende 15 m. paralelos al fondo del valle y las otras dimen
siones son aquellas mostradas en el diagrama;

Datos pertinentes son como sigue:

765 m3

Vollmen de la losa
Peso (2 560 Kg/m3) = 1960 Ton.
Area de la fractura por
debajo de la losa = 232,26 m% = 2 322 576 cm2
K = Tan @ = Tan 35° = 0,700

Los célculos basados sobre el diagrama de esfuerzos (1) en la Fig. 10-17 produce

los siguientes nGmeros.

@9
Qn
Qs

1

(0.84 Kg/em2)

G-g con 35°=0,84x0,82 = 0.69 Kg/cm?

G@ sen 35°= 0,84x0.57 = 0.48/Kg/cm2 y G;/ G} = Tan @ =
= 0.700

n

Ahora suponga que se desa para incrementar (f; por 50% por la instrs
lacién de anclas perpendiculares a la fractura y anclados en roca firme. Esto -
. 4 .
es, se desa determinar un valor de (fn, diagrama de esfuerzos (2), el cual co--

rresponde a (i”s = 1,5 G; = 0.72 Kg/cm? para un afigulo de reposo de 350~ ---

=
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Por consiguiente ahora calculamos un valor para ﬁﬁ usando la relacién W;> Gﬁ.=
Tan @, vy concluimos’que el ancla debe suplir un esfuerzo normal adicional a la
fractura igual a 0.34 K/c? para realizar el objetivo deseado, asT:

Esfuerzo adicional normal deseado = 0.34 Kg/c2

B Area de la fractura = 2%322,576 cm?
Presién normal adicional deseada.‘
- ' sobre la fractura = 2 322 576 x 0.34 = 789 676 Kg (790 Ton).

Supbngase que el ancla que se instalars debe ser tensionada a L 530 Kg.
Entonces para obtener el nimero requerido de anclas dividimos 789 676 Kg.+ 4 530
y llegar a 175 anclas, esto es aproximadamente un ancla por 1.33 mZ. Ademé&s, in=-
crementando el esfuerzo cortante a lo largo dé la fractura estd la resistencia -
del ancla misma la cual deber& ser cortada antes de que el movimiento se inicie.
En muchas situaciones la instalacién de anclas reqdiere de cuidadosas evaluacio=
nes subjetivas de las condiciones existentes. Comunmente desconocidas son el -
angulo de r;poso el cual determina el coeficiente de friccibn, la geometrfa --
exacta y resolucién de fuerzas en masas complejamente fracturadas, la extensién
para el cual los poros de agua bajo presidn pueden modificar Gﬁ y el valor de -
¢ en la ecuaci6én 10-3.

Combinando inyectado con anclas o cables instalados se producen excelen-
tes resultados. En taludes inestables el inyectado se hace después de la insta-
lacidn de las anclas. En masas confinadas muy fracturadas el inyectado de la -

: & .
cimentacidn deberé ser primero y sequirse con la ins%alacién de anclas tensiona;
das o cables para obtener resultados 6ptimos. Varios ejemplos del uso de anclas

y cables de acero se muestran en la Fig. 10-18.

ESTABILIZACION DE TALUDES EN EL VASO,

Donde existe la posibilidad de fallas masivas en taludes del vaso, ya =~
sea vacfo o lleno, se deber&n tomar pasos apropiados para estabilizar los talu-
des.- EIl remedic particular que se emplee en cada caso depende de la naturaleza

de las condiciones locales. Excavaciones o anclajes de acumulaciones inesta--

=0
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tables de materialeslno conscl idados y excavaciones o estabilizacién por inyec-
tado, anclas o cables de acero en taludes inestabiles de roca deber&n ser con.
derados como rutina en situaciones donde a corto o largo plazo la integridad del

vaso es amenazado por fallas de talud.

INFORME FINAL DE CONSTRUCCION,

En adicién para un resumen de todas las operaciones de ingenierfa y
""ecomo se hizo'"; los dibujos al final del informe de construccidn deberdn conte-
ner ;eticulosamente preparado, mapas y secciones de 1a cimentacidén y empotramien
tos de Ta presa y de las obras auxiliares; tabular y narrar condensadamente todos
los aspectos de construccidn relacionados al tratamienté de los materiales de -

la cimentacidén para mejorar su resistencia o para reducir filtraciones subterré&-

neas,
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Fig.,

10-1.

- L TmPeRvious o)

. MEMBRANE .. -

o \

Secciones de preses de tierra y enrocamiento
sobre depdsitos no consolidados.-

A.,— Presa de enrocamiento. L@ membrzna impermeable
(de concrero asfdltico) se extiende desde un -
dentelldn en el lecho de roca.-

B.,- Trinchera que se éxtiende.hasta la roce bassal,

C.— Trinchera que penetra a una capa impermeable
de un relleno no consolidado.

72



BT GROUT CURTAINT, §
el

g
R

T 7 ’/'7;‘.
2 ey R
- ’,2,2'/////;://’/','.
:;,//, - CORE ’-:////f N
‘ A £ ” A
S A //475?
/////’,»4',”.,/ f;/;?”/,/ e,
5 (o L
v~

AR NIAY
S

P

ZE

> ni/f,\z” SN
;ﬁfﬁﬁ%éz )
pns

P
2

A - =
— TR L D T

Fig. 10-1. ({(continuacion)
Secciones de presas de tierra y enrocamiento
sobre depdsitos no consolidedos.-

_D.- Trinchera que se extiende & una capa de material
impermeable no consolidado.- Las perforacidnes -
de inyeccidn se extienden 2 trzvés de una capa -
de caliza de 12 roca basal abjo del relleno..

E.— Una trincheraz estd provista por un tablzestacado.
hincado en uns capa de msterial impermeable,-

F.- El1 flujo por debzjo de la presa es reducido por
ung capa de méterial impermeable colocado aguas
erribe de 12 presz (delantal impermeable).
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Fi’go- 16-20

[P

Algunas secciones de presas con la roca de cimentacion

mostrando las localizacidnes de los barrenos perforados
para el tratamiento. de 12 cimentacidn.- Véase discusidn
en el texto para explicacidnes de las designacidnes de

las perforacidnes.—

A,- Presa de enrocamiento con un talud imperme2ble de
concreto.-

B,~ Presa de tierra zonal y enrocamiento.

.~ Presa de tierra zonal y enrocamiento.

-]
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Fig.

10-2.

{continuecion)

Algunas seccicnes de presas con 1la roca de cimentacidn
mostrando las localizacidnes de los barrenos perforados
para el trztamiento de 18 cimentacidn.— Véase discusidn
en el texto para explicacidnes de. las designacidnes de
las perforacidnes.—

D.—- Presz de tierra. =

E.- Prese de concrzto gravedad con perforacidnes:"C"
intersectando una zona de falla.

F.—~ Pres2 de concreto gravedad con pantalla doble-y'
perforacidnes "C" intersectando una zonz de falla
permeable.-
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{continuacion)

Algunas seccidnes de presis con la roca de cimentacidn.

mostrando 1&as lo¢a11za01ones de los barrenos perforados
para el tratamiento de la cimentacidn.- Véase discusidn
en el texto para explicacidnes de las designacidnes de

las perforacidnes.—

G.- Presa.de concreto gravedad con perforacidnes "C"
para propositos especiales.

H.- Presa de.concretg.gravedad con filtro pofoso-para
colectar el agua de filtracidnes.

I.— Presa de concreto gravedad hueca (a2ligerazda), las
flechas indican pos1ble flujo de filtrciones pasando
la pantalla de inyeccidn
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BUTTRESS

(concluye)

Elgunes seccidnes de presas con 1a roca de cimentacidn

mostrazndo las localizzciones de los barrenos perforados
para el tratamiento de la cimentaciodon.- Véase discusidn
en el texto para explicacidnes de las designacidnes de

las perforacidnes.-

Je.~ Presa de concreto de contrafuertes. lzs flechas in-
dican posible paso de filtracidnes a través de la -
pentella inyectada.-

K.- Presa de concreto en arco.-

L.- Press de concreto en arco.-
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Fig. 10-4 Localizacidn esquemdtica de la plantilla de las per—
foracidnes de tapete y pantalla en la cimentacidn de
unz presa.de concreto gravedad., Las perforacidnes pa-
ra la pantalla se hacen desde una galeria dentro de
la presa,. .
A,- Planta mostrando la localizacidn de las perfor@icidnes
de tapete en el lecho de roca.

B,- Perfil mostrendo la localizacidn de las perfo-
racidnes de pantalla (plantilla principzal)

C.~ Perfil mostrendo el plen alterno de inyeccidn desde
galerias. Note el abanicamiento de las perforacidnes
con la profundidad, generalmente no es deseable
en roca profundamente fracturada.
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Fig 10-5

’ CURTAIN GROUT HOLES FROM
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Localizacidn esquemdticz de laz pantalla de

foracidnes de tapete y pontalle en la roca
tacidn de una presa de arco delgada.

4.-~ Planta

[

las per—
de cimen-

B.- Proyeccion en un plano vertical paééhdo a través
de los empotramientos. No se muestran las perfo-

racidnes de tapete.



Fig. 10-6 Dentelldn en el fondo de la trinchera excavada en ¢
‘depdsitos de greva para apoyo de la pantalla de in-
yeccidn, en la Presa Dilldn Colorado.- (Foto cortesia
de la Junta del Comisionado del ague de Denver)

P« - - - - -BOFELT OR 23 METERS - - "

FORMUCA DEFPTH + D

Fig. 10-7 Plantille convencidnal cerrada de perforacidn e
inyectado de pantalla. Los numeros indicen la se-
cuencia de perforacidn e inyectado.-
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DAM CREST .,

L

Fig. 10-8 ©Perforaciocones de pantella con profundidades vy 2ltitu-
des determinsdas por las condiciones de la geologie;
subterrdnes., La linea punteade indica lez mdxima pro-
fundidad de la pantella t2l como serian czlculadas
por una fdrmula sin considerar las caracteristicas
geoldzices,

A.- Barrenos inclinados especiales son perforados
Para intersectar une zona amplia quebrada a lo
largo de una falla escarpada, y plantilla de
perforacidnes profundizadas para intersectar o-
tras fellas en un empotramiento.

B.- Plzntille de perforacidnes que son profundizadas
pare intersectar zonas permeables & lo largo de
una falla de deslizamiento por gravedsd en un
cafion de paredes escarpadas en roca&s cristalinas,

C.— Plantilla de perforacidnes que son profundizadss
en un2 ctpa de c2liz2s y que se extienden pzra
cruzar una capa inclinada de arenisca fragil frac-
turads.

C.- Plentille de perforacidnes que son profundizadas en
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una cepa de calizas y que se extienden para cruzar
una ca@pe inclinada de erenisca frdagil fracturada.

Perforacidnes de inyectado que son profundizadas para

para penetrar capas fracturadas de cuarcita frdgil en

une secuencia metamérfica conteniendo esquistos y gneise

Perforacidnes de inyectado: aumentadas més alla de la pro-
fundidad de fdrmule para probar 12 permeabilidad en ca-
lizas de disolucidn.

Perforacidnes profundas de inyectado parza indager zonas
muy fracturadas asociades con plegamientos apretados en
rocas sedimentarias,-

I

DAM CREST - 5 5
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TOTAL GACRS {CUHIC FLETY
CFMENT PER HOLE

Pantella de inyeccidn 2 lo largzo de un segmento de 1la
cimentacidn y empotremiento de lz presa Dilldn Colorado,
und presa de terrazplen descansando en rocés sedimentarias
v contruida por 1la Junta del Comisionado del agua de
Denver. l&s capas de lutitas se indicen con simbolos
apropiados. Roces en capés arribz y abajo de la lu-
tita consisten principalmente de areniscas frdgiles y
cuarcitas sedimentarias (véase fig 10-10). Los -&nchos
de las barras son proporcidnales a la toma de lechada
entre los obturadores fijados.-



Fig. 10-10 Fracturamiento,cerrado en cuarcita muy permedble
expuesta en 18 excavacion de la trinchera p:-ra‘
inyeccidnes, durrnte la connstruccidn de la Presa
Dilldn,Colorado. ( Foto cortesis de la Junta del
Comisionedo del @jua de Denver) |
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Fig. 10-1Y. 'Una porcidn de la pantella de inyeccidn de la presa
Williams Fork, Coloredo, unz press de arco delgeado
descaznsando en rocas cristelinas estrechamente ciza-
lladas. E1 ancho de las berres son proporcidnales a-
lz toma de lechada entre los obturadores que se fijan.
Proyeccidén sobre un plano vertical. Mirando hacia a-
guss abajo. ILe presz fué construida por la Junts de
Denver del Comisionado del Agua.-—
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- CREST OF Dam -
SPILLWAY

T200°

\
TOTAL SACKS (CUBIC FEET) OF
CEMENT PER WALE

——————————
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Fig. 10-12. Una porcion de la pantalla de inyeccidn de la presa
Gross, Colorzdo. Note laz penetrzcidn extensiva de -
lechade en une falls de deslizemiento por -gravedad. R
Le presa fué construids por lg Juntz en Denver del o)
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UPSTREAM

Fig, 10~13. Perforacidnes extres par:z prondsitos especisles de
inyeccion (perf. "C") en la rocz de cimentacidn.

A=

Perforacidnes inclinadas desde la superficie y
perforzcidnes horizonteles desde una lumbrera
intersectando fallas profundas y fractures a
profundidad. '

Barrenos que son perforados para intersectar zo-
nas laminadas proyectadas hacia ab2jo en rocas
cristalinas frég;les. .

Estretos inclinados sedimentarios presentan po-
tenciazles filtrecidnes bajo una presa, Perfore-
ciones inclinadas son barrenadas parz intersectar
unos estratos de caliza y capas frégiles de are-
nisce,

Plantilla de perforzcidnes inclinzdas hacia el
interior de juntes y roca cizallada y & través
de plegemientos en rocas sedimentaries.

Perforzcidnes pzra intersectar juntas cercanas de
un digue igneo 2 profundidad.

Perforecidnes . "extras" paraz intersecter una zona
de juntes intemperizades en rocds cristalinas a-
bajo deuna discordencis.
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inclinedamente (véese discusidn en el texio)

Fig. 10-15. Diesgrzma de fuerzas pare determinar el coeficiente
de friccidn estdtice.
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Fig.10-16. Rock bolts intersecting 8 fracture which may localize shear dislocation. See text

discussion.
A. Rock bolt is normal to fracture.
B. Rock bolt is vertical and creates a foree parulle! 1o the force of gravity.

.

Fig, 123-15. .Apclﬁ de vzrilla intersectando une fracture le cusl
puede cue locz2lice une dislocacidr por cortante.

A,~ Ancla norme]l 2 1z frecture.

B.- Anels vertical y crez una fuerze parzlelz = la
fuerze de graveded.

Fig.10-17. Rock stab resting nearly at angle of repose on a fracture. See text discussion,

Fig. 10-17. Lose de roca reposando muv cerca con el &ngulo de
reposo sobre unz fractura. (Véase discusidn en el

texto).
' %D
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Reforzamiento de masas de roce& por encles de tension
o cables de =cero.

A,- Un tslud potencislmente inesteble en roceés
inclinedas sedimentarias estabilizsdas con
fnclas.

B.~ Bloaues de roca cristelina zrribz de fallas
ineclinades hacia el fondo del valle sujetadas
por anclas de tension.

C.- Anclas usadas para aumentar la resistencia a una
masz de roc& cristaling intersectada por corta-
durss verticales. Inyectando después del tensidnado
de las anclas seré muy util 21 proposito.

D.~ Una zona resquebrajada a lo largo de unévzona
de fella es estebilizads por cables de acero -
e inyectzdo antes y después de tensionar los- ca-

E.- Anclas instaladas en un& zona muy fracturada en
unz cimentecidén. Es recomendado 12 inyeccidn
antes v después de la instelacidn de las anclas.

F.- Instelacidn de egnclzs o cebles de a2lte resistencic
are reducir peligros de une disloczcidn posible

lo larzo de cepes horizontéles de lutita cuendo
1 veso se llene.- |9
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F1g.9-6. Graphic symbols for plotting logs of unconsolidated and consolidated {rock) materials.
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CARACTERISTICAS Y POSIBILIDADES APROXIMADA.S D.E LOSVPRINClPALF_.S

. CUADRO 262

MORTEROS DE INYECCION

Tipo de moriero

|

Resistencia

Precio relativo

Campo de

Forma de efec

a la roturag’ por m cih.? utifizacion * tuar la inyeccid.
Morteros — Suspensiones de cement ] Cantid
“§ ; o ¢n el apua Comparables 2 Fisuras de ma- -antidades no
2 inestables | - (+arena) C/A 110 2 /1 o 1,5/1 al hé)rrnigdn 42 Ciz0$ rocosos limitadas pero
e [ o fbricas obleniendo pre-
5 S - | sidgn de recharu
= T — —_——— .- .
Z Morteros — Cementos y mort Prépakt -
& estables activ;;):josor eros f Thermocol Comparables Relleno de -
4 Colcreete al hormigén grandes huccos
b7t ) ,
(decantacion| — Cemento-arcilla (+ arena Cantidades
de unas (+arena) I'a 50 kgfem® 1 Fisuras anchas limitadas
centésimas) | — Arcilla tratada I + arenas y gravas
<1 glem® L1 K>510 m/s
— Silicato +CaCl, . 10-20 kg/em® _‘-
de sodi(’{ + Acelato glem 0.7 K= 1078 s - Inyegci‘?“
de ctilo €N Z ttempos
Geles duros (mggtel:'g/cmz) I -— Mortero tnico
— Lignosuifito 300 2
) gfcm 6,5 & .10~
Morteros + bieromato f (mortero S8 K> 5107 mis
. | 45 kgfem?)
LIQUIDOS
Geles f — Silicato de sodio — 50 gfem’ 2ad K> 1075 m/s
" + reactivo
pldsticos l Bentonita defloculada — 1020 g/em® 1.8 K> 1074 m/s
(Praductos — AMY9 . — <1 kg/om? ! 50 a 130 Para inyecciones Cantidades
— 10 gfem? a corrientes
— Resorcina-formol 100 kg/em® 10 a 40 Iimitadas
-~ Urea-formol | —20a 100 K> 107 mjs
Resinas ' {mortero icido) kg/enr®
gquimicos) orgdnicas - T "
Comp.
— Polimeros pre- 1000 kg/cm® Pegado de fisu-
condensados (époxy} Tract. 150-500 ras de hormigén
300 kgfem®
— Emulsto- J' +silicato — 100 gfcm® 6
nes de + resor- — {mortero K > 1073 mjs
betin | cina 10 kgfem?) 12 .
Aglomerantes _
hidro- ’ T T T T
earbonadas . Circulaciones
-—— Betiin caliente quU'IdOS de agua
muy viscosos impaoriantes
\

! Salvo indicaciones contrarias, estas resistencias son las del mortero puro después del fraguado o endurecimiento (para valores muy pequeiios, est
~sistencia se tomd igual al doble de la rigidez).
1 Se trata del precio de compra de los productos necesarios para el relleno de 1| m? de huecos. Ni el transporte ni ¢! tiempo de inyeccid:
~steden variar bastante de un mortero a otro, han sido tenidos en cucnta. Cuando hay dos valores, ¢l mds elevado corresponde a las resistencias maxl-
mas. La base | es relativa a 300 kg de arailla y 200 kg de cemento por 1 m*, Para la suspension de cecmento se admite que el depdsilo tiene una densi-

dad seca de 1,5,

* Las permeabilidades K indicadas son Ias de los suelos sueltos susceptibles de ser impregradas por el mortero, Cuando la rigidez de éste es débil
no es necesaiio inyectar en suelos muy permeables. {La impreguacidn no ¢s el Gnico método de inyeccién satisfactorio.)
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Foto I. Presa las Adjuntas Tamps. .
Viste cerea.- Trub2jos de l& primera etapa de con atruqcién
de l& cortina.- Recinto protezido con una ataguis sobre 1l&
merzen lzculerds.,

Foto 2. P.Lss fdJUDtcS Tamps.,
Excevicion genersl de limpia de la laders dereché.-
lictese el espesor de m2terial de tzlud (escombro de

celize) de unos 4m. sproximadamente normal &l talud

de 1z lezdera.-



oresz. Las adjuntes Tamus,.lMarz
o 1 (=)

Zxeavocion de Limpie en 1z mergen

lg formecion <gua ljueve de la calize
anui oproximedomente & 1 slevuacion
%L sstesor de sscombro 28 4dée unos 4
T2 rorxel &1 teiud del cerro.




Foto €.

Obre Frese Les Adjuntes Tamps. Qctubre de I%48.
etelle de l& trinchers del ma%erial.impermea-
Zst. 04330 (deonde termina lz areille) v-
¢ g2 encuentre 1z verforedore Stenuik) v
2 utles s2 formd un sesundo £banico entre las
elevecidnes II3 & 120 Fformedo con diferenites plaénos que
52 n gccrte perz empetrar el corazon imuer-

Prese Las fdjuntes Tamps.

Trincherz pere el meterisl impermeeble en lz ladera
izguierdae entre les estzcidnes 04330 & 0+350 y entre
les elevrciones II3 » I20. Los teludes se formzaron con
nrecorte.

Q4



Foto 7.

Foto 8.

Febreyo I4 de I969. -

Prsge Las Ldjuntes Tamps.

Zspeecto cue prssento la roce de cimentscidn en 1 zona de
miterisl impermesble en 1z parte més profund: de la cimen
tocidon. - nqui ul estrato de ILutite anezrc Lutifica&de con
ifs figuris ciprichosss gue 12 lebro el &zua del rio cuen
iz 2sie NRgE DS gonre 23T0s esTrEtos, wues fctudlmente nsb
sobre ellips urn fusrts osugsor de relleno de SCETYe0s ¥ oeg
combro de le misps Tormocion.

Presz Lz fZdjuntess Temps. Febrero I3 de I969.
Lspecto cgue ypresentd 1la cezliza al quiter el material de
rcerreo en el lecho del rio, después de laverla y sople-
tecris en lz zonc pore el desplente del materizl imper -
merble.— For 2l eje se sxcevo sdemfs ung trinchers de 3m.
“e profundidi d v 51, de pleatills con tiludes I:I.- T1
szngeor el motaricl de ch{;eo cue se ouivo fug de 12a.
R )
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Poto II.

Foto 12.

Przse Les Adjuntes Tenmus.

SOHTIV: .- Construccion de la I Zteps.~ Zn primer nlano
convinuccion ds la Trinchere, Lebrade con precortes, -
soore 1 lzdere izcuierds.-

de IJ963.

©s £djuntes Tenps. QOctubre

rrese

COrTINA.—- Detslle de 12 trincher:c del meterial imper-
merble & la cltura de le estacion 0+330.-

iidtese la compuctucidn especizl con bailarina en la
orilis del +ttlud, comforme se ve heciendo el relleno.-—

a'=
]



s Adjuntas Temps.

+x
o]
ot
O
i
(o]
.

- o
]
]
[§7]
M
Lo
m

atiro de une sledrs grénde con el trixcevo.— Gsta piedrs
nresenteoE sus contoctos muy ¢ltersdos y fué necesario re-
soverla {(sin 21 uso de expleosivo)

By POy P — T -
D W 2L TR,
-

. by _._‘;.éf__._.g{;?; T
U
[N ‘ - -“‘2
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foto I4. Pre Las Ldjuntis Tamps. .
n formz de olle (marmite) labrado por el tra- )
o} oue eparecieron &1 remover el

z
en el fondo del rio en 1la zona



Foto I6.
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Ltdjuntes Tamps.

Presa Les
Viste panoremice de lz corting @ la izguierda, contruccidn
derecha de la fote l& laderz derecha

o
tepa, & la
cevecion de limpie muy edelentade,
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g¥ervode con meEguingés el relleno
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Foto 24.

S/770 CELEO OF oe.

Sitio Cerro de Oré oax. ﬁéosto de I372.

Panoremicz que muestra el empotramiento izoaulerdo y el
cruce con el Rio Sto. Dominzo.

5/7—/0 CEEZ@ ﬂfdfc

Sitio Cerro de Oro 02x. &Lgosto de I372.

Pznorcmice oues nuestra parte de la terrazz sobre la
mergen derecha en donde la cortina cuederd cimentade
sobre dendsitos noe consolidezdos de lz formzeidn"Tierra
Color: do

/0



Foto 25-26 Sitio Cerro de Oro O2x.
. -~ - _Excavacidn de explora-
. -. egién- hecha. con tractor

en 1&g terraza de "Tierra
Colorzda" pars cstudiar
el comportamiento de.e —
este rellenoc no consolids-
do, constituido por arci-

1las fisurzdas




Foto 27-23. Sitio Cerro 4de Oro 0&X.
Un ccercamiento del corte de
trector en la &reilla "lierre
Colorada"™ ,obsérvese la pobre
resistencia o cohesidn de 1la
. arcilla vars sostenerse,' debi-
do ¢ su mecroestructura muy
fisurade .~ Obsérvese tembién
ocues calizos sueltos dentro

memé groillasd

105



Fovo 29. Sitio Cerro ds Qro OsX.
Trebejos de Inyecclion.-
ille izoulerds nfouiné
e periorrr Tonsg Year
con vire-line nrre re-
cuperceidn de nucleos

Foto 30. Perforasdorz rotestorisa
tipo T-4 sobre oruges
pare perforeccidnes en
dendsitos no consoli-
dedos.-
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Fotc 33-34.

s & e tup

1, -
Eoty H bEs:
o 1ot B

. [
S -+ ] e
) f"'_'rc"- " -




Foto 2.
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Foto 4. ftezufe de LArugs Arribe

110




Foto 6.

Se inicia la exca-
veécion de Yimpia -
Previegmente habien—
do bombesdo el azug
entre Ataguies,
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Foto 1I.

Poto 12.

Se prosizuen les exervecidnes de grova-srena habiendo
s?cado un totel de I'600,000 de MS.

hproximedemente # 25m. de profundidad se exceveron de

e i limos. Comforme se svenzebs en profundidead
emnpezoron & &poérecer blogues cilizos de temelio medisno &
muy grondes siendo neceserio 21 uso de explosivos. El em—

-, - e A g w— -t f_'.'__‘ 5

vleo de un& retroexcaevedora nodernz hidraulica de 5 yds:
de cocpocided fué le clave de la excevecidn en la zona de
blocues.
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Ffoto IS5,

ate & 30m. de profundidad de excavacidn se

i ne ‘zrrzenta angostz que resultd tener 20m. de

ncno en su perte superior y terming en 4m. precticemente
roendo ‘ung "VH de 25m. de altura cue sumados 2 los 30m.

®
o

]

Foto I6. Un detalle del canal
angosto.



Foto IT.

Dentro del cznzl angosto se encontraban blogues calizos
de hesta 29m. de altura como el que se muestra cortado-
en esta fotografia un poco aguss arriba de la treza su-
per:r_or del mesterizl impermezble.

Vésse detslle en la foto & contlnu301on.



Foto I9.

Otro detelle de 1z foto

anterior donde se apre-

cia el bloque y rellenos
més pequefios arribe de
este.

foto I8.

Detalle de 12 foto #nterior.
BEstez foto muestre cue el blogue
se reshald de 1& perte superior
del centil acuf&ncose en el ca-
nel zngosto en 2lgun tiempo muy
remoto.




Foto 21,
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Poto 26. Furs conitroler las filtricidnss hzceie los cfrcamos sxtremos
©omoder goloocrr log primeres céngs dz Freille e seco se
colaron unos blocues de concereto en 1a plrge mEs angosta
v ouwrofunda de le ersentd en 18 foto sz= wmreneran les cimbris.

~rendo 1l¢s cimbrés de estos blogues de concreto.

122



Toto 25,

Se inicis

al

colcdo

de estos hloruss
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Foto 30. Detelle 42l contceto del concrzto coxn lz roce

Foto 31, Detslle del-contzcto del concreto cbd,la roce.
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ZQUE SIGNIFICA ROMPER IA BARRERA DE LOS NOV/28/90
100 m. PLANOS? ; .

Supongamos que el corredor pesa lOO Kg. y desarrolla una velocidad media sostenid

W = 100. Kg  de 10 m/seg
peso
V.= 0 V =10 m/seg
— —=
F
. £ 2. ES
- | d = 100 m.
W = 100 Kgpeso = 100 x 9.81 = 981 Newtons F=mg
m=F /g
IMPUL.SO m= 981l N / 9.81 =
. m = 100 Xg.
Fxt=m(Vf—Vo)=mV :
) v 100 Xg x 10 / seg
e S S = 100N
t 10 seg
TRARAJO ; \
G= $xd=100N% 100 m. = 10,000 M-m (Julios)
DPOTENCIA | -
p=-fxd _ 100 BXI00M_ - 1000 N-m/seg = 1000 Julios/seg= 1000 Watts = 1 KW
t . 10 seq '
- Significa desarrollar un esfudrzo fisico equivalente.a 1 KW de potencia
ENERGIA T E I

1I<leOseg
‘ 3600

-

0.002778 KWw-H

E=Pxt=1KWx 10 seg = -

Para generar un KW-H se requiere por ejemplo i

' Descender en forma ordenada y sin friccién 10 m3 de agua deSde una altura -
de 36. 71 m,

-]

En Hidroeléctricas se acostumbra usar miltiplos de las Um.dades de Poten
cia y Generacif...
Potencia en Megawatts = MW .= 1000 KW (10 Watts)

Generacq.é_n en Gigawatts-Hora = 1 millén de KW-H (lO9

Watt-Hora}

0%





