
1025 Laurel Oak Road * P 0 Box 1770 Voorhees. New Jersey 08043 (609) 346-8201 - Fax (609) 346-8360 

March 4, 1998 
BP 92-12 

(A copy of this has been sent to the attached list of consultants) 

Re: Kentucky-American Water Company 
Bluegrass Water Proiect 

Dear Colleague. 

Enclosed are two copies of Addendum No. 1 for the referenced project Changes to the 
original pages are highlighted by a vertical line in the left hand margin with additions in blue italic 
print and deletions in red strike-through print. The addendum number is also indicated in the top 
margin of each page which contains revisions. Please note that some pages do not include any 
revisions and are only being submitted in order to keep the pages in proper sequential order. 

This addendurn primarily incorporates the easement scope of work into thk project as well 
as addressing other questions from the pre-proposal meeting Following the pre-proposal 
meeting, Kentucky-American carehlly reviewed alternatives to provide each Consultant with 
equitable consideration on the work currently being proposed. Considering that the field work for 
the easements has not yet started, Kentucky-American Water Company and the easement 
consultant (GRWIQuest Engineers) have agreed to cancel their current contract allowing the 
easement scope of work to become part of the design scope of work. These changes are 
expected to help expedite the project and eliminate the coordination that would be needed with 
separate easement and design consultants. Kentucky-American is appreciative of the cooperation 
from the GRW/Quest team to help provide an opportunity to complete the work in a manner that 
is most cost effective for their customers 

Specifically, this addendum includes the-following. 

0 

e 

* 

Revisions to the entire Request for Proposal 
Revisions to the Design Concept (Attachment A) for pages DC - 2, 3 ,  4, 5 ,  6, i2, 18, 
19, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, and 47. 
New page DC - 48 for the Design Concept (Attachment A) 
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Revisions to the cover page of Attachment C. 
An “Example Plan and Profile Pipeline Drawing” for Attachment C. 
Revisions to the cover page of Attachment D 
A “Tie In Point at the KAWC Distribution System” drawing for Attachment D 

Please replace the original pages in your documents with the revised pages and add each 
of the new pages. 

The proposal due date has alsa been extended one week to Thursday, March 26, 1998. 
All other requirements for submittal of your proposal remain unchanged fiom the original 
documents which were sent to you on February 18, 1998. Should you have any questions 
regarding this addendum, please contact me by phone at (609) 346-8278 or by e-mail at 
drevesaarnwater. com. 

Sincerely, 

David M Reves, P.E. 
Senior Design Engineer 

c. L.C Bridwell - KAWC (w/att) -t- 5 additional copies 
T.A Friley - TSAWC (w/att) 
N.O. Rowe - KAWC (w/att) 
X Willis --L,ouisville Water Compa-riy (w/att) + I adiiitioiial copy. 
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1025 Laurel Oak Road * P 0 Box 1770 * Vwmees. New Jersey 08043 - (609) 346-8201 * Fax (609) 346-8360 

February 18, 1998 
BP 92- 12 

(A copy of this has been sent to the attached list of consultants) 

Re: Kentucky-American Water Company 
Bluegrass Water Project 

Dear Colleague: 

Enclosed are two copies of a Request for Proposal and Design Concept for the referenced 
project for your review. We request your submission of separate lump sum proposals for this 
project for engineering design, bidding, and construction administration services as detailed on 
the following pages. 

The scope of work for this project consists of approximately 52.5 horizontal miles of 
36-inch pipeline, a retention basin for flushing, and two booster stations to allow for the transfer 
of finished water fi-om the Louisville Water Company (LWC) distribution system to the 
Kentucky- American Water Company (KAWC) distribution system. Pipeline route selection and 
easement acquisition for the pipeline, which includes stray current, soils corrosivity, wetlands, 
and archeological investigations and permitting, is currently underway and is a part of this 
project’s scope of work. All design work required within the LWC service area in Jefferson 
County, which will primarily consist of pipeline improvements, is also not a part of this Request 
for Proposal and will be administered separately by LWC. However, a surge analysis of the 
proposed pipeline, including the pipeline within Jefferson County, is part of this Request for 
Proposal. 

Kentucky-American Water Company is an operating subsidiary of American Water 
Works Company, an investor-owned water utility with corporate offices in Voorhees, New 
Jersey. The design for this project will be managed by the Engineering Department of American 
Water Works Service Company, Inc., afso a subsidiary of American Water Works Company. 
All reference in the attached documents to the “Water Company” shall be inclusive of American 
Water Works Service Company and Kentucky-American Water Company personnel. 
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Page 2 

There Will be a pre-proposal on the morning of Tuesday, February 24, 1998 beginning at 
' 9:OO a.m. at the Water Company's main office located at 2300 Richmond Road, Lexington, 

Kentucky. It is expected that the meeting will be complete by noon. Please feel free to invite 
any of your team members or sub-consultants to attend the meeting as you feel necessary. NO 
site visits are planned as part of this pre-proposal meeting. 

Proposals must be submitted no later than 4:OO p.m. on Thursday, March 19, 1998. The 
original proposal plus three (3) copies shall be addressed and sent to: 

Ms. Linda C. Bridwell 
K enhicky - Ameri can Water Company 
2300 Richmond Road 
Lexington, Kentucky 40502 

Two (2) additional copies of the proposal shall be forwarded to: 

Mr. David M. Reves 
American Water Works Service Company, Inc. 
1025 Laurel Oak Road 
P. 0. Box 1770 
Voorhees, New Jersey 08043 

f 

No other copies of the proposal are required. Faxed copies of the proposal will not be accepted. 

Should you have any questions prior to the pre-proposal meeting, or are unable to attend 
the meeting or submit a proposal, please contact me by phone at (609) 346-8278 or by e-mail at 
dreves@amwater.com. 

Sincerely, 

David M. Reves, P.E. 
Senior Design Engineer 

c: L.C. Bridwell - JSAWC (w/att) + 5 additional copies 
T.A. Friley - KAWC (w/att) 
N.O. Rowe - KAWC (w/att) 
K.A. Willis - Louisville Water Company (w/att) + 1 additional copy 

mailto:dreves@amwater.com


KENTUCKY-MRICAN WATER COMPANY 
BLUEGRASS WATER PROJECT 

Team 1 
GRW Engineers, hc .  
801 Corporate Drive 
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(717) 763-721 1 

Team 4 
PEH Engineers 
620 Euclid Avenue 
P.O. Box 22738 
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6040 Dutchmans Lane 
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(502) 452-1 700 
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881 Corporate %ve 
Lexington, KY 40503 
Attn: Mr. Charles R. Scroggin Cleveland, OH 441 14 
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L,exington, KY 40503 
Attn: Mr. John B. Steinmetz 
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PDR Engineers, Inc. 
462 South 4th Avenue, Suite 400 
Meidinger Tower 
Louisville, KY 40202 
Attn: Mr. Raymond W. lhlenburg 

Copied 
Hazen and Sawyer, P.C. 
401 1 WestChase BIvd. 
Raleigh, NC 27607 
Attn: Anthony P. Izzo 

Copied 
Photo Science, Inc. 
2670 Wilhite Drive 
Lexington, KY 40503 
Attn: Mr. Mark Meade 
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KENTUCKY-AMERICAN WATER COMPANY 
BLUEGRASS WATER PROJECT 

Request for Proposal 
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Revisedper Addendum No. I 

KENTUCKY-AMERICAN WATER COMPANY 
BLUEGRASS WATER PROJECT 

! 

1. SCOPE OF SERVICES 

IA. Design 

A separate lump sum proposal for project design must include the following services. 
Coordination and review of the design will be managed by David M. Reves of American Water 
Works Service Company, Inc., your primary contact throughout the design phase of the project. 
Any changes in the scope of services during the design phase must be addressed by the 
Consultant before the work is performed in the form of a Task Order in accordance with Article 
I1 of the "Agreement for Engineering Services" found in the Attachments. 

1. Preparation and maintenance of a progress schedule throughout the duration of the design 
contract. The schedule shall be in Gantt chart form and include all work items as defined 
in this Request for Proposal. At least one week shall be allotted in the schedule for 
review of information by the Water Company prior to any meeting. The schedule shall 
compare actual to scheduled activities and be updated monthly once an award of contract 
is made. 

I 

It is anticipated that a contxact for design services will be awarded by April 1, 1998. 221.~ 

The completion of specific design activities must conform 
with the following schedule: 

October 1, 1998 
* Division of Water (DOW) permit application complete and forwarded to the Water 

Company for submittal. 
Rooster station design drawings and specifications complete from a hydraulic and 
process standpoint (Le. electrica1 and instrumentation design does not need to be 
complete). 
Plan and profile drawings of the entire pipeline route complete. 
Electronic steady state and surge model results submitted. 
Interbasin transfer notification made to DOW. 

* 

0 

e 

0 

December 1, 1998 

0 All required permits identified. 
DOW permit received. 

1 



Revisedper Addendum NO. I 

@ Any required 404 permits for any navigable stream crossings received. 

2. 

3. 

January 15,1999 
Design complete including incorporation of all comments from the final design 
review meeting, all remaining permit applications completed and forwarded to the 
Water Company for filing, and ready to bid. 

April 1, 1999 
0 Bids received. 

Periodic meetings at the Water Company’s main office in Lexington. It is anticipated 
that seven (7) meetings encompassing a total of ten (IO) days will be required including 
an initial project meeting, a meeting to review the electrical and instrumentation 
requirements, a meeting to review the design memorandum, an intermediate meeting to 
review the first draft of design drawings and specifications and to prepare for permit 
submittals, and a final meeting to review the completed design drawings and 
specifications and to prepare for the bidding and construction phase of the project. The 
Consultant’s proposal shall include two (2) meetings associated with the design scope of 
work to be defined as needed. 

Easement acquisitions along the entire pipeline route. The minimum activities that are 
required are as follows: 

a. Identipcation and verijkation of owners along the pipeline route. This will also 
include property owners at the proposed booster station and retention basin sites 
once the optimal locations for these facilities have been idenhped. This will 
include research at each county PYA ofJice to determine all corridor owner’s 
names, property and mailing addresses, and Deed BooWPage of Record showing 
latest transfer, which is to be copiedfiom the County Clerk’s ofice. 

b Identification of any anode beds for the existing gas pipeline and the associated 
radius of influence. This can be pe$ormed in conjunction with the Ductile Iron 
Pipe Research Association (DIPRA), or you may elect to utilize a consulting 
corrosion engineer. Along with the stray current evaluation, a soils analysis 
along the entire pipeline should also be perjormed to determine external 
corrosion potential for each of the three potential types of pipeline materials 
(ductile iron, steel, or concrete). If the proposedpipeline route will cross through 
the radius of injluence of any anode bed, the pipeline will need to either be 
rerouted, or KAWC will work with the Gas Company to relocate the anode bed. 
If neither o f  these are possible, it will be the Consultant’s responsibility to design 
adequate corrosion protection due to stray current. The Consultant shall assume 
at this time that design of corrosion protection facilities associated with stray 
current will not be required. 

2 
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e. Development of recordable metes and bounds easement descriptions and 
drawings including all necessary survey work. The written descriptions shall be 
incorporated into the Water Company’s standard easement document. A scaled 
drawing shall accompany the description and shall not exceed 8-1/2” x 14 ’’ 
(Note: these are required in addition to the pipeline design drawings in order to 
expedite the easement process). 30-foot permanent easements are required along 
with an additional 30,foot temporary construction easement. Amendments that 
may be necessary as a result of negotiating with the property owners will handled 
on a time and materials basis. 

d. Easement centerline staking at 50-foot stations along with all deflection points. 
Elevations shall also be provided at each stake. Additional elatations shall be 
taken should the direction of the grade change within the 50$oot interval, or the 
elevations change significantly within the 50-foot intervals. Your proposal shall 
assume that the route will only need to be staked once. Additional stakings will 
be handled on a time and materials basis. 

Direct discussions and negotiations with the property owners are part of the 
Consultant’s scope af work and will be handled by the Water Company or their designee. 
Additional information regarding preliminary work that has been completed for the 
easement activities can be found in the Backgroundsection of the Design Concept. 

Land survey work (including sub aqueous work) as necessary to adequately obtain 
easements, complete the design, file pennit applications, and provide reference points for 
use by the Contractor to layout the work. A topographic (2 foot contours maximum) 
survey is required at each booster station site, however, property surveys associated with 
acquisition of the properties will be handled independently by the Water Company. 
Ground elevatians are required every 250 feet along the pipe centerline to determine 
appropriate pipe pressure classes. Additional elevation data (2 faot intervals maximum) 
is required along the pipe centerline at all locations involving utility, roadway, railway, 
or waterway crossings, or unique and extraordinary pipeline support. Locations of 
existing structures and utilities are required at both the booster station sites, the retention 
basin site, and along the entire pipeline route to the extent of effect on the pipeline 
installation. 

Permanent control establishment is required including the installation, field book 
references, and GPS control of 54 steel rebars with identifjling caps set in concrete. The 
new control points will be set as intervisible pairs at appro.ximately 2 mile intervals 
along the proposed pipeline route. All points shall be double-occupied in a GPS con fro1 
network and tied to six H A W  horizontal station, IISC&GS bench marks, FE WPR and/or 
LFUCG control monuments. 

All horizontal survey data shall be based on NAD 83, Kentucky State Plane North Zone 
([IS Survey Foot). All vertical survey data shall he based on NAVD 88 (US Survey 
Foot). 

3 
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5. All environmental activities as necessary to adequately obtain easements, complete the 
design, and f;le permit applications. This will include, but not be limited to, the 
following: 

a. A wetlands delineation along the entire pipeline route including both booster 
station sites and the retention basin site. The Consultant shall assume at this time 
that wetland areas will not be encountered or that they can be avoided by 
rerouting the pipeline. The Consultant shall also assume that development of a 
wetlands mitigation plan will not be necessary. 

b. An Phase I archeological survey along the entire pipeline route including both 
booster station sites and the retention basin site. The Consultant shall assume ab 
this time that artifacts will not be encountered or that they can be avoided by 
rerouting the pipeline. The Consultant shall also assume that a Phase N survey 
will not be necessary. 

64. All geotechnical investigations including soil borings as necessary to adequately 
complete the design of the booster stations, retention basin, and any necessary pipeline 
supports, and allow for accurate estimating of construction earthwork. Rock 
investigations along the pipeline route to assist the Contractors who will bid on the 
project are required except at locations involving utility, roadway, railway, or 
waterway crossings, or unique and extraordinav pipeline support. It will be the 
responsibility of the Contractors to perform a geophysical investigation and provide 
unclassified excavation bids along the remainder of the pipeline. I 

I 75. Total interaction with all utility companies to design and specify proper service for the 
proposed improvements, and to coordinate the relocation of existing utilities as required. 
The Consultant shall also determine if any additional capital or usage fees will be 
imposed by any specific utility. 

1 86. Determining which Local, State, and Federal perrnits are required for this project, 
preparing the necessary applications, providing technical input as required in securing 
these permits, and attendance at public or private permit related meetings. The 
Consultant shall also provide the Water Company with information regarding the 
approximate length of review time for each permit, and any special requirements that 
could delay this process (e.g., public hearings). The permit applications will be formally 
submitted and paid for by the Water Company. 

Considering the potential number of permits required and the relatively unlcnown amount 
of effort needed to secure these permits, all efforts which are directly and solely 
associated with permitting activities will be handled on a time and materials basis. Any 
work which is necessary to complete the design which is also required for permitting 
activities shall be part of your lump sum bid and will not be reimbursed on a time and 
materials basis. The Consultant shall submit written estimates of costs and the expected 
scope of work for each individual permit prior to initiating any work related to fiat 

4 
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permit. 

I 97. Reparation of a narrative description of the operation of the proposed facilities, 
submitted with the Design Memorandum, including operating details of the control 
system and the electrical design circuits. The narrative will be used by the Water 
Company operations personnel to familiarize themselves with the operation, capabilities, 
and limitations of the proposed improvements. 

I l U 8 .  Preparation and maintenance of a Design Memorandum. The Design Memorandum is a 
summary of design data presented in outline format along with other pertinent project 
information. The primary intent of the memorandum is to allow the Water Company to 
review and comment on the design before the Consultant proceeds with detailed desim 
and drafting. The memorandum shall be updated throughout the design and submitted 
with permit applications as necessary. A summary of the information to be included in 
the Design Memorandum is outlined in the Attachments. 

IZB. Preparation of design drawings for all disciplines as required to render a complete design 
including hydraulic profiles (based on the 50-foot elevation intervals along the entire 
pipeline route) and utility connections. Drawings used for permit applications and 
bidding require the signature and seal of a licensed professional engineer in the 
Commonwealth of Kentucky. The drawing sets require segregation by major discipline: 
site, architectural, structural, mechanical, electrical, instrumentation, etc. Drawings shall 
reflect only the scope of work for the current project and shall not contain extensive 
notes and written instructions more appropriate for the specifications. Standard detail 
drawings shall exclude items not applicable to the current project. The title block of each 
drawing shall include an American Water Works Service Company, Inc. drawing file 
number. For this project, 380-577-xxx will be the drawing file number with xxx 
representing the drawing sequence. 

The drawings shall be prepared such that Contractor bids can be solicited separately for 
each of the following portions of the overall scope of work: 

a. All work within the property lines at both booster station sites and at the retention 
basin site, and the required instrumentation work at the Richmond Road Station. 

b. All pipeline work outside of the booster station and retention basin sites. It is 
expected that the Contractors will be given the option within one bid package to 
bid on any or all of three separate pipeline segments as follows: 
0 Beginning at the JeffersodShelby County line and terminating approximately 

half the distance to the intermediate booster station site. 

Beginning approximately half the distance between the JeffersodShelby 
County line and the intermediate booster station site and terminating at the 
upstream property line of the intermediate booster station site. This segment 
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includes the Kentucky River and Glenn's Creek crossings. 

e Beginning at the downstream property line of the intermediate booster station 
site and terminating at the tie in point to the Kentucky-American distribution 
system. 

Pipeline plan drawings are required along the entire route, and shall be prepared as strip 
maps on aerial photographs at a scale of I "  = 50' and include centerline staking, 
easements, andproperty lines. The aerial photographs, which were taken in 1994 and 
are at a scale of I " = 3-50', will be provided by the Water Company. Pipeline profile 
drawings are only required at locations involving utility, roadway, railway, or waterway 
crossings, or where unique or extraordinary pipeline support is necessary, and shall be at 
a scale of I "=5 '. For the purposes of the proposal, the Consultant shall assume that 10% 
of the pipeline route will require both plan and profile drawings. An example pipeline 
drawing is provided in the Attachments. 

The Consultant shall prepare all drawings using the most current version of AutoCAD 
for Windows. The Water Company will not accept drawings created using an alternative 
CAD program, such as Microstation, which are "converted" to AutoCAI1 format. The 
Water Company requires standard fonts, shapes, hatch patterns, line types, etc. 
compatible with the most current version of AutoCAD for Windows. The Consultant 
shall use only AutoCAD and AutoLISP routines and no vendor-furnished or third party 
add-in programs. Appropriate ground control shall be established by the selected 
Consultant in order to convert the aerial photograph into AutoCAD format. 

The Attachments include the Water Company's standards for drawing layers, scales, text, 
and plotting assignments. The Water Company's standards represent the minimum 
requirements. The Consultant may utilize a more sophisticated set of AutoCAD 
standards provided it is included with the Consultant's proposal and accepted by the 
Water Company prior to award of contract. 

With each submission of the drawing files, the Consultant shall submit a drawing list 
with the names of the corresponding external references, layers utilized to create the 
drawings, and either a plotter pen designation or a .PCP file created within AutoCAn. 
The consultant also shall "zoom" the drawing files to full extents and use the AutoCAD 
"purge" command for each submission to the Water Company. 

Electrical drafting symbols shall conform to IEEE Standard 315 and 315A. Specific 
requirements for the design of instrumentation and controls for water treatment processes 
or water disbibution are: 

a. Conduct on-site investigations, interface with process engineerddesigners, and 
review design materials and drawings to determine the type and location of 
primary sensors, control devices, panels and related instnunents, and control 
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equipment. The locations and mounting details for these devices shall be 
included on the drawings. 
Prepare P&Ds in accordance with ISA Standard S5.1 and RTIJ interconnection 
drawings (inpuuoutput point lists) from the P&IDs. An example RTU 
interconnection drawing is provided in the Attachments and an electronic 
template will be provided to the selected Consultant upon request. 

b. 

c. Prepare ladder diagrams to show the hard wired logic in panels. Drawings shall 
be prepared to show the general configuration of all new panels, consoles, and the 
wiring between interconnected hardware components. 

d. Prepare conduit and wiring drawings showing conduit and signal wire routing 
using scaled drawings of all facilities. Where appropriate, the conduit and Wiring 
drawings shall be integrated into the electrical drawings. 

I 1244. Preparation of technical specifications, Divisions 2 through 16, in the CSI Spec-Text 
format and the list of required shop drawings. The Water Company will provide 
preprinted General Conditions booklets and its Standard Contract Documents and 
Division 1 General Requirements (excluding the list of shop drawings) in fmal electronic 
form for printing, copying, and binding by the Consultant. Specifications shall reflect 
only the scope of work for the current project. Standard specifications shall be modified 
to exclude items not applicable to the current project. The specifications shall be 
prepared such that Contractor bids can be solicited separately as described in the previous 
section for drawings requirements. 

Specifications shall be prepared using the most current version of the 32-bit Lotus Word 
Pro for Windows word processor. If your standard specifications are in a format other 
than Lotus Word Pro (such as Core1 WordPerfect or Microsof? Word), they must first be 
converted to L,otus Word Fro format, thoroughly checked to ensure that a complete 
conversion was accomplished (including all tables, charts, headers, footers, etc.), then 
edited for this project as appropriate within Lotus Word Pro . The text shall be 12 point 
Times New Roman font. An 8-digit electronic file name for each specification section 
shall consist of 3 letters distinguishing the project name preceding a 5-digit specification 
section number followed by the Lotus Word Pro file extension (.lwp). For example, 
RWP 15 1 1 5 . 1 ~ ~  would identify specification section 15 1 15 for the Bluegrass Water 
Project . 

n e  American Water System Construction Contract Documents prohibit a Contractor 
from submitting substitute or "or equal" materials or equipment when a proprietary 
product, named manufacturer, or supplier has been specified. Provisions exist for 
bidders to submit alternatives to these items at bid time only. To ensure that competitive 
pricing is being obtained for material and equipment that is not necessary to be a sole 
source item, it is required that at least three (3)  acceptable manufacturers or products be 
listed in the specifications for each of these items. If proprietary details have been used 
on the drawings that are based on one of the listed products, this should be noted in the 

! 
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specifications. Where an item is to be fkrnished on a sole source basis, only one (1) 
acceptable manufacturer or product will be listed in the specifications. If common items 
are included in multiple specification sections, language is to be included in the 
specifications that the same manufacturer is to be provided for these common products. 

In general one of the two specification methods above shall be used for all process, 
mechanical, and electrical equipment and other materials that are unique to the design 
(e.g. certain piping, valve, structural, mechanical, electrical and architectural products). 
Other materiaIs or products that can be specified prescriptively, by performance, or by 
reference to applicable standards do not need to list specific rnanufacturers or products 
unless desired by the Consultant or the Water Company. 

The specific requirements for the specifications for the electrical control circuits and the 
instrumentation and controls for water processes or water distribution are: 

a. Prepare specifications for the digital equipment and field and panel mounted 
instruments. 

b. Prepare an input/output point list fiom the P&Ds. 

c. Prepare instrument specification sheets in accordance with ISA Standard S20. 

d. Prepare specifications for the software functions including detailed written 
control strategies (hctional descriptions), graphic display descriptions, alarm 
strategies, historical database trends, and report definition. The Consultant shall 
interface with the Water Company in developing these software fimctions. 
Additional information regarding these items is provided in the Attachments. 

e. Provide narrative descriptions of all electrical control circuits. These descriptions 
shall describe in detail the operation of these circuits in the various operating 
modes (manual, auto, remote, etc.) and shall provide information relating to the 
purpose of each device (relays, timers, lights, etc.) included in the circuit. 

I 13hh. Preparation of a preliminary budget construction cost estimate for each of the four (4) 
potential contracts broken down by major work item, and a detailed construction cost 
estimate broken down by CSI division and major process components. The preliminary 
estimates shall be submitted with the Design Memorandum, and the final estimates shall 
be submitted for the final design review meeting. The preliminary estimates shall be 
used by the Water Company to evaluate the adequacy of the budget for this project. The 
final estimates shall be used for evaluation of project costs and subsequent Contractor 
bids. 

1 1 4 s .  Submission of all final design information at the completion of design which has not 
been previously submitted. The information shall include all design notes and 
calculations, the Design Memorandum, drawings, and specifications. Where electronic 
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information exists (drawings, specifications, etc.), it shall be submitted in both electronic 
format and hard copy. Electronic information, submitted at the end of or during the 
project, can be forwarded directly by e-mail, on magnetic tape, or on CD. 

Distribution of eight (8) sets of Design Memoranda, drawings, and specifications prior to 
each design review meeting. Some individuals may prefer to receive certain information 
in electronic format, and if so, this information will be conveyed to the Consultant prior 
to making each submittal. All hard copy drawing submittals for review purposes shall be 
half size. 

Maintaining electronic communication capabilities throughout the design, bidding, and 
construction phases of the project. American Water Works utilizes both an Internet 
World Wide Web site and electronic mail to facilitate project communications. Access 
to the Web and the ability to send and receive e-mail across the Internet is mandatory for 
this project, as a minimum, for the overall project manager and each design 
sub-consultant's project manager (does not include survey or soil boring sub-consultants). 
These electronic communication capabilities shall be in place for each required member 
of your team prior to the initial design kickoff meeting. 

The Web browser that you utilize must be capable of handling file attachments, and your 
e-mail must be MIME (Multipurpose Lnternet Mail Extensions) compatible in order to 
send file attachments without the need to encode/decode. The most current versions of 
both Microsoft Lnternet Explorer and Netscape Navigator include these features. 
Additionally, all electronic data files (word processing documents, spreadsheets, etc.) 
prepared by American Water Works Service Company will be in 32-bit Lotus Smartsuite 
97 format, and the Consultant must have the ability to read these file formats. It is 
preferred, but not mandatory, that the consultant also create all data files that may need to 
be shared via the Web or e-mail in 32-bit L,otus Smartsuite 97 format. 

The bidding phase of the project will begin following incorporation of all comments 
from &e final design review meeting and completion of all permit applications for submittal by 
the Water Company. A Water Company Construction Engineer will assume responsibility at 
that time for the bidding phase of the project. The Consultant will report to and receive 
direction from the designated Construction Engineer for all bidding related activities. 

A separate lump sum proposal for project bidding must include the services described 
below. These services will be required for two separate bid packages, namely 1.) All work 
within the property lines at both booster station sites and at the retention basin site, and the 
required instrumentation work at the Richmond Road Station, and 2.) All pipeline work outside 
of the booster station sites. It is expected that the Contractors will be given the option to bid on 
any or all of three (3) separate pipeline segments as previously described in the requirements for 
the preparation of the design drawings and specifications. 
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I l -  

2. 

3 .  

4. 

5 .  

6. 

PC. 

Provide a total of twenty five (25) sets of contract documents, for each of the two bid 
packages, with drawings on vellum or sepia reproducibles and specifications in loose 
leafiinders to both Contractors invited to bid on the project and others who will be 
identified at bid time by the Water Company. 

Responding to Contractors' or potential Equipment Suppliers' questions and preparation 
of addenda as required to document design changes or clarifications. Addenda requiring 
revisions to the technical specifications shall be prepared by direct revision of the 
specification and re-issuance of the effected pages. Each revised page shall have the 
following header: "Revised Per Addendum No. -'I, and the specific additions and/or 
deletions shall be highlighted using the revision marking capabilities of Lotus Word Pro 
and submitted electronically. If additional addenda are required, the information &om 
the previous addendum shall be incorporated into the specifications (without 
highlighting) and only the new information shall be highlighted. Addenda requiring 
drawing revisions shall be made by direct revision and re-issuance of the electronic copy 
of the effected drawings unless otherwise approved by the Construction Engineer. The 
use of words in an addendum to revise drawings is strictly prohibited. If time does not 
allow for drawing revisions, the Construction Engineer may allow supplemental sketches 
to depict drawing revisions. Drawing revisions shall be clearly marked or highlighted. 
As additional addenda are required, only the current changes shall be marked or 
highlighted. 

Maintain the official plan holders list. 

Attendance of the Design Project ManagerErigheer at a pre-bid meeting. The Design 
Project ManagerEngineer shall be thoroughly familiar with the design and be prepared 
to explain the technical aspects of the project and respond to questions from attendees. 

Provide the list of bidders to potential equipment suppliers and construction information 
services as requested. Drawings and specifications, excluding sets provided at no cost to 
all listed bidders, will be purchased through the Consultant. 

Provide a written evaluation of all alternative equipment offered by the bidding 
Contractors as to whether each alternative satisfies the design requirements of the project, 
and based on objective and/or subjective criteria, provide a recommendation as to the 
acceptability of each alternative submitted. 

Construction Administration 

Folloukg receipt of bids and all permits, the Water Company will file for a Certificate 
of Convenience and Necessity for which approval from the Kentucky Public Service 
Commission is needed before construction could begin. It is expected that project construction 
would begin in a time period between September, 1999 and January, 2000. Overall construction 
management of the project will be handled by the designated Water Company Construction 

10 



Engineer which will include all direct dealings with the Contractors. The Consultant will be part 
of the construction management team and will report directly to the designated Construction 
Engineer. All contact on the project, including submittal of invoices for professional services, 
would also be through the designated Construction Engineer. 

A separate lump sum proposal for construction administration must include the following 
services for an assumed eighteen (1 8) month period. The Consultant shall assume at this t h e  
that there will be three (3) separate pipeline contracts and one (1) booster station contract 
encompassing both booster stations, the retention basin, and the instrumentation work at the 
Richmond Road Station. 

1. 

2. 

3. 

4. 

5 .  

6. 

General construction administration, , including attendance at monthly construction 
meetings, resolution of construction problems related to the design, and review and 
interpretation of the design. 

Shop drawing review and approvals including review and approval of resubmittals. 
Maintenance of a shop drawing log indicating dates received and returned and status is 
also required. 

Review of Contractor pricing of change orders and written recommendation to the Water 
Company of the reasonableness of the cost. Drawing and/or specification revisions 
required for change orders shall meet the same criteria as described above for preparation 
of addenda during the bid phase, including submittal in electronic format. 

Preparation of supplementary detailed working drawings, specifications, and written 
instructions or meetings as necessary throughout the construction period to interpret the 
contract plans and documents and resolve changes brought about by actual field 
conditions encountered. 

Services of the I&C Staff Engineer or Sub-consultant to attend an instrumentation and 
control "kick-off meeting'' and witness an on-site factory acceptance test of the 
assembled I&C system at the booster station. Additionally, provide the services of the 
I&C Staff Engineer for site visits to review and inspect the instrumentation and Wiring of 
field mounted instruments, resolution of problems, initial calibration and testing, and 
system startup- 

Services of the Design Project ManagerEngineer who will participate in and observe 
initial operation of the project (startup) and review operation and performance tests 
required by the contract specifications. At least three (3) trips totaling six ( 6 )  days 
should be allotted for on-site startup services and resolution of initial operating problems 
associated with the booster station contract. Engineers from all of the engineering 
disciplines shall be made available to resolve startup issues as required, and also to 
resolve problems which may arise during the construction period. The Design Project 
ManagerEngbeer will assist the Resident Project Representative in the preparation of 
the punch list and recommend acceptance of the facilities by the Water Company. 
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7. 

8. 

9. 

10. 

11.  

Preparation and submittal of electronic record drawings within two (2) months after 
startup. The drawing files shall meet the requirements for submission of design 
information previously outlined in this document. Data, information, sketches and 
working drawings, to be incorporated with the record drawings, shall be provided by the 
Resident Project Representative. The record drawings shall include all above and below 
grade changes fi-om the original design drawings for all engineering disciplines. Changes 
made to reflect the as-installed conditions shall be made in the same level of detail and to 
the same degree of drafting quality as the original design drawings. 

Six (6) copies of an operation and maintenance manual containing operating, 
maintenance, and repair information fkom manufacturer's submittals. The O&M manual 
shall also contain the final narrative description of the operation of the proposed facility, 
and a complete description of startup and shut-down procedures. The O&M manual shall 
be bound in 3 -ring binders and indexed with tabs according to major process designations 
in the order of the treatment process. An initial draft of the O&M manual, without 
manufacturer's data, shall be submitted for review at approximately the 50% point of 
construction completion. The complete O&M manual containing all manufacturer's data 
shall be submitted at the 95% point of construction completion but no later than one (1) 
month before scheduled startup. 

Services of the Design Project ManagerEngineer to attend a one (1) day 
post-constniction meeting at each booster station site immediately following 
demobilization by each contractor. 

Services of the Design Project ManagerRngineer for a one ( 1 )  day inspection of all the 
facilities approximately six (6) months after they are all placed into operation. 

An affidavit c o n f i i g  the construction of the facility is in accordance with the 
approved plans and specifications, when required by regulation. 

Your construction supervision proposal shall be prepared with the understanding that the 
services of Resident Project Representatives (inspectors) from your frm will be requested at the 
time of construction. A separate Request for Proposal for these services will be issued by the 
Water Company once the Certificate of Convenience and Necessity is received. These fees for 
Resident Project Representatives are @to be included in your current proposal for this project. 

The following minimum information must be submitted with your proposal for it to be 
accepted: 

1. A brief critique of the design concept to determine what modifications to the concept 
may result in a more cost effective project, simplified construction, and/or improved 
operating procedures. Although this is not required as part of your proposal, selection of 
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a Consultant will be weighted heavily on any alternate ideas or concepts that are 
proposed which are deemed to be appropriate and feasible. For each item you may 
choose to critique, the following information must be provided: 

a. A detaiIed description of the item. 

b. A comparison of the item to that proposed in the attached Design Concept 
highlighting non-cost advantages or disadvantages, if any. 

c. An estimate of the proposed construction cost savings. The estimated savings 
must by justified by comparing the critiqued item to the proposed item with one 
or more of the following. 

e a budgetary cost estimate. 
0 

e manufacturer or contractor quotations. 
actual cost information from previous projects. 

d. An estimate of any potential operational cost savings. The estimated savings 
must by justified by a detailed cost analysis comparing the critiqued item to the 
proposed item. AdditionaIly, if any proposed capital cost savings will result in 
additional operational costs, these added operational costs must also be identified. 

2. Separate lump sum fees for design, bidding, and construction services. The Consultant’s 
lump sum fee shall assume that 10% of the pipeline route will require both plan and 
profile drawings. Fees for construction services shall be based on current 1998 rates. 
These rates shall be renegotiated at the time of E&-&-&s expected construction 4 . k ~  
pssmil (beginning between September 1999 and January 2000, and ending between 
March 2001 and June 2001). Also provide itemized lump sum fee adjustments (+/-) for: 

a. 

b. 

C. I 

I 
I d. 

Any critiqued items offered if the associated design, bidding, or construction fees 
will be different fiom that in your base lump sum fees. 

A separate unit cost for attendance at each construction meeting additional to that 
specified in the Scope of Services required for construction administration. 

Engineering costs per drawing- for differences in the assumed 10% 
of the horizontal pipeline length (27,700 fk) that will require both plan and profile 
drawings if the total horizontal length of the pipeline does not change. For 
example, if the actual horizontal length requiring plan and profile drawings 
changes to 30,000 or 25,000 feet, without changing the total length of the 
pipeline, your adddeduct would be $- per drawinglw&w&&%. 

Engineering costs per drawingke&mM&& for differences in the total estimated 
horizontal pipeline length (277,000 ft). For example, if 10,000 horizontal feet of 
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3. 

4. 

5. 
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I 
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pipeline length, which would require only plan drawings, is added or deducted 

10,000 horizontal feet of pipeline length, which would require both plan and 
profile drawings, is added or deducted from the project, your addldeduct would 
be $- per dravin-. 

from the project, your addldeduct would be $- per d r m v i n g ~  . If 

e. Restaking costs per stake (stakes are required every 50 feet) should restaking of 
portions of the pipeline become necessary. 

J: Additional costs to re-photograph the entire pipeline route. If this is desired by 
the Water Company, notice to proceed to pe$om this activity will be given at the 
time qf award of contract on April 1, 1998. 

Fees associated with the Preliminary Engineering Studies discussed in the Design 
Concept shall not be included in your design lump sump fee but shall instead be provided 
as one ( I )  separate limp sum fee encompassing all t h r e e M  studies. 

Supplemental hourly rates for staff members by discipline (in 1998 rates) which would 
be applicable to determine adequate compensation for changes in the scope of work. 
Additionally, provide specific hourly rates for all permitting related activities. Rates 
should be provided for various levels of expertise (junior, mid-level, senior, etc.). 
Expenses will be reimbursed directly with appropriate documentation. 

Your estimate of the total number of man hours that are expected to be expended for all 
permitting related activities. The Water Company reserves the right to request lump sum 
fees for these activities should it  be possible to define a firm scope of work at a later date. 

Your understanding of the scope of work conveyed by way of the following minimum 
information: 

a. Preliminary, rough sketches of each booster station layout and the retention basin 
site. 

b ~ .  Preliminary, rough sketches showing the Kentucky River crossing and 1,000 feet 
of pipeline both upstream and downstream demonstrating your expected design 
approach and method of construction in this area (profiles supplemented with 
plans if necessary). Please note that receipt of the permit for this crossing is 
required by December 1 ,  1998. 

cd. A typical air valve manhole detail. 

Sketches submitted with the proposal shall be no larger than 1 1” x 17”. It is acceptable 

14 



and encouraged to provide supplementary text with any of the above to assist 
demonstrating your understanding of the required scope of work. 

6. The anticipated scope of geotechnical exploration including number and depth of all soil 
borings. 

7. A listing of drawings and specifications required for this project, with titles for each 
drawing. 

8. A listing of all expected Federal, State, and local permits required for design, 
construction, and operation of the proposed facility. The listing must state the name of 
the permit, the respective regulatory agency or municipality, a brief description of the 
purpose of the pennit, and the typical or legal review time required by each respective 
agency. 

9. Identification of the power study software that will be utilized on this project per the 
requirements of the Electrical section of the Design Scope. 

10. A brief but specific description of how you plan to accomplish the requested survey 
activities on this project. Include method of survey and staffing requirements as a 
minimum. 

1 1 .  A preliminary schedule from date of award in Gantt chart form. If the time of 
completion desired by the Water Company is not acceptable, it shall be explicitly stated 
in the proposal. The schedule shall reflect the requirements previously requested for 
monthly schedule updates. 

12. Identification of each consulting f r m  that is part of your team, a description of that 
firm’s specific responsibilities on this project, and a company work history of recent 
projects for each Consultant which is reflective of the specific scope of work they will be 
performing. T h i s  is required for both the primary Design Consultants on your team as 
well as survey, soils, and any other Sub-Consultants. A minimum of three (3) and a 
maximum of five (5) references are required including a specific contact person and a 
phone number. 

13. A project team organizational chart headed up by the primary design project manager 
and including all other personnel who are expected to be directly associated with this 
project. Your primary project manager shall be the Water Company’s direct contact 
throughout the design and bidding phases for all aspects of the project. It is not 
acceptable to name several primary project managers (points of contact) for various 
portions of the desim work from various consulting fms .  The project manager shall be 
fully capable of discussing all technical and administrative aspects of the project. It is 
acceptable to name a second project manager and different project team members for the 
construction phase of the project, and if so, this information shall also be provided with 
your proposal. For each individual named in your organizatianal chartts), also include 
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the name of the company they are affiliated with. 

14. RCsumCs and a work experience history of each individual identified in the project team 
organizational chart(s). The rCsumC of the proposed project manager is of particular 
importance and must demonstrate their experience in project management as well as 
design of potable water pumping and piping systems. The resume of your hydraulic 
engineer must show experience in utilizing both the University of Kentucky KWrPE and 
SURGE hydraulic models. The resume of the individual who will perform the finite 
element analyses specified in the Design Concept is also of particular importance. 

15. Specifics of your drafting standards if they are more sophisticated than the Water 
Company's minimum requirements. 

16. Concurrence that you have read the Agreement for Engineering Services in the 
Attachments and are prepared to sign this contract should your proposal be accepted by 
the Water Company. 

17. Specifics of any exceptions which are taken to items requested in this document. I f  no 
exceptions are taken, it is not necessary to reiterate the information presented in the 
Scope of Services Required. 

. ATTAC NTS 

16 



ATTACHMENT A 

Design Concept 



KENTUCKY-AMERICAN WATER COMPANY 
BLUEGRASS WATER PROJECT 

Kentucky-American Water Company (KAWC) provides potable water service to over 
90,000 customers and nearly 250,000 people in seven communities within central Kentucky. 
The primary source of supply for KAWC is the Kenhxky River which is supplemented by 
Jacobson Reservoir. Two surface water treatment plants process and distribute finished water 
through over 1,200 miles of main. The larger of the two plants is referred to as the Kentucky 
River Station (KRS) and has a rated capacity of 40.0 MGD. The second treatment plant is 
referred to as the Richmond Road Station (RRS) and has a rated capacity of 25.0 MGD. 

In 1988, extremely dry weather produced very low flows in the Kentucky River during 
the early summer months which dramatically emphasized the need to supplement existing 
sources of supply. Peak day demands during that period also exceeded the combined rated 
capacity of the two existing treatment plants at that time. Since 1988, a number of alternate 
source, production, and conservation measures have been extensively evaluated. Ultimately, on 
August 21, 1997, the Kentucky Public Service Commission ordered KAWC to "take the 
necessary and appropriate measures to obtain sources of supply so that the quantity and quality 
of water delivered to its distribution system shall be sufficient to adequately, dependably, and 
safely supply the total reasonable requirements of its customers under maximum consumption 
through the year 2020". 

Based on the numerous alternatives which have been evaluated over the past ten years to 
resolve the source of supply and production deficits, KAWC has concluded that purchasing 
finished water from the Louisville Water Company (LWC) is the best and most economical 
solution. LWC currently has adequate source and treatment capacity to meet the KAWC 
projected deficits, and only distribution system improvements would be required within the 
existing L,WC system. KAWC's responsibility, which encompasses the scope of work for this 
project, would consist of approximately 52.5 horizontal miles of 36-inch pipe beginning near the 
JeffersodShelby County line which is capable of transferring a maximum of 23.0 MGD from 
the LWC distribution system to the KAWC distribution system. Two booster stations would 
also be required to convey the water at safe operating pressures along With a retention basin to 
aid in the flushing of the pipeline as necessary. 

LWC's responsibilities, which will basically include piping improvements within their 
system, will be administered separately by LWC and are not a part of the scope of work 
associated with this Request for Proposal. However, a surge analysis of the proposed pipeline, 
including the pipeline within Jefferson County, is part of the Design Scope of work associated 
with this RFP as described subsequently in this document. 
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All background information related to this project, including existing or historical data, 
and preliminary efforts which have been initiated or completed to date, are presented below to 
assist the Consultant in preparing a proposal and completing the detailed design: 

1. LWC Pipeline Route - LWC’s existing 10 MG English Station tank will set the gradient 
for the proposed pipeline. The tank is located approximately 6 miles west of the 
JeffersodShelby County line just off of US 60. LWC’s pipeline through Jefferson 
County, which is not a part of the desim scope of work for this proiect, is generally 
expected to follow TJS 60 for approximately 3-1/2 miles, then parallel an existing 
railroad track to the JeffersodShelby County line. LWC’s pipeline will continue past the 
county line for approximately 0.4 miles to the first KAWC booster station lacated near 
1-64. LWC’s responsibilities will end at this first booster station. The booster station 
itself, as well as all other piping and pumping facilities from this point into Lexington, 
are the responsibility of KAWC and are a part of the Consultant’s Design Scope of work 
associated with this RFP as described subsequently in this document. LWC’s expected 
pipeline route is shown on U.S.G.S. map sections for Jeffersontown and Fisherville 
which can be found in the Attachments. 

2. KAWC Pipeline Route - A route evaluation was initially performed in 1990, and the 
current tentative route is shown on the U.S.G.S. map sections in the Attachments. At this 
time, it is expected that the proposed KAWC pipeline will begin near 1-64 approximately 
0.2 miles east of the JeffersodShelby County line where the first booster station will be 
located. The pipeline will travel south easterly, for approximately 1 mile where it will 
begin to parallel an existing gas transmission main across Shelby and Franklin Counties. 
The pipeline will then cross the Kentucky River into Woodford County, deviate from the 
parallel gas main route for a short distance to avoid a plateau, then continue to parallel 
the gas transmission main up to Route 60. At this point, the pipeline will travel northeast 
and parallel an existing overhead power line until reaching US 421 (Leestown Road). 
The main will head east along US 421, cross into Fayette County, continue to follow IJS 
42 1, and connect with the KAWC distribution system at Route 4 (New Circle Road). A 
map of the KAWC distribution system in the area of the proposed tie in is also provided 
in the Attachments. 

The total horizontal length of the pipeline is approximately 277,000 feet (52.5 miles). 
Eleven 7J.S.G.S. quad maps encompass the pipeline route including Fisherville, 
Simpsonvile, Shelbyville, Waddy, Frankfort West, Lawrenceburg, Tyrone, Versailles, 
Midway, Georgetown, and L,exington West, KY. Aerial photographs of the pipeline 
route are available for inspection at the KAWC main office, and will be provided to the 
selected Consultant. 

.3 . Easements - Identification of all property owners in Shelby and Franklin counties only 
has been completed (per the requirements of Item 3a in the RFP). This information will 
be provided to the selected Consultant. 
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4. Deficits - The projected peak day demand and source of supply deficits are presented 
below. No water sales along the pipeline route have been formalized at this time, and 
reserve capacity in the pipeline is not required. Water from the pipeline to meet the 
projected peak day demands per the schedule below is expected to be required for no 
more than a 5-1 5 day period during the summer months. Water fiom the pipeline to 
meet projected source of supply deficits is only expected to be required should a drought 
of record occur during the respective year. If the drought of record would occur, the 
source of supply requirements presented below would be needed over an approximate 
183-day period. 
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5 .  

KentuckyAmerican Louisville Water Company 
Parameter Units min I avg max min avg max 

7.2 I 7.3 I 7.5 6.9 8.4 I 8.9 PI-I -- 
Alkalinity mg/L 40 I 69 I 88 36 I 84 I 100 
Hardness (as CaCO,) mg/L 120 I 156 I 238 94 ; 163 I 220 
Orthophosphate mg/L 0.61 f 0.98 1.40 <O.f I CO.1 1 <0.1 
Total Chlorine Residual mg/L 1.5 ; 1.7 I 2.1 2.1 ; 2 6 ; 3.4 
Free Chlorine Residual mg/L 0.0 I 0.0 0.0 < 0.05 I < 0 05 I < 0.05 
Free Ammonia mg/L 0.04 I 0.08 1 0.12 0.04 1 0.43 I 0.56 
Nitrite mg& <0.002 <0.002 ~ 0 . 0 0 2  < 0.1 ; 0.1 i < 0.1 

, --.. units 

__. 

The design scope of work associated with this project will be based on year 2010 deficits 
(with the exception of chemical storage) with consideration to facilitate expansion to 
meet year 2020 deficits. Additionally, where h h r e  expansion would significantly 
disrupt operations or not make economic sense, the design of those components in the 
proposed facilities shall be based on year 2020 deficits as discussed further in the Design 
Scope. Since the peak day and source of supply deficits are infrequent occurrences, flow 
in the pipeline will be driven the majority of the time by water quality concerns. "his 
would include the need to maintain adequate flows to ensure adequate water quality 
while minimizing purchased water costs. It may also include the ability to occasionally 
flush the line at maximwn rates. Additional discussion regarding the need to maintain 
adequate water quality in the pipeline is presented in subsequent sections. 

I zinc mg/L 0.128 I 0.168 I 0.186 0.2 0.2 I 0.2 -- 

Pipeline Sizing - Based on the ultimate source of supply deficit of 23.0 MGD, the 
proposed pipeline has been sized at 36-inch. This results in a velocity of 5.0 Wsec at 23 
MGD which is generally the desired limit in terms of surge control. Since the typical 
daily flow in the pipeline will be driven by the need to maintain adequate water quality, 
increasing the size of the pipeline beyond 36-inch is not desired as any operational 
savings resulting from lower pressures will be more than offset by the additional capital 
and purchased water costs (i.e. a higher minimum flow rate would be needed to maintain 
adequate water quality in a larger diameter pipeline). 

6. Water Oualitv Compatibility - Typical finished water quality data for both the KAWC 
and LWC systems is presented below and reflects what can be expected at the extremes 
of each respective distribution system. This data has been extensively evaluated in terms 
of the concerns associated with the blending of the two waters as well as in terms of the 
ability to maintain adequate disinfectant residual in the proposed pipeline and avoiding 
nitrification. These evaluations have included both discussions with chemical suppliers 
as well as laboratory jar testing. In general, the two waters are relatively compatible. 

KAWC has concluded that the blending of the two water would result in the loss of a 
phosphate residual and precipitation of zinc. To aIIeviate this concern, it is first 
recommended that the zinc orthophosphate corrosion inhibitor currently utilized by 
KAWC be replaced with a non-zinc phosphate inhibitor (Calgon C-4 or comparable). 
Feed capabilities should then be provided at the beginning of the proposed pipeline at the 
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first booster station to stabilize the water and prevent calcium carbonate deposition. This 
inhibitor will work well at the higher pH levels and also alleviate concerns with zinc 
residuals in waste streams. 

Day 2 
Day 3 
Day 4 
Day 5 

Dav 7 
Day 6 

In terms of maintaining adequate disinfectant residual in the pipeline, KAWC has 
performed a series of jar tests with LWC water to determine chloramine decay under 
simulated storage tank and pipeline scenarios. The results are shown below: 

2.30 2.70 
2.30 2.50 

unavailable un avai I able 
2.10 2.30 
1.85 2.20 
1.80 2.15 

Warm Temperature, Cold Temperature, I Total Chlorine I Covere& Slow stir I Covered, slow stir 1 

Day8 . 

Day 9 
2.10 1.70 

1.60 2.10 
- 

- 

KAWC desires to maintain a 2.0 mg/L chloramine residual at the tie in point to the 
existing KAWC distribution system. It is expected that the chlorine demand in the 
pipeline itself will result in lower residuals than those provided in the table above. 
However, based on the table above, the LWC minimum total chlorine levels in the table 
in Item 6, and the fact that there will be no storage tanks along the pipeline route, the 
ability to maintain adequate chloramine residual is not expected to be a problem provided 
that adequate chlorine and ammonia feed capabilities are provided at the first booster 
station. 

The practice of chloramination, however, coupled with the potential long detention times 
(in both the proposed pipeline and in the LWC distribution system), conducive 
temperatures for potentially 6 months of the year, and alkaline pH conditions, will 
accelerate the growth of nitrifying bacteria (nitrification). Published studies within the 
industry, have shown that nitrification will typically begin to occur after 7-8 days in 
stagnant warm water tanks. Both KAWC and LWC adequately control the fiee ammonia 
levels in their respective waters such that nitrification currently isn’t a problem in either 
distribution system. However, the increased detention time in the proposed pipeline 
creates a potential concern from a nitrification standpoint which will need to be 
addressed in terms of minimum flow rates as discussed below. 

7.  Minimum Flow Requirements - Since the need for flow fiom the pipeline to meet 
projected peak demand and source of supply deficits is infrequent, typical flows will be 
driven by the need to maintain adequate water quality. Keeping the pipeline out of 
service (either full or empty) and putting it into service as needed is not an option due to 
a number of water quality, cost, operational, and time concerns. Thus, it will be 
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necessary to maintain a minimal flow through the pipeline to ensure adequate water 
quality. Since the cost of purchased water from LWC will be higher than the cost for 
KAWC to produce water, it is important that these flow rates necessary to maintain 
adequate water quality be minimized. 

The two primary water quality concerns when attempting to minimize the flow rates are 
chloramine residual and nitrification. As shown above, chloramines can persist in the 
water for extended times even at high temperatures. Coupled with the fact that 
re-chloramination capabilities along the pipeline will be provided, maintaining an 
adequate disinfectant residual is not expected to be a problem. 

The maximum detention time through the LWC system to the English Station is 
estimated to be 2 days. At a flow rate of 3.2 MGD, an approximate 0.5 days of detention 
time will exist between the English Station tank and the fust booster station near the 
JeffersodShelby County line. An additional 4.5 days of detention time would exist in 
the proposed pipeline bringing the total detention time to approximately 7 days. 
Considering some detention time in the KAWC distribution system, the total detention 
time at approximately 3.2 MGD should not exceed 8 days. Although this does not take 
into account the fact that the water will be cooler in the pipeline underground, it is still 
expected to be the minimum flow rate in the pipeline during warm weather months. It is 
also expected that this flow rate can halved to approximately 1.6 MGD in cold weather 
months resulting in nearly 9 days of detention time in the pipeline alone. Thus, the daily 
flow rate to maintain adequate water quality is expected to average 2.4 MGD over an 
entire year. 

Only actual operations of the pipeline will confirm the required minimum flow rates, 
however, the above numbers will dictate the minimum pumping requirements for the 
proposed facilities. In order to further minimize the potential for nitrification in the 
pipeline, breakpoint chlorination andor the ability to maintain a higher chloramine 
residual must be possible with the proposed facilities. Specific details of this as well as 
the pumping requirements are presented subsequently in the Design Scope. 

8. KAWC Distribution System Analyses - A hydraulic analyses of the KAWC existing 
distribution system has been completed in relation to the proposed pipeline. KAWC has 
determined that a gradient of 1170 at 23.0 MGD down to 1130 at 1.6 MGD will required 
to adequately distribute the water from the pipeline into the distribution system. This 
gradient is at the tie in point at Route 4 (New Circle Road). 

"he KAWC distribution system was also analyzed in terms of generating flow backwards 
through the pipeline for flushing purposes. Since the Kentucky River is the only location 
that would be able to accept flow rates up to 23 MGD (confumed by KAWC with the 
Division of Water), the last 1/3 of the pipeline would need to be flushed backwad 
towards the Kentucky River. KAWC's analysis has shown that rates up to 10 MGD 
could be generated which would result in velocities of 2.2 Wsec. Although this is not an 
ideal scouring velocity, it is generally expected to be adequate. 
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9. 

IO.  

LWC Pipeline Hydraulics - American Water Works Service Company has performed a 
brief steady state hydraulic analysis of the L,WC system to determine if flow by gravity 
from the English Station Tank past the JeffersodShelby county line would be possible. 
This consisted of identifying approximate elevations along the pipeline route every 5,000 
feet and at select high and low points. The following criteria and assumptions are 
included in the analysis. 

a. 
b. 
c. 
d. 
e. 

The pipe diameter is 36-inch and the overall C-factor for the entire system is 130. 
The minimum desired operating pressure at any point in the pipeline is 20 psi. 
The English Station Tank minimum water level is at elevation 830. 
The English Station Tank overflow water level is at elevation 864. 
The LWC pipeline terminates at the first KAWC booster station at 1-64. 

The spreadsheets in the Attachments are summarized as follows: 

Pg. 1 

Pg. 2 

Pg. 3 

Pg. 4 

This scenario shows the pipeline operating at the ultimate capacity (23.0 MGD) 
with the English Station Tank at its minimum level. Pressures at the high point 
are marginally acceptable. 

This scenario is the same as the previous scenario except that the English Station 
Tank level is at overflow. Pressures throughout the pipeline are acceptable. 

This scenario shows the pipeline operating at the absolute minimum expected 
flow rate (1.6 MGD) with the English Station Tank at its minimum level. 
Pressures at the high point are again marginally acceptable, primarily as a result 
of elevation and not friction loss. 

This scenario is the same as the previous scenario except that the English Station 
Tank level is at overflow. Pressures throughout the pipeline are acceptable. 

LWC is currently M e r  evaluating this proposed pipeline route within their system, but 
are in agreement at this time that the route is feasible. Their detailed analysis may result 
in modifications to the proposed route to avoid the high points where low pressures 
occur. 

KAWC Pipeline Hydraulics - The results of a very rough preliminary steady state 
hydraulic analysis of the KAWC pipeline is included in the Attachments in the form of 
six spreadsheets. This again consisted of identifying approximate elevations along h e  
pipeline route (every 5,000 feet and at select high and low points), and determining the 
number of booster stations required and the necessary pipe pressure class for maximum 
and minimum flow scenarios. The following criteria and assumptions are included in the 
analysis: 

a. The pipe diameter is 36-inch and the overall C-factor for the entire system is 130. 
A 36-inch pipeline will keep velocities at 5.0 Wsec at 23 MGD. Over sizing the 

D C - 7  



pipeline is not recommended as it would result in higher minimum flow rates to 
maintain water quality. 
The maximum desired operating pressure at any point in the pipeline is 300 psi. 
The typical daily operating pressure is desired tu remain below 200 psi. 
The minimum desired operating pressure at any point in the pipeline is 40 psi. 
The selected pipe pressure class (assuming DIP) is one pressure class above that 
required to account for the margin of error in a USGS map and to provide a 
reasonable factor of safety. It is desired to stay below a 350 psi pressure class 
rating which is the normal maximum pressure class manufactured. 
The gradient at the KAWC system is 1 170 at maximum capacity and 1130 at 
minimum capacity. 
If boosters in series are required, the flow rate will be controlled by a variable 
speed pump or a rate of flow control valve at each booster. No storage tanks are 
desired at any intermediate boosters as this would increase the detention time. 

b. 

c. 
d. 

e. 

f. 

The spreadsheets in the Attachments are summarized as follows: 

Pg. 1 

Pg. 2 

Pg. 3 

Pg. 4 

This scenario shows the pipeline operating at the ultimate capacity (23.0 MGD) 
requiring two booster stations. Locating the second booster station just 
downstream of the Kentucky River and Glenn’s Creek results in acceptable 
pressures at these low points in the pipeline. The critical pressure points are the 
discharge of the first booster station and a low point just downstream of the 
second booster station. Maintaining the minimum desired pressure of 40 psi at all 
points in the pipeline requires that the pressure at the suction of the second 
booster station be maintained slightly higher than 40 psi. 

This scenario is basically the same as the previous scenario except that the flow 
rate is 19.0 MGD which reflects the cyrent design criteria. Except for lower 
pressures, the operating conditions remain the same. 

This scenario shows the pipeline operating at the absolute minimum expected 
flow rate (1.6 MGD) in a two lift Scenario. The critical pressure in the first 
gradient moves from the discharge of the frst booster to the Kentucky River 
crossing while the critical pressure in the second gradient remains just 
downstream of the second booster. Maintaining the rnirrirnum desired pressure of 
40 psi at all points in the pipeline requires that the pressure at the suction of the 
second booster station be maintained at 74 psi or higher. 

This scenario is basically the Same as the previous scenario except that the flow 
rate is 6.0 MGD. Assuming that primary and backup 3.2 MGD pumps were 
provided to meet the flow rate expected to maintain water quality, the 6.0 MCJD 
rate would reflect the approximate combined output if both 3.2 MGD pumps were 
operated in parallel. This scenario could occur if actual operations prove that 3.2 
MGD is not adequate to maintain proper water quality in warm weather 
conditions. Except for slightly higher pressures, the operating conditions remain 
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the same. 

Pg. 5 

Pg. 6 

This scenm-o shows the pipeline operating at the absolute minimum expected 
flow rate (1.6 MGD) in a single lift scenario. The critical pressure is located at 
the Kentucky River crossing and significantly exceeds the daily desired maximum 
operating pressure of 200 psi and is approaching the absolute maximum. desired 
pressure of 300 psi. 

This scenario is basically the same as the previous scenario except that the flow 
rate is 6.0 MGD. Again, the critical pressure is located at the Kentucky River 
crossing and remains just under 300 psi. 

Based on the above, two booster stations are adequate even at 23.0 MGD. At the daily 
low ff ow rates, the Water Company desires to also utilize a two lift scenario to minimize 
daily operating pressures. Specific details of the pumping unit requirements are 
presented subsequently in the Design Scope. 

11. - Three parcels of land are required for this project for the fnst booster station, the 
second booster station, and a retention basin to accept flushing water prior to ultimate 
disposal to the Kentucky River. Identification of potential properties is currently under 
way by the Water Company to confirm that adequate land is available. A minimum of 
1.5 acres is being sought for the fxst booster station with easy access from 1-64. 
Chemical shipments will need to be received at this location. A minimum of 1.0 acres 
downstream of Glenn’s Creek is desired for the second booster station which will not 
include any chemical feed systems. A minimurn of 3.0 acres is desired for a retention 
basin just downstream of the Kentucky River. The general areas of the three parcels of 
land are shown on the USGS map sections in the Attachments. The exact locations of 
these sites cannot be finalized until topographical data is available along the entire 
pipeline route such that the booster station locations can be hydraulically optimized. 

12. Discussions with the Power Company - Preliminary contact has been made with both 
Louisville Gas & Electric (LG&E) and Kentucky Utilities (KU) regarding electric 
service to each of the proposed booster station sites. The LG&E contact (first booster) is 
h4r. David Hasch (502-429-7809) and the KU contact is Mr. Tim Smith (606-873-3 146). 
Both contacts have indicated that electric service is currently not available at the 
proposed sites, and that the initial capital costs would be high. The information 
presented in the Design Scope reflects this, and also considers that the ratio of average 
usage to peak usage would be high (2.4 MGD to 23.0 MGD). 

13. RRS SCADA System - Distributed Control Systems are currently in use at each of the 
two existing KAWC treatment plants. The systems are not in any way linked to each 
other. Control and monitoring for the proposed booster stations will be accomplished 
from the Richmond Road Station. The DCS at this locahon consists of Bristol Babcock 
Series 3300 products running ACCOL control s o h a r e  and Genesis for DOS at the 
operator workstations. The system also includes redundant data concentrators. 
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Additional detail regarding the control and monitoring requirements is presented 
subsequently in the Design Scope. 

14. Construction Cost - The Water Company’s estimated construction cost for this project 
(contractor bid price + any utility capital fees) is $35,500,000. 

The Consultant shall proceed with the design of the necessary facilities based on the 
background information outlined above and the following design information. As the detailed 
design progresses and additional information becomes available, it may become necessary to 
modify this Design Scope, and the Consultant is responsible for bringing this to the Water 
Company’s attention. The information provided below is broken down into sub-sections for 
each of the major facility components. 

In general, the design scope of work shall include a transmission main between the LWC 
and KAWC distribution systems, one booster station near the JeffersonlShelby County line 
(Booster Station No. l), one booster station just downstream of the Glenn’s Creek (Booster 
Station No. 2), an earthen retention basin just downstream of the Kentucky River to facilitate 
flushing of the pipeline, and improvements to the existing distributed control system at the RRS 
to allow for remote monitoring and control of the proposed facilities. The design of all facilities 
through Jefferson County and up to the property line of the first booster station is the 
responsibility of the L,WC and is not encompassed within this Design Scope, with the exception 
of minor monitoring requirements and a steady state hydrauIic and surge analysis as discussed 
further below. 

A. GE 

MODELING 
I .  Steady State Hydraulic Model: The Consultant is required to develop a steady 

state hydraulic model of the entire piping/pumping system utilizing the University 
of Kentucky’s KYPPE software. The limits of the model shall be the LWC 
English Station storage tank and a point within the existing KAWC distribution 
system to be determined by the Consultant. All storage within the existing 
KAWC distribution system in the area of the proposed tie in is pumped storage. 
The nearest floating storage tank is approximately 10 miles from the proposed tie 
in point. LWC will be responsible for providing data (elevations, sizes, materials, 
etc.) for their portion of the pipeline up to the first booster station. 

el: The Consultant shall perform a complete surge analysis of the 
entire system utilizing the University of Kentucky SURGE 5 software. The 
system shall be analyzed for both normal stadstop and power failure scenarios. 
The facilities which are expected to be needed for surge control within the 
KAWC section of the pipehe (one way surge tanks at each booster station) are 
identified filrther below and should be reflected in the Consultant’s proposal. The 
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modeling shall also be performed in an assumed scenario where the surge tanks 
were out of service to determine the maximum flow rate that would be possible 
during this period in a power failure scenario. Since flow could also be generated 
backwards in the pipeline to the Kentucky River for flushing, this scenario shall 
also be analyzed. Any physical improvements or facilities required within the 
LWC system which are identified by the model are the design and construction 
responsibility of LWC. 

ACCEPTABLE EQUIPMENT MANUFACTURERS 
1. General: Those provided in the appendices at the end of the Design Concept are 

manufacturers that are acceptable to the Water Company. This does not preclude 
the Consultant from suggesting other manufacturers. It is also the Consultant’s 
responsibility to recommend other manufacturers when the products of the 
specified acceptable manufacturers are not appropriate for the specific 
application. It may be appropriate to write certain equipment specifications such 
that bids are required from more than one manufacturer. These specific items 
will be identified during the design phase of the project. 

PIPELINE 
1. oute: The pipeline shall begin at first booster station just east of the 

effersodshelby County line and terminate at the KAWC distribution system 
ersection of LJS 421 and New Circle Road (see Attachments). 

2. 
3. 
4. 

Size: 36-inch (based on future 23 MGD capacity) 
Matenids of Constauction: Design to be based on ductile iron pipe (DIP) with 
DI fittings (no cast iron fittings permitted). However, contract documents shall 
be prepared to allow for bidding of either DIP, reinforced concrete, or steel pipe 
and fittings. Specifications for reinforced concrete and steel pipe shall be 
prepared such that they meet the design requirements specified for and inherent in 
DIP. 

5 .  Joints: Typically push on for pipe and mechanical joint for fittings. Ball and 
socket pipe required for sub aqueous crossings. Special joints for thnlst restraint 

er below. 
g: Pressure class pipe shall be specified. The pressure class shall 

be a minimum of SO psi above the worst case operating pressure for each length 
of pipe unless external loading controls (in addition to the 100 psi surge 
allowance inherent in DIP). The Consultant’s hydraulic analysis shall reflect d l  
minor losses and the expected fiction factor for new pipe. 

7. btemml Corrosion Protection: Double cement mortar thing. Epoxy coatings 
are not permitted. Special precautions (factory testing) need to be taken to e n m e  
that necessary drylng time of the asphalt seal coating in DIP has been achieved 
prior to shipment to the site due to concerns with leaching and VOCs in the water 

6. 

SUPPlY. 
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Revised per Addendum No. I 

8. 

9. 

10. 

11. 
12. 

13. 

External Corrosio Protection: The Consultant shall assume at this time that 
the worst case scenario would only require polywrapping of the entire pipeline 
which requires no additional design work. Upon completion of the &WXBSB~ 

soils and stray current 
corrosion analysis+, design of additional corrosion protection, if needed, will be 

d to the scope of work. 
st Restraint: Either thrust blocking or the pipe manufacturer’s positive 

joint restraint (e.g. U S .  Pipe’s TR Flex joint) is permitted. Thrust blocking shall 
be poured in accordance with DIPRA specifications and neither the pipe nor the 
joint shall be encased in concrete. The Consultant shall provide the necessary 
development lengths on the drawings or in the specifications should the 
Contractor choose to utilize positive joint restraint. Friction type restraints (e-g. 
retainer glands) are not permitted. 
Standard Laying Conditions: DIPRA Type 2 or 3 is expected to be required as 
a minimum. Type 4 or 5 to be specified by the Consultant where necessary. 
Bury Depth: 3-1/2 feet of cover. 
Jack and Bore: Where boring is required, do not fill the annular space between 
the pipe and the casing. 
Future Connections: The Water Company will provide information during the 
detailed design phase regarding the need to accommodate potential customers (Le. 
insertion of tees in the pipeline). 

. .  

VALVING 
1 .  Air Valves: Air release/vacuum relief valves shall be provided at all high points 

in the pipeline (changes in grade) to allow for the release of accumulated air or 
the inlet of air at atmospheric pressure during a pipe draining scenario. 
Additional air release only valves shall be provided where the spacing between air 
release/vacuum relief valves is greater than approximately one mile The valves 
shall be sized in conjunction with the surge analysis. Air release valves shall not 
be sized to automatically release air during a scenario where the pipe is being 
filled. A manual air release valve (at the high points only) shall be provided for 
this purpose. Manual air release valves shall be pre manufactured blowoff types 
(Kupferle or similar) which are flush to the ground and lockable if available in 
adequate sizes and pressure ratings. The automatic air valves shall be located in 
precast manholes with easy access for maintenance and designed to prevent 
freezing and accumulation of water. 
Shutoff Valves: Use resilient seat gate valves only to allow for pigging in the 
future if necessary. Shutoff valves shall be located at a minimum spacing of 
approximately every one mile. Shutoff valves to be conveniently located for easy 
access and adjacent to air release valves where practical. Valves shall be buried 
with cast iron valve boxes. All valves shall open left. 

ydrants: Provide one fire hydrant on the suction side of each booster 
station to allow for release of air during pipe filling. No other fire hydrants shall 

at any other location along the pipeline for frre protection. 
elief Valves: None are required along the pipeline route due to 

2. 

4. 
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concerns associated with discharge of large volumes of chlorinated water. High 
pressures will instead be addressed by proper controls at the pump stations. 

e. N NO. I! (located near the JeffersodShelby County Line) 

PUMPING W I T S  and DRIVERS 
1. Number and Capacity of ing Units: The pumping units shall be sized to 

maintain adequate water quality at minimum flow rates, as well as being capable 
of meeting the projected peak day and source of supply deficit demands in the 
year 2010 up to a maximum of 19.0 MGD. Assuming an approximate 50% 
turndown, two different size pumping units will be necessary with approximate 
capacities and ranges as follows: 
* Unit I :  1.6 to 3.2 MGD 
e Unit 2: 1.6 to 3.2 MGD 
e 

0 

Since the smaller pumping unit (1Jnit 1) will run continuously, it is desired to 
provide a backup unit (LJnit 2). Additionally, should 3.2 MGD not be adequate to 
maintain water quality in warm weather months, both 3.2 MGD units could be 
run in parallel. The combined output is expected to approach or exceed 6.0 MGD 
since the fiiction head at these flow rates will be relatively low. The selection of 
the smaller pumping units wiIl be driven by turndown (Le. minimum pumping 
capability) and not capacity to ensure that pumping rates can be kept to a 
e u m  provided that adequate water quality is maintained. The selection of 
the larger units will be driven by the ability to generate a flow rate of 19.0 MGD 
when both pumps are operating in parallel, and the flow rates specified above are 
estimates of their individual capacities when operating alone. Thus, a single 
larger pumping unit would generally be adequate to meet current peak day 
demands, and both units operating in parallel would generate the necessary flow 
rates to meet projected source of supply deficits. The Consultant is responsible 
for determining the acceptable operating ranges of all pumping units during the 
detailed design stage once additional information is available from the pump 
manufacturers. 

2. peration of Purn nits: Pumping units at Booster Station No. 1 shall 
operate in series with equally sized pumping units at Booster Station No. 2. Even 
though it would be possible to transmit water directly fiom Booster Station No. 1 
to the existing KAWC distribution system at the low flow rates without the need 
for an intermediate pumping step, pressures would approach 300 psi at the 
Kentucky River crossing which is not desired by the Water Company. The larger 
12.0 MGD units will run infrequently and shall operate at constant speeds with an 
equally matched constant speed imits at Booster Station No. 2. The desired 
system flow rate shall be maintained by a rate of flow control valves at each 
booster station to maintain acceptable system pressures in both gradients. Due to 
the infiequency of use, energy loss due to throttling would be insignificant. The 

Unit 3: 6.0 to 12.0 MGD (estimated capacity) 
Unit 4: 6.0 to 12.0 MGD (estimated capacity) 
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smaller 3.2 MGD pumping units will run daily to maintain water quality in the 
pipeline and shall operate with variable frequency drives with equally sized 
variable frequency units at Booster Station No. 2. The potential to operate the 3.2 
MGD units at Rooster Station No. 2 via variable frequency drive while operating 
the 3.2 MCJD units at Rooster Station No. I at constant speed shall be evaluated 
further by the Consultant during the detailed design stage to determine if 
pressures in the first gradient would be acceptable. The Consultant shall ensure 
the coordination of all hydraulic, electrical, and instrumentation requirements for 
all pump system startup, shutdown, and emergency failure operating conditions 
across both booster stations. 
O p t i r n ~ ~ ~ ~  IEfFicierPcy of ~~~~~~g Units: Selected for the midpoint of the final 
operating range for the smaller pumps (estimated at this time to be 2.4 MGD). 
Selected for the capacity (estimated 12.0 MGD) of the larger pumping unit. 
Reliability: Should one of the 3.2 MGD pumping units be out of service, it 
would still be possible to keep water flowing in the pipeline to niaintain water 
quality with the backup unit. Should both of the smaller units need to run to 
maintain water quality, and one of them Is out of service, a 12.0 MGD pumping 
unit could be utilized in a throttled mode (down to approximately 6.0 MGD). 
Thus, no additional redundancy is required for the smaller pumping units. In the 
event of a drought of record requiring the two larger pumping units to operate in 
parallel for an extended period of time ( I  9.0 MGD), failure of one of these units 
would result in an estimated pumping capacity of only 12.0 MGD. At this time, 
this scenario is acceptable provided the pump station can easily be expanded in 

Expandabillty: The pump station shall be designed to accommodate both a 
future total capacity of 23.0 MGD, and reliability at this pumping rate. 'when 
selecting the current larger pumping units with estimated capacities of 12.0 MGD, 
the ability to increase their capacity by changing the impeller or adding stages 
shall be considered in making the final selection. Should this not be possible, the 
physical layout of the pump station shall be capable of accommodating larger 
pumping units to replace the 12.0 MGD units. Any current buried piping or 
piping that would be difficult to replace in the future shall be sized at this time to 
accommodate the ultimate station capacity of 23.0 MGD with one unit out of 
service. Additionally, space for a future redundant pumping unit equal in size to 
each of the larger pumping units shall be provided in the pump station. The only 
equipment or materials that should be provided at this time for this hture 
pumping unit are under slab piping and valving that would be difficult to install 
once the pump station is constructed. 

6. Type and Con ping Units: The Consultant shall a s m e  for 
the purposes of roposal that vertical can turbines will be utilized for all of the 
pumping units due to the high discharge heads. The Consultant shall complete 
the Pumping Unit Study described in Section F before making a final 

7. rivers for ng IJmits: The smaller pumping units (3.2 MGD capacity) 
shall be equipped with high efficiency electric motors with variable frequency 

3. 

4. 

- t h i f u m  tQ-pro\riddeeliabiliv-at the- Ei-&-pumfiSg-rateFif -desired-( see bel ow): __- 

5 .  

commenda the type and configuration of pumping units. 
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drives (approximate 250 HP). For the purposes of the proposal, the larger 
pumping units (estimated 12.0 MGD capacity) shall be equipped with high 
efficiency electric motors (approximate 1250 HP) operating at a constant speed. 
The Consultant shall complete the Power Study described in Section F before 
making a final recommendation for the driver for the 12.0 MGD pumping units. 

ipelrine Presswe: When selecting and sizing the pumping units, a 
minimum pressure of 40 psi must be maintained under all flow scenarios. This 
becomes an issue at the lower pumping rates. 
Finite Element Analysis: The Consultant shall perform a finite element analysis 
for all pumping units to ensure that the design addresses potential vibration and 
natural frequency concerns. The major concerns are with the variable frequency 
drives on the smaller pumping units, although the constant speed units shall also 
be analyzed. Since more than one pump manufacturer will be specified, the 
development of the finite element model shall begin during the design phase, and 
be completed after bids are received and the specific pump and motor 
manufacturers have been selected. Any necessary design modifications to the 
facility after the analysis is complete are the responsibility of the Consultant. 
KAWC has previously and successfully utilized the services of Mechanical 
Solutions, Inc. of Parsippany, NJ (Mr. Bill Marscher, 973-326-9920) for similar 
analyses. Should your in-house project team not include expertise in finite 
element analyses, Mr. Marscher is highly recommended, although you may 
propose an alternate qualified sub-consultant. 

8. 

9. 

PIPING and VALVING 
1. 

2. 

3. 

4. 
5. 

6. 

7. 

8. 

9. 

Interior Process Piping: Flanged ductile iron pipe preferred. Welded or flanged 
steel pipe permissible (due to the high pressures) if cost effective. 
Exterior Process Pipirng: Restrained joint ductile iron pipe (e.g. U.S. Pipe’s TR 
Flex joint). All buried piping on site shall be polywrapped. All process piping 
shall be sized for the future 23.0 MGD station capacity. 
Process Valves: AWWA butterfly valves. Use AWWA resilient gate valves 
only for any buried valves < 16” and shutoff valves of the suction side of 
pumping units. Manual butterfly shutoff valves to be provided on the discharge 
of each individual pumping unit. Provide non-AWWA valves only where 
pressure requirements exceed that of AWWA valves. 
Operators for Automatic Process Valves: Electric 
Pump Control Valves: Metal seated ball or cone valves to alleviate surge 
conditions during a normal sWstop operating scenario. The valves shall close 
hydraulically upon power failure. 

ow Conatpol Valve: Provide a of flow control valve on the common 
discharge of the larger 12.0 MGD pumping units. 
Air Release Valves: Provided on the discharge of the pumping urlits where air 
may accumulate. 
Water Slagply Copper except in areas where exposed to corrosive 
chemicals such as chlorine where PVC piping would be required. 

iphg: 

ly Vsilves: Bronze ball valves unless otherwise noted. 
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10. 

11. 

ckflow Prevernters: Reduced pressure zone type required on all individd 

Provisions to pig the pipeline fiom Booster Station No. 1 to 
Rooster Station No. 2 shall be provided. The pig launch piping facilities shall 
basically consist of a y-branch and valve off the main pipeline and piped to grade 
with a cap or solid flange 

ections to potable water. 
Ila~ncb: 

METERING and OTHER PROCESS APPURTENANCES 
1. Process Metering: The total flow rate through the pump station shall be 

metered. However, considering the wide range of flows ( I  .6 - 19.0 MGD), each 
set of equally sized pumps shall be commonly metered for improved accuracy 
with the total station flow rate computed via software. Either venturi or full body 
mag meters are acceptable. Provide adequate upstream and downstream 
diameters per the manufacturer’s recommendations, and provide no less than 12 
inches of differential for venturi meters at minimum flow rates. The meters shall 
be located within the pump station. 

2. Service Water Metering: All water used within the station shall be metered with 
either positive displacement or turbine meters. 

3. mitoring Equipment: Required for each pump. The parameters that 
are expected to be monitored include winding temperature, bearing temperature, 
vibration, and thrust. See Electrical section for additional information. 

ressure Gauges: Provided on the suction and discharge of each individual 
Pump- 
Surge Tank: It shall be assumed for the purposes of the proposal that the means 
of controlling surge during a power failure shall be by means of a one way 
hydro-pneumatic surge tank. The tank shall be appropriately sized for a 23.0 
MGD capacity such that water fiom the tank will continue to flow into the system 
to prevent the formation of a negative pressure gradient at any point in the 
pipeline upon loss of power. The tank shall be located above grade within the 
pump building. The results of the surge analysis will be required before selection 
of surge attenuation facilities can be finalized. 

6. Analytical ~ n s ~ ~ e n t s :  Total chlorine, free chlorine, and pH shall be 
monitored continuously at the pump station. See Chemical Feed Systems section 
below for additional information regarding the instruments for use in chemical 
metering pump operations. Also provide manual sample taps upstream and 
downstream of all chemical feed points of application. 

4. 

5 .  

CHEMICAL FEED SYSTEMS 
1. Applicable American Water Standards: T-2 (Liquid Chemical Storage, Feed, 

and Containment) and T-9 (Compressed Gas Feed Systems and Storage Facilities) 
which are provided in the Attachments. 

2. rientation of Chemical eed Equipment: All rooms shall be laid out such 
that the need to step over piping or conduit is eliminated or minimized as much as 
possible. AU rooms shall also be oriented similarly such that safety devices 
(eyewashes) are located in a common place (such as near the door) in each room. 
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3. 

4. 

5.  

6 .  

7. 

8. 

9. 
10. 

11. 
12. 

13. 

14. 

Access: All enclosed rooms with non-bulk storage shall include double doors for 
loading drums or bags into and out of the room. Access into chemical 
containment areas shall be by stairs with raiiings (no ladders) up and over the 
wall or down into a recessed containment area. 

quipmenat: All chemical feed equipment shall be 
er a feed range corresponding to max pumpage (19.0 

MGD)/max dosage down to min pumpage (1.6 MGD)/min dosage based on the 
manufacturers recommended turndown ratios. If necessary, provide varying sized 
feed equipment in order to encompass the necessary range of operation. 
Operation of Equipment: All chemical feed equipment shall be flow paced. 
Compound loop capabilities shall be provided as specified below. The length of 
sample lines supplying analytical devices which will be used for compound loop 
control shall be minimized to prevent loop delays. 
Redundancy: All mechanical chemical feed equipment shall have 100% 
redundancy such that one system can be isolated while the chemical continues to 
be fed from the redundant system under all possible flow rates and dosages. This 
redundancy applies to all components of the feed system including appurtenances 
such as anti-siphon valves, calibration columns, etc. but does not apply to bulk 
and day tanks. 
Tank Sizing: The required tank sizes per American Standard T-2 shall consider 
that the bottom and top of the tanks are typically not u se l l  storage. The high 
level of the tanks (pump shutoff point) shall be set such that there is adequate 
time to react to the high level alarm before the tank would begin to overflow. 
Chemical Storage: Storage shall be sized for 3 1 days based on the greater of 
(avg day)/(max dosage) or (max day)/(avg dosage) with space for empty 
containerdcylinders for non-bulk systems unless minimum shipping volumes are 
greater. Even though the average day demand to maintain water quality is only 
expected to range between 1.6 and 3.2 MGD, a flow rate of 10 MGD shall be 
used for the average day demand to reflect a worst case scenario summer demand. 
The maximum day demand to utilize in the calculations shall be 23.0 MGD. 

sfer Bumps: Sized to limit transfer time to no more than two minutes. 
Tank Fill Connections: L,ockable with shutoff valves and appropriately 

labeled. Also provide spill containment (simple sump w/grating) directly below 
the fill connection. 
Priming: All metering pumps shall be oriented with positive suction. 

g Systems: Provide flushing tap at the point of chemical entry into the 
piping system for each feed system. 

outside of the lding in manholes and as far upstream &om the pumps as 
reasanably possible. Pressures on the discharge side of the pump station ace 
expected to be too high to facilitate chemical application. 

a. 
b. Product Farm: LiquidGaseous 
C .  Feed Farm: Gaseous 

l tbQbtS of A]Pp Qion: On the suction side of the station pumping units but 

orhe  Feed System: 
Purpose: To boost incoming disinfectant residual as needed. 
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Revisedper Addendum No. 1 

d. Feed Method: Eduction. Vacuum operated system with eductors at poht 
of application. 

e. Required Product Dosages: 0. I - 1 .0 - 3.5 mg/L (min-avg m a )  
f. Type of Storage Required Ton cylinders 
g. Minimum Shipping Volumes: Not applicable for this chemicd. 
h. No. of Cylinders: Provide space for five ( 5 )  full cylinders and three empty 

cylinders. 
1. Compound Loop Control: Utilize total chlorine residual analyzer 

a. Purpose: To maintain adequate chloramine residual when dismfectant 

b. Product Fom: Liquid/Gaseous 
C. Feed Form: Gaseous 
d. Feed Method: Eduction. Vacuum operated system with eductors at the 

point of application. 
e. Required Product Dosages: 0.03 - 0.33 - 1.17 rng/L, (min-avg-ma) 
f. Type of Storage Required Permanent indoor bulk storage (two tanks, 

each with a minimum 21,000 Ib capmipa&). 
g. Minimum Shipping Volumes: To be determined during design. 
43. 

hi. 

ij. 

jk. 

a. 
b. 
c. Product Form: Liquid 
d. Product Density: 1 1.68 Ib/gal 
e. Feed Form: Liquid 
f. Feed Method Metering pump. 
g. 
h. 
1. Type of Storage Required: Bulk tank. Provide a minimum of 3,000 

j. isolation: Located in an enclosed, heated room. Chemical is subject to 

15. Ammonia Feed System: 

residual is boosted. 

Feed Control: Based on percentage of chlorine feed (typically 3:l 
chlorine: ammonia) 
Chemical Classzfication: Ammonia is classified as an explosive material, 
and all electrical equipment shall be of explosion proof design. 
Speczjk Point of Application: Upstream of chlorine point of application. 

General: This feed system will be utilized to feed a corrosion inhibitor. 
Speczfic Chemical: Non-zinc phosphate (Calgon C-4 or comparable) 

16. Corrosion Control Feed System: 

Required Product Dosages: 2.0 - 3.0 - 4.0 mg& (min-avg-max) 
Minimum Bulk Shipping Volumes: 2,000 gallons. 

gallons to accommodate a 2,000 gallon bulk shipment. 

stratification if .freezing occurs. 

Purpose: To neutralize a leak from the chlorine storage room. 
Required EquQment: Chlorine scrubber system 

and recommend the most economical system. 
Capacity: Capable of neutralizing the contents of a single ton cylinder. 

17. Chlorine Leak Neutra 
a. 
b. 
c. Type: Spray tower design preferred, however, Consultant shall evaluate 

d. 
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Revised per Addendum No. I 

18. 

e. Sodium Hydroxide Storage: Shall meet typical American Water Works 
requirements for bulk liquid storage in terms of piping, materials of 
construction, and containment. Tank to be located indoors. 

Purpose: To neutralize a leak from the ammonia storage room. 
Required Equipment: Ammonia scrubber system. 
Type: E-jector-venturi type with water as the neutralizing chemical. 
Capacity: 
cylinder. 

monia Leak Neutra 
a. 
b. 
c. 
d. Capable of neutralizing the contents of one& entire fixed 

ELECTRICAL 
1. e Senice to the Site 

a. Number of Services: 1 
b. Type ofFeed: To be determined by the Consultant. Some of the factors 

that will determine the type of feed include, but are not limited to: 
* 
* 

The service voltage available from the utility. 
A reliability analysis of overhead versus underground feed from the 
utility to the proposed booster station. The Consultant shall examine 
the outage times per year, past electric company outage history, the 
length of the outage, and other factors (such as fi-equency of recloser 
operation). The goal in performing a reliability analysis is to 
determine how often the power company service will fail. This 
analysis should be presented per the guidelines listed in I.E.E.E. 
Standard 493 (latest edition). 
Availability of rights of way from other property owners 

Protective relaying considerations to examine what type of protective 
relaying scheme will be required to protect other utility customers and 
the rotating equipment inside the booster station. 
Available voltage from the utility. The Consultant shall assume that 
4160V will be used for starting either the estimated 250 or 1250 HP 
loads. This is the preferred voltage to minimize in-rush from the 
motors to the rest of the power system. 

C. Transformer: Pad mounted electric company owned transformers are 
preferred. The Consultant shall make an economic evaluation of this 
option during detailed design. An economic evaluation shall consist of 
the following steps: 
* Determine the type of transformer is to be used (oil filled versus cast 

coil) based on losses, resistance to power system anomalies, short 
circuit protection, whether the electric utility readily stocks 
transformers in this voltage, etc. Losses should be tabulated in the 
form of an annual cost per year. 
Determine whether the voltage should be measured on the primary 
(electric utility side of the pawer system) or the secondary (Water 

* 

* Flood plain considerations 
e 

* 

* 
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Company side of the power system) by examining the electric 
company rate tariffs. 

0 It should be noted that a solidly grounded service is preferred on the 
Water Company side of the power system. 

Electric Meter: The number and location of electric meters shall be 
determined by the Consultant. The Consultant shall determine if primary 
metering is a more cost effective alternative to secondary metering by 
contacting the electric utility and developing an economic analysis for 
review and approval by the Water Company. 
Surge Suppression: Design using the appropriate level of transient threat 
as defined in ANSI/I.E.E.E. Standard C62.41. All transient voltage surge 
suppression equipment shall be tested in accordance with the appropriate 
parts of ANSI/I.E.E.E. Standard C62.45 and UL Standard 1449. The 
Consultant shall review the following issues and summarize their findings 
to the Water Company: length and amplitude of spikes caused by 
capacitor switching, recloser switching, or other pieces of equipment that 
can cause problems on a customer’s power system and provide the 
appropriate protective equipment on the Water Company’s side of the 
power system. 
VoItuge Drops: Develop a protection scheme to ensure that the transfer 
switch and other items (such as induction motors) are adequately protected 
firom voltage unbalance, contact chatter, etc. 

g. Lightning Protection: A “Faraday Cage” lightning protection scheme is 
preferred. Based on the size of the rotating equipment inside the facility, 
the Consultant shall determine what steps will be taken to conform to 
NFPA 780 (latest edition). Some steps include the development of air 
terminals, spline ball ionizers and other lightning protection details to 
ensure that personnel and equipment are protected. 
Power System Studies: Power systems studies shall be performed via a 
Water Company approved computer based program. All studies will 
follow the guidelines of 1.E.E.E Standard 399 (latest edition). The 
following power system studies shall be performed for this project: 
0 Short Circuit Studies: To determine momentary and interrupting 

ratings of equipment in addition to developing values of short circuit 
current at each bus under various loading conditions. Reports will be 
submitted to the Water Company at the 50% and 90% review meetings 
to ensure that the short circuit values have been considered. Where 
required, the Consultant shall use approximate data for the length of 
feeders or other equipment. It is expected that the Consultant will 
calculate both bolted three phase and unbalanced faults (depending 
upon the power system configuration). All assumptions associated 
with rotating machinery and transformer impedances will be listed 
with the Water Company in each submittal. The Consultant shall 
collect data from the electric utilities for short circuit power factor 

d. 

e. 

f. 

h. 
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(X/R ratio) and utility short circuit W A ,  and prepare short circuit 
studies not only for the development of breakedfuses but also to 
determine values of short circuit current under less than worst case 
conditions to ensure that power systems relaying Will operate properly. 
At the end of each short circuit scenario, the consultant shall state 
what can be done to improve ratings of equipment (if equipment is 
found to be deficient) and how protective relaying and coordination 
will detect and trip lower values of fault current without disrupting 
service. A tabular summary shall be presented and include the 

0 RllsNumber 
0 Description 
0 MomentaryRating 
0 Interrupting Rating 
0 Comments on Breaker Status 
Load Flow Studies: To allow the Water Company to determine where 
cables transformers or other power delivery devices are beyond their 
rated limits. The power flow study will also be used to determine the 
optimum distribution of existing and future loads. The consultant 
shall select loading conditions after the operation of the station has 
been determined (assume a minimum of three loading scenarios will 
be run). The load flow study will include a tabulation of all rotating 
machinery and static loads (fiorn 480V upward). The data for the 
power flow study will be tabulated for each load scenario and include 
the following: 

Bus Number 
0 Description 
0 Voltage Magnitude (P.U.) 
0 Voltage Angle 
0 P (Watts) 

0 

0 Status (with exceeds ratings) 
0 Comments 
If bus ratings are exceeded (voltage too low, VA capacity exceeded, 
etc.) the Consultant shall develop possible solutions to this problem 
(such as the installation of capacitors, the changing of taps on 
distribution transformers, etc.). Interpretive results shall include 
detailed commentary (such as busses with motors should be limited to 
a 3% voltage drop based on Fine Print Notes listed in the National 
Electrical Code. If capacitors are required, the Consultant should 
make recommendations for the placement and size of the capacitors. 
The Consultant should make a separate power study showing the 

following: 

e 

= QIVAR) 
Bus Description (Swing, Load, Gen.) 
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effect of the capacitor on the power system. The Consultant shall be 
responsible for developing the total and displaced power factor based 
on the various loading scenarios. 

0 Protective Relaying and Coordination: Submitted at the 90% review 
meeting once the switchgear has been determined and the protective 
devices are selected. The purpose of this study is to ensure that a11 of 
the rotating and static power devices are adequately protected. Note 
that approved short circuit calculations are a prerequisites to this 
study. For purposes of this study, all 4160V and 480V equipment Will 
be examined for protection and coordination. The following items 
will be shown on each plot: 
0 The ANSI motor damage and transformer damage curve 

(depending upon the device being protected). 
0 The time-current Characteristics of each protective device (fuse or 

circuit breaker) immediately upstream of the equipment to be 
protected. 
The time-current characteristics of the protective device upstream 
of an individual branch circuit. (Example: a motor control center 
feeder breaker would be plotted on the same time current curve as 
a motor control center branch circuit breaker, and motor starting 
characteristics) 
Commentary will be provided as to the suggested settings, how 
well the device coordinates with its protected load and with 
upstream devices, and the time margin between device operation 
(when compared to recommended industry practice). 
In order to make equipment protective margins easy to interpret, 
the Consultant shall list minimum safe stall time and transformer 
inrush on the time-current curves. 

0 The Consultant shall consider the need for directional overcurrent 
relaying depending upon the final power system configuration. 

Motor Starting Study: Results shall be tabulated at the 50% and 90% 
design. The Consultant will run the motor starting study on minimum, 
average, and maximum load conditions. The purpose of the motor 
starting study is to determine what the magnitude of the voltage drop 
problem will be elsewhere in the power system when large motor 
loads are started. Output from this study includes, but is not limited to: 
speed, slip, electrical output torque, load current, and terminal voltage 
data at discrete time intervals from locked rotor to full load constant 
speed. The study will be used to determine the best method for motor 
starting, the proper motor design, and the required system design for 
minimizing the impact of motor starting on the rest of the power 
system. 
Ground Mat Analysis: lJsed to ensure that grounding interface will 
protect personnel and equipment under fault conditions. The ground 

0 

0 

0 

9 

0 
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2. 
a 

b. 

C. 

d. 

e. 

f. 

g- 

h. 

1. 

mat study will consider fault current magnitude and duration, 
geometry of the grounding system, soil resistively, probability of 
contact, human factors (such as body resistance). The end-product of 
a ground mat study will be a dimensioned ground grid with values of 
step and touch potentials at various points in the e d .  

diurn Voltage BQWW  st^^^^^^ E 
Type of Equ@ment: 4160V, 3-phase, 4-wire plus ground operating at 
6OHz. All components shall be UE, listed and UL, labeled. 
Materials of Construction: All equipment will be of the Metal Clad type 
per definitions in the latest edition of ANSI C37 series of specifications. 
Metal enclosed switchgear is not acceptable. 
Factory Testing of Equipment: Witnessed by the Water Company or by 
certified test report. This will be determined during detailed design. 
Enclosure Type: NEMA 1 .  Consultant shall provide W A C  equipment 
designed for extra air filtration to ensure that particulate matter cannot 
track on to pieces of electrical equipment. 
Heat Dissipation: Consultant shall provide for adequate heat dissipation 
based on guidelines listed in I.E.E.E. Standard 141, Typical Efficiencies 
of Electrical Equipment. Calculations shall be submitted to the Water 
Company prior ta final design review. 
Maximum Design Voltage: 4.76kV (based on a nominal 4.16kV power 
system). 
Main Bus Capacity: Design for present connected load and future loads. 
Determined by the Consultant during detailed design. 
Momentary and Interrupting Ratings: Determined by the Consultant 
during detailed design. Calculations must be supplied to the Water 
Company before final specifications are approved. Calculations can be 
computer or other Water Company approved method per the guidelines 
listed in I.E.E.E. 141 (latest edition). The Consultant shall provide 
documentation of all assumptions for machine impedances, cable 
impedances (both resistance and inductance), and transformer impedances 
to complete the computations. Since the Water Company prefers a 
grounded secondary service, both balanced and unbalanced fault 
computations will be prepared and presented to the Water Company for 
review and approval. Detailed final calculations will be made by the 
switchgear vendor during construction and shop drawing approval. The 
Consultant shall develop fad t  conditions under minimum, maximum, and 
average power consumption scenarios based on the way the plant is to be 
operated. 
Circuit Breaker Compartments and Circuit Breakers: 
* Horizontal metal clad vacuum circuit breakers are preferred on dl 

main circuit breaker installations. Metal enclosed switchgear is not 
permitted. 
The entrance to the primary disconnecting contacts shall be covered * 
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with metal shutters to ensure that when the circuit breaker is 
withdrawn from the connected position to the test or disconnected 
position. 
Ground bus shall be extended into the circuit breaker compartment- 
Blocking devices shall ensure that breakers of a different frame size 
cannot be installed into the circuit breaker cubicle. 
Ensure that one vacuum contactor breaker shall be finished per 
phase. Breakers of the same type and rating shall be completely 
interchangeable. 
Breaker Operating Method: A stored energy (such as capacitor trip) 
shall be used to operate the breaker under normal conditions. The 
circuit breaker shall be capable of being opened or closed by means of 
a manual charging handle under emergency conditions. 
Provide the ability to plug in auxiliary test devices via a receptacle. 
Circuit Breaker Control Voltage: 48 VDC preferred. If a DC voltage 
is used for breaker control, NiCAD batteries are preferred. The 
Consultant shall develop ampere-hour ratings for approval by the 
Water Company prior to final review. The Consultant shall include a 
dry contact to indicate a low battery condition at the distributed 
control system. 
Provide a minimum of 4 (two NO, two NC contacts) available for 
customer use to indicate circuit breaker condition.. 
Relaying: Shunt trip logic to be developed by the Consultant in 
concert with the Water Company during detailed design (typical each 
branch circuit and main). Microprocessor based relays (such as the 
Multi-Lin units) are preferred to molded case draw-out type. Final 
selection will be determined by the electric utility requirements and 
Water Company preferences. 

* Switchgear Control Wiring: Type SIS wiring preferred; provide for 
a minimum of 20 percent expansion in all terminal bIock wiring. 
Terminal blocks should be rated for 600VAC. A completely separate 
compartment shall be provided for control wiring which shall be 
isolated fiom all me&um voltage Wiring via a metal barria. A feed 
through terminal block (similar to a Phoenix Contact Block used in 
low voltage controIs) is preferred; use a ring-tongue block only if 
absolutely necessary. 

Main Bus Compartment: Tin-plated copper conductors shall be installed. 
Use only a bolted design; welded designs are not acceptable. The main 
bus ampacity will be determined by the Consultant during detailed design 
and shall consider ambient temperature as well as connected load. 

0 Current Transformers: Provide for a 0-5 ampere A.C. output. Current 
transformer ratio tap setting determined at the time of shop drawing 
review. Relaying and current metering accuracy to be Cl00 

0 

* 

0 

* 

* 

0 

* 

j. 

k. Power System Instrumentation: 
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minimum. The Consultant shall ensure that relays do not saturate 
under worst case conditions. Consultant shall determine Wiring 
configuration (wye or delta) and grounding of current transformers by 
coordinating with the manufacturer during detailed design. 

* Potential Transformers: Provide potential transformation with 
120VAC as the rated secondary voltage. Potential transformers shall 
have a 1% accuracy at connected burdens. All potential transformers 
shall be placed in ground drawer mechanism to ensure that the device 
is always grounded. 

Switchgear Batteries: Batteries are to be sized for closing and tripping 
ratings of the selected circuit breakers. Battery selection criteria to 
include but not be limited to: momentary and continuous load tabulations, 
the expected temperature, the specific gravity of the desired cell, battery 
aging factor, battery design margin factor (based on future expansion), 
battery temperature correction factor, and the cell’s capacity rating factor. 
The Consultant shall develop detailed calculations and submit the to the 
Water Company for approval prior to final review. 

m. Power Systems Monitoring: Power Systems Monitoring will be 
accomplished via Multi-Lin units on each piece of switchgear. Parameters 
to be monitored include: voltage, current, power factor, vars, watts, and 
kilowatt-hours. The Multi-Lin units will be daisy chained back to a 
common port on a DPC 3330. Multi-L,in equipment will be used 
regardless of the switchgear manufacturer. The Water Company will 
coordinate with the Conslltant for the frequency which parameters will be 
monitored and trended back at the man-machine interface. 

Motor Voltage: Preliminarily set at 4160V; determined by Consultant on 
the basis of electric utility negotiation, affects of motor starting on power 
system, and the requirements of the driven loads. 
Motor Starting Method Preliminarily set based on an electronic solid 
state system which allows for variable acceleration and deceleration. 
Determined by the Consultant during detailed design. 

C. Frequency of Operation: Motors shall be designed for continuous 
operation and long periods of inactivity. 

d Sound Pressure: Control of the sound pressure level of all equipment shall 
be carefully coordinated between the consultant and the vendor. The 
measuring and reporting of sound level data shall be in accordance with 
1.E.E.E Standard 85. 

1. 

3. ium Voltage Motors 
a. 

b. 

e. Piping System Design Goals: 
Proper support and protection to prevent damage from vibration or 
from shipment, operation, and maintenance. 
Installation adapted to the contour of the machine without obstnlcting 
access openings. 

0 

e Elimination of air pockets. 
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* Provision for easy removal. 

e 

f. Maintenance Criteria 
Major parts, such as frame components and bearing housings, shall be 
designed (shouldered or doweled) to ensure accurate alignment and 
reassembly. 
Easily removable covers will be provided for maintenance and 
inspection of the coil and end turns. 
Every effort shall be made to avoid requirements for special tools 
associated with assembly, disassembly, and routine maintenance. 

g. Load Requirements: Load torque characteristics and total load inertia 
referred to the motor shaft shall conform with the latest edition of NEMA 
MG-1-20.42. The Consultant will be expected to furnish the following 
information to the motor system designer: 
* The speed-torque characteristics of the load under the most stringent 

starting conditions. 
The speed-torque characteristics of the load during a reaccelerating 
condition, the length of maximum voltage interniptions or a fault 
related collapse, and the expected voltage at motor terminals during 
the reacceleration period. 
The total load inertia (WZ) referred to the motor shaft speed (where 
W is the rotor weight and K is the radius of gyration). This total load 
inertia shall include all loads connected to the motor shaft, such as the 
couplings, gearbox and driven equipment. 

h. Motor Per$armance Data: With their rated voltage and frequency 
applied, motors shall as a minimum, operate with the characteristics listed 
below: 
0 

* 

* 

@ 

* 

0 

The maximum 111 load slip shall not exceed 3%. 
The maximum locked rotor current shall not exceed 650% of the full 
load current. 
The minimum locked rotor, pull-up, and breakdown torques shall be 
no less than the values listed in NEMA MG1-20.41. 

* 

1. Insulation Systems 
* General Requirements: Motor shall have an epoxy-base vacuum 

pressure impregnated (VFI), non hygroscopic insulation system, 
including leads and connections to windings. When bus bars are used, 
they shall be insulated. 
Class F Insulation: As a minimum, the insulation system shall meet 
the criteria for NEMA Class F. The allowable temperature rise above 
40 degrees centigrade shall not exceed that listed in NEMA 
MGI-20.40 for Class B insulation. 
Stator Insulation Systems shall be service proven and shall be 
subjected to thermal evaluation in accordance with E E E  Standard 
429. 
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Q For multi-turn stator windings, additional turn insulation shall be used 
as required to maintain the integrity of turn insulation in areas of coil 
deformation. 

General Requirements- Enclosures shall be made of cast or nodular 
iron, cast steel, or steel plate. All enclosure requirements shall have a 
minimum rigidity equivalent to that of sheet steel with a nominal 
thickness of 1/8 inch 
All enclosure’s bolts, studs and other fastening devices shall be made 
of corrosion resistant materials. 
The enclosure shall be designed to facilitate cleaning and painting the 
motor’s interior. 
A weatherproof Type 1 (as specified in NEMA. MG1-1.25.8.1) is 
preferred. It shall be constructed so that any accumulation of water 
will drain from the motor before reaching the level of the windings or 
other live parts. 

k. Frame and Mounting Plates 
Materials of construction: Cast or nodular iron or welded steel plate 
construction. 
Provide removable end bells or end plates to allow for removal of the 
rotor and facilitate replacement of the stator coils. 
The motor fkame, including the transition base, if supplied with the 
motor, and the bearing supports, shall be designed to have sufficient 
strength and rigidity to limit changes of alignment caused by worst 
case combination of torque reaction, conduit and piping stress, 
magnetic imbalance, and thermal distortion to .002 inch. 

Materials of Construction: Cast or nodular iron, steel plate with a 
minimum rigidity equivalent to that of steel plate with a nominal 
thickness of 118 inch. Accessory lead shall terminate in a box separate 
from the motor terminal housing. Secondary connections for current 
and potential transformers located in the terminal housing are 
permitted to terminate in the terminal housing if they are separated by 
a suitable physical barrier to prevent accidental contact. Items inside a 
terminal box include, but are not limited to: 
0 

0 Space heaters 
0 

0 Universal bushing studs 
0 Arresters and surge capacitors 
0 

0 Potential transformers 
0 GroundRus. 

1 .  Enclosures 
Q 

0 

e 

Q 

e 

0 

Q 

1. Terminal Boxes : 
0 

Thermal insulation on the interior top side 

Adequate space for termination of shielded cables 

Differential and phase current transformers 
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m. Surge Capacitors - Surge capacitors shall be the last devices connected to the motor leads 
before the leads enter the stator. 
The connection leads to the capacitors shall be at least 4/0 AWG and 
shall be as short as possible. 
A low impedance ground path shall be provided between the surge 
protection and the stator core. This low impedance path may be 
provided by running a minimum of 4/0AWG wire in parallel with the 
motor leads. This wire will bond the motor core and the terminal box 
by means of compression fittings at the ground point. 

n. Dij6erential Current Transformers: May not be required on electric 
machines rated below 0.5 MVA. Consultant to coordinate with the Water 
Company during detailed design. 
0 Provide on each motor in the 4160V lineup. (Differential relaying Will 

be done via a microprocessor based motor protective relay). 
Current transformer leads will be routed away from the high voltage 
motor leads and protected by a physical barrier to prevent accidental 
contact. Leads shall be terminated at an appropriate shorting and 
grounding terminal in an auxiliary box. The auxiliary box shall be 
accessible without removal of the stator terminal box’s cover. 
Self balancing current transfanners are preferred; this implies that a 
minimum of 6 stator leads are required. 

a. Motor Monitoring Equipment: Bentley Nevada equipment shall be 

* 

e 

0 

0 

provided to monitor the following: 
0 Winding Temperature 

0 RTD elements shall be platinum three wire elements with a 
resistance of 100 ohms at 32 degrees Fahrenheit. 
Elements shall have a stranded, tinned copper wire lead of at least 
22 AWG. 
Two sensing elements per phase shall be installed and suitably 
distributed around the circumference of the stator winding slots. 

0 

0 

* Bearing Temperature 
0 Vibration - Thrust 
Protective Relaying: Some of these Devices will not be required on small 
machines (defined as machines below 0.5 MVA). Consultant to 
coordinate with the Water Company during detailed design. 
* 
0 

p. 

ANSI Device 27: To protect the motor against low or loss of voltage. 
ANSI Device 46: To provide for phase unbalance protection and open 
phase protection. 
ANSI Device 49: Temperature detector relay to provide for overload 
detection by monitoring RTD’s in the stator windings. 
ANSI Device 49S/SO: Contains a time overcurrent unit, low set, high * 
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dropout instantaneous unit, and a high set standard instantaneous unit. 
ANSI Device 50: Provides instantaneous overcurrent protection for 
the other two phases that do not have the 49Si50 device. 
ANSI Device 50GS: Protects the motor against instantaneous ground 
fault protection. 
ANSI Device 87: Protects the motor against phase to phase and phase 
to ground faults. 
ANSI Device 47: Provides for reverse phase protection and under 
voltage protection. 
ANSI Device 48: Provides for incomplete starting sequence. 
ANSI Device 86: Lockout relay. 
individual relay testing with out stopping the motor. 

Used in a circuit to allow for 

q. Rearing Type: Grease lubricated ball bearing preferred. Determined 
with the Water Company during detailed design along with a method for 
bearing lubrication. 
Testing Requirements: Approximately 6 weeks before the first scheduled 
test, the Consultant shall ensure that the vendor has submitted the 
fallowing: 
* 
e Testing sequence. 
* Detailed testing schedule. 
0 

r. 

Types of tests to be performed. 

Guarantee limits such as overall vibration levels, limits of harmonic 
vibration components, frequency and amplification factors of critical 
speeds, motor efficiency noise level, and stator temperature rise. 
Data measurements to confirm guarantee limits to include but not be 
limited to: power (KW), speed (RPM), and torque (ft-lbs), 
shafthearing vibration, journal bearing embedded temperatures, stator 
winding temperatures, temperature on air inlets and outlets, voltage, 
current, calculated lateral speed analysis, and power factor. 
Calibration sheets for all switches, vibration probes, and proximitors. 
A listing of all alarm and shutdown levels. 

0 

* 
* 
Training Requirements: Will not be required in machines below 0.5 
MVA driven by an electric power system. Consultant to develop detailed 
training requirements once the equipment has been selected. Training 
requirements to include but not be limited to: 
* General familiarization to provide management, engineering, and 

maintenance personnel with a broad based familiarization of 
construction features, system operations, and maintenance concepts. 
0 Driven equipment 
0 Maintenance: Maintenance objectives, schedules, inspection, a d  

standard practicedprocedures. 
0 Peripheral Equipment: (vibration detectors, temperature detectors, 

etc.) 

S. 
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0 Unit operation 
0 Protective relaying and coordinatiodcontrol system interlocks. 

4. System Grounding 
a. General: Solidly grounded systems pose some limitations to the 

protection of equipment and clearing of ground faults. The Consultant 
shall examine the following issues with respect to system grounding: 
* How high arcing faults will be extinguished without undue equipment 

damage and r isks for personnel. 
If a High Resistance (‘‘High R”) type grounding system is to be 
considered to allow an orderly shut down of equipment (even under a 
ground fault situation). 
What type of protective strategy should be employed with respect to 
the setting and selection of ground fault relaying on mains, large 
rotating loads (motordgenerators), and power system feeders from 
distribution to utilization equipment. 

* 

* 

5. ohor Control Centers (for use in facilities even if 4160V is used) 
a. 

b. 

C. 

d. 

e. 
f. 

g- 
h. 
1. 

j- 
k. 

1. 

Power Monitoring: Microprocessor based on the incoming main to 
monitor kilowatt-demand, power factor, volts, amperes, etc. 
Main Circuit Breaker: Microprocessor based with adjustable trip and 
delay settings for long-time and short time tripping characteristics in 
addition to instantaneous and 12t (for ground fault). 
Starters: Equipped with the ability to lock out the starter for testing 
during maintenance. Provide in a 20” deep configuration (typical for 480 
V service). 
Pilot Lights: Oil, dust, and water resistant with push to test type 
operation. 
Bus: Tin plated copper. 
Control Power Transformers: Sized for at least 150% of the required load 
to allow for future expansion. 
Wiring Conj?guration: NEMA Class 2B 
Gasketing: Required 
Lightning Arrestors: Provide on the incoming lines based on the 
isokerauaic number (number of thunderstorms per year). 
Surge Arrestors: To be provided for steep wave transients. 
Basic Impulse Lmel (BIL) Requirements: Consultant to coordinate to 
establish a protective margin based on the perceived transient threat 
caused by switching of capacitor banks. 
Thermostats: Consultant shall evaluate the need for the use of 
condensation type inside each starter to prevent moisture build-up on 
components. 

6. s: 
a. Switching Technology: Insulated Gate Bipolar Junction Transistor (IGBT) 

technology is preferred. Pulse width modulation is the preferred method 
for frequency control. The Consultant shall address the following factors 
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with regard to VFD selection: 
e The number of power transistors per phase. This directly impacts the 

drives ability to allow for “graceful degradation” i.e., the ability of the 
drive to run with a malfunctioning switch until it can be fixed. 
The switching time associated with the transistors. This parameter has 
a direct effect on issues such as  reflected waves through power cable, 
dv/dt stress on motor winding insulation, power system harmonics, 
etc. 
How heat will be dissipated away from the electronics. This aspect of 
drive design ensures that components do not dissipate heat that will 
shorten drive life. 

Bypars: Provide the ability to operate the motor on either the VFD or a 
bypass in case of drive failure. Both the drive and the VFD are to be 
separately mounted from power distribution equipment (such as a motor 
control center or switchgear) to allow for ease of maintenance. In order to 
ensure electrical isolation, an input contactor, an output contactor and a 
VFDhypass contactor will be provided. Drive bypass can be either soft 
start or reduced voltage auto transformer (RVAT) starting. This project 
detail will be developed with the consultant during detailed design. The 
following factors will determine the selection of the bypass starter: 
e The torque-speed characteristics of the load (centrifugal pump). 
e The torque-speed characteristics of the motor. 
0 The need for “ease of starting” based on the selected power system 

voltage for the p u p s .  
Enclosure: The drive system shall be located in an area where NEMA 1 
enclosures can be used. The consultant shall ensure that heat dissipation 
requirements are developed for these enclosures. Calculations shall 
determine whether a closed loop air conditioner system is required to 
protect drive components. 

e 

0 

b. 

c. 

d. General Features: 
Critical frequency avoidance 
Remote speed control (no PID control is required internal to VFD 
electronics; speed control is determined fiorn a signal developed from 
the DCS via a control strategy). 
Remote speed status 
Local speed status (in units of percentage of full speed or Hertz) 
Speed profile to provide adjustable settings for start, stop, entry and 
slope, and minimum and maximum speed points. 
Automatic restart after drive trip 
Power loss ride through 
Transient voltage surge suppression on drive electronics 
LCD display of current, fiequency, and output KW 
Parameter Settings: The following parameter settings shall be Capable 
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of being input to the VFD: 
0 Independent ACCELJDECEL rates 
0 Vmin, Vmax, Volts/Hz ratio 
0 

0 W a x  speed (frequency) 
0 

0 

Provide a HAND-OFF-REMOTE switch. With the HOR switch in the 
hand position, the drive shall be controlled by manual speed controls 
mounted on the drive door. 
With the HOR switch in REMOTE, the drive shall start when it 
receives a signal from the DCS. Its speed shall be regulated from a 
4-20 mA DC analog signal generated by the DCS. 
Provide a selector switch to allow the user to select whether the motor 
is run from the drive or bypass starter. This capability shall also be 
operator selectable through the distributed control system. 

Harmonic Suppression: The drive system shall meet the standards of 
I.E.E.E. 519 for the total harmonic distortion for both voltage and current 
at the point of common coupling. The following analysis factors should 
be performed during detailed design: 
* The expected level of harmonic distortion shall be calculated by the 

Consultant and submitted to the Water Company for review and 
comment. 
The Consultant shall examine the following means of suppression for 
harmonics: 
0 A drive isolation transformer (which only filters out 3rd order 

harmonics) 
An L-C filter to eliminate negative sequence currents developed 
fiom the 5th, 7th, 1 lth, etc. harmonics. It is not expected that the 
Consultant size the L-C filter during detailed design as this 
depends upon the drive selected. 
An evaluation of different drive technologies to help mitigate 
harmonics. Example: The Consultant shall consider 12 pulse 
drives with filters versus an 18 puke drive for harmonic 
suppression and submit their analysis to the Water Company for 
review. 

g. System Burn-In: Drive electronics shall be energized for a period of time 
coordinated between the Consultant and the manufacturer. 

h. Load Characteristics: Consultant to determine whether the drive system 
is constant torque or variable torque based on the application. (variable 
torque is most commonly used). 
Minimum Guaranteed System Eficienq: A11 drive equipment shall be a 

Overload trip curve select (inverse, constant) 

Diagnostic features (determined during detailed design) 
Display fault type (or number) 

e. Drive System ConPois: 
* 

* 

0 

f. 

0 

0 

1. 

DC - 32 

. . .. ._ . . . - .. . _ _  . .. . . -. -.- . 



minimum of 95% efficient. 
7. cellamems Power Distribution 

a. Circuit Panel: Circuit breakers will be of the bolt-on type. Push on type 
circuit breakers are not allowed. Use copper type bus and ensure U.L. 
labeling of entire system. Provide a transient voltage surge suppresser on 
the main of each power distribution panel. For more specific 
requirements for the protection of sensitive electronic instrumentation, see 
Instrumentation section. 
Cables: Those rated for 480V and below shall be dual listed as XHHW 
type insulation listed for at least 90 degrees centigrade. In order to 
maintain a 90 degrees centigrade rating, all of the connectors and lugs at 
each end of the cable shall be TJ.L,. listed for 90 degrees centigrade per the 
U.L. CJreen and White Books. 
Lighting, Power, and Instrumentatian Transformers: Dry type to I i k t  
maintenance items. A minimum of (2) taps will be provided above rated 
voltage (in 2.5% increments) and a minimum of (2) taps will be provided 
below rated voltage (in 2.5% increments). Open type transformer cases 
are not allowed. All units will be of sealed type construction. Based on 
the effects of switching capacitor banks, the consultant shall examine the 
need to install transformers with a higher than average Basic Impulse 
Level @E) that is not normally required in the 480V class. 

Fluorescent Type Fixtures: When used, units shall be sealed and water 
resistant. In order to facilitate conformance with NFPA 101 (the Life 
Safety Code), the consultant shall ensure that emergency battery back up 
is placed on lighting fixtures so that the facility is still illuminated in the 
event of a pawer failure. 

b. Exit Signs: Low voltage type and placed inside the facility per the latest 
requirements of NkPA 101 (the Life Safety Code). 

c. Exterior Lighting: High pressure sodium, photocell type, wall mounted, 
vandal proof. 

b. 

c. 

8. LjghtingFixtures 
a. 

INSTRUMENTATION 
1. General Operation of the ooster Stations: Control and monitoring of the 

booster station shall be by means of a continuous leased telephone line back to the 
RRS treatment plant. Additionally, the station pressure (suction and discharge) 
and flow rate shall also be monitored at the LWC English Station facility. The 
scope of work associated with the LWC monitoring requirements shall be limited 
to that required at the booster station only (Le. LWC will be responsible for the 
necessary work at the English Station facility). 

a. L,acal/Remote Capabilities: Each applicable piece of equipment will be 
equipped with a Local-Off-Remote selector switch (at the piece of 
equipment) ta allow the location of control to be changed. In order to 
emure that the RTU (in the Remote Manual or Remote Automatic Mode) 

2. General Modes of Operation 
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3. 

4. 

5 .  

has control, a contact block will be added on the Remote leg of the 
selector switch. The output of the contact block will drive a digital input 
that wilI serve as a permissive in the DCS. If the DCS attempts to control 
a device from the RTlJ when it is not in the Remote mode, a failure 
condition will be delineated at the operator’s interface. 
Local-Manual: An operator at a piece of process equipment will turn the 
device on and off. Required for all equipment. 
Local-Automatic: Contrals are hardwired into pieces of equipment by a 
vendor (such as prepackaged pump control valves). Required where 
applicable. 
Remote Manual: An operator in the control room turns items on and off 
via the operator interface connected to the DCS. Required for all 
applicable equipment. 

e. Remote Automatic: The DCS turns items on and off and performs all 
control. Required for all applicable equipment. 

Specific Modes of Operation: All pumping units shall be designed to operate in 
a remote manual mode where an operator at the RRS would turn pump 
combinations on and off and set the desired flow rates, however, the sequencing 
of the two pumps operating in series would be automatic. All chemical feed 
systems shall have the capability to operate in a remote automatic mode. 
Additional information regarding control logic, alarming, graphic displays, and 
reporting requirements can be found in the Attachments. It is the Consultant’s 
responsibility, in conjunction with the Water Company, to modify this generic 
information as appropriate to meet the specific project needs. 
Conventional/Rdundant Instru entation: Not required. This includes chart 
recorders. 
Remote Telemetry Units 
a. Processors: Bristol Babcock Distributed Process Controller (DPC) 3330 

real time mode 386 processor architecture capable of interface with a 
16-bit man-machine interface. Each processor shall be provided with 
nonvolatile memory (with lithium battery back-up). 

Ports: Four configurable ports per remote telemetry unit. 

lighting fixture activated by a door switch. 

b. 

c. 

d. 

b. Sohare:  Bristal ACCOL 
c. 
d. Cabinets: Shall be free standing. Include fan and heater and compact 

e. Keypads: Use of remote mounted keypads is not allowed. Use integral 

f. Terminal Blocks: Vertical stacking permitted, staggered or alternating 

g. Provide in each cabinet to facilitate future 

h. 
1. 

units ody. 

stacking not permitted. 
Spare Wired Terminals: 
expansion. 
Convenience Receptacles: Use ground-fauIt interrupter type only. 
Separation of Power Cable and Signal Wires: 120 VAC control cable 
shall be physically separated from 4-20 mA signals as much as practicable 
inside control cabinets. 
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j. 
k. Single Density I/O Boards: Not permitted. Use only high (double) 

1. 
m. 

I/(? Slots: 12 slot boards required. 6 slot boards are not permitted. 

density hoards. 
Remote Input/Output (RIO) Board:  not permitted. 
4 Wire Control: required for all pieces of equipment (one contact for stop 
and one for start, etc.) except for metering pumps (which only require 1 
contact for the start and the stop functions). 
Modulating Valves: Require a pulsed digital output signal in lieu of an 
analog output for valve position from the DCS. 
Spare Boards: Provide a minimum 20% installed spare boards of each 
VO type with a minimum of 1 board type per RTU 

General: No additional hardware and software or upgrades to the existing 
hardware and software at the RRS is necessary. 

General: The consultant shall follow guidelines for the powering and 
grounding of sensitive electronic equipment listed in I.E.E.E. Standard 

Dedicated Instrument Panel: Required to provide 120 VAC power to all 
of the RTUs, analyzers, etc. that require power. No other loads (such as 
facility W A C ,  etc.) shall be allowed on this panel. This power panel 
shall have a dedicated unintermptable power supply upstream of this 
branch circuit panel for the purpose of voltage stabilization and some 
minimal forms of isolation. Consultant to evaluate whether to size the 
U P S  for control room devices and all field RTUs or to provide individual 
UPSs far the control room and each field RTU. Evaluation factors to 
consider include but are not limited to reliability (MTBF) for battery 
chargers and batteries vs. MTRF for a single fmoresonant IPS, and cost 
differential between larger field cabinets vs. cost of a centrally located 
U P S .  
Transient Voltage Surge Suppression: Required for all 4 wire instruments 
(such as a chlorine residual analyzer), and placed on the 120 VAC branch 
circuit and on the 4-20 mA portion of the circuit. The transient voltage 
surge suppression on the 4-20 mA wiring shall be located on the field side 
of the proposed 4 wire instrument. For all two wire 4-20 mA instnments 
that have signal cable running fiom outdoor to indoor locations (or signal 
wire run between buildings), transient voltage surge suppression on the 
field side of the 4-20 mA signal is required. 
Grounding: Each RTU cabinet shall be provided with a direct connection 
to the ground grid via a driven rod in addition to the equipment safety 
ground required by the National Electrical Code. Daisy chaining of 
grounds is not acceptable. A grounding detail showing the interface 
between the RTU cabinet and the proposed grounding system is required. 
Instrumentation shields shall be grounded at the DCS end only. Provide 
grounding straps on unit lengths of conduit runs for better electromagnetic 

n. 

0. 

6. erator Interface 
a. 

Proteetion of Sensitive Electronic Equi 
a. 

7. 

1100-1992. 
b. 

c. 

d. 
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8. 

9. 

10. 

interference. The electrical grounding specifications must be cross 
referenced to the instrumentation and control specifications so that it is 
understood that the system integrator monitors the quality of system 
grounding from an electromagnetic and radio frequency interference 
(EMI/RFI) standpoint. In order to facilitate an electrically conductive 
ground mass, provide connections to structural steel and interface them to 
the grounding system. 
Conduit: All signal cables shall be run in a ferrous conduit (to provide 
additional electromagnetic interference protection) from the instrument to 
the DCS. 

f. Diodes: Shall be provided across all of the digital outputs to limit surges 
from switch of electromechanical devices (such as motors). 

g. Power Supplies: Separate power supplies shall be provided for analog 
inputs and RTT Js, and digital outputs. 

h. Conduit Spacing: Required between power and signalkontrol cables as 
listed in 1.E.E.E Standard 5 18-1 982. 
mications Equi 
Data Highway: A fiber optic data highway will be provided between 
RTUs (run in a ring configuration) to allow for superior interference 
protection. Design shall be based around the use of Manmarc modems 
and IFS 62.4 micron fiber optic cable. Spare fibers will be provided in 
each pull to allow for the immediate connection of one RTU to another in 
the event that the installed connections are broken. 
Spare Parts: The consultant shall confer with the Water Company for the 
required fiber optic spare parts associated with splitter kits, termination 
kits, and crimping tools. Provide a minimum of 1 spare fiber optic 
modem per site. 

Chlorine and Corrosion Inhibitor: Use PVC coated rigid galvanized steel 
as the wiring method in these areas. W e r e  possible, enclosures for 
control and electrical components should be located outside of the feed 
rooms. Where this is not possible, the enclosures shall be fiberglass 
NEMA 4X type enclosures. 

Hnput/Output Lists: Those provided in d e  appendices at the end of the Design 
Concept are preliminarv and are only provided to give a general indication of the 
level of monitoring and control that will be required. The Consultant is required 
to develop a complete VO list based on the final design details. 

e. 

a. 

b. 

$ignd/COntId W h h g  for Corrosive Areas 
a. 

GENERAL BUILDING REQUIREMENTS 
1. Site 

a. 

b. Entrance: Manual sliding gate. 
c. 

Fencing: Chain link with barb wire encompassing all facilities. Fence to 
be grounded if power lines cross overhead. 

Roadways: Asphalt. Provide concrete in chemical unloading areas where 
trucks may need to back up andor turn. The Consultant shaIl assume that 
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2. 

3. 

4. 

5 .  

6. 

7.  

8. 

the access road could be as long as 500 ’. 
Landscaping: Minimal seed and shrubbery in front of pump station, 
natural landscaping elsewhere unless otherwise dictated by local 
ordinances. 
Signage: Kentucky-American name and logo at entrance 
Exterior Lighting: Provide where necessary for security purposes. 

Water Service: 
backflow preventors provided where necessary. 

d. 

e. 
f. 

a. 

b. Sanitary Waste: Septic system 
c. Heating: Electric heat preferred in the chemical rooms. Need for and 

source of heat in the pump room to be recommended by the Consultant. 
d. Air Conditioning: Not required. Provide ventilation for control of heat 

generated by the pumping units. Emergency ventilation for chemical feed 
systems shall be per American Water Standards (see Attachments). 

e. Telephone Service (personne2): Not required. 
Archi t e c h  re 
a. General: The facility shall be designed with the understanding that it will 

be remote fiom the KAWC operations and subject to vandalism. 
b. Exterior: Double wall construction utilizing either split face block or 

brick. 
c. Rooj: Flat, fully adhered membrane roof is preferred. Provide access to 

the roof from the interior of the building. 
a. Interior Walls: Painted block. 
e. Wall Penetrations: All to be provided with cages. 
Painting: All mechanical equipment and other potentially corrosive surfaces to 
be coated. All exposed metal piping to be color coded per Ten State Standard 
requirements. PVC or other flexible piping shall either be purchased in the 
appropriate color (if available) or wrapped or striped with appropriate colored 
tape. 
SafetyBecurity 
a. 
b. 

c.  

In plant water service to be metered and individual 

Smoke and Fire Alarms: Provided in pump areas. 
Security System: Keypad type provided at entrance door and tied to the 
distributed control system with local audible alarms. 
Motion Detectors: Provided around the exterior of the building and tied 
to the distributed control system with local audible alarms. 

emoval: Provide monorail and electric hoist far pulling the 
pumps. Monorail to be exactly centered over each of the four pumps (and future 
fifth pump) and extend a minimum of six feet outside the building. 
Pumping Unit Access: Should the height of the pumping units be such that they 
are not easily accessible for maintenance, provide either a two tiered structure 
with the cans of the pumps in a partial lower level or teed pumps with buried cans 
and all other equipment at ground level. 
Flood Plain: Operating floor of the pump station to 3 feet above the 5OO-year 
flood elevation. 
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E. 

BOOSTER STAT1 N NO. 2 (just downstream of the Glenn’s Creek) 

PUMPING UNITS and DRIVERS 
1. General: Same requirements as for Booster Station No. 1. 

PIPING AND VALVING 
1. General: Same requirements as for Booster Station No. 1. 

METERING and OTHER PROCESS APPURTENANCES 
1. General: Same requirements as for Rooster Station No. 1 

CHEMICAL FEED SYSTEMS 
1.  General: None required at Booster Station No. 2. The same analytical water 

quality instruments proposed at Booster Station No. 1, however, are also required 
at Booster Station No. 2. 

ELECTNCAL 
1. General: Same general requirements as for Booster Station No. 1. 

INSTRUMENTATION 
1. General: Same requirements as for Booster Station No. 1 except there will be no 

chemical feed system UO. 

GENERAL BUILDING REQUIREMENTS 
1. General: Same requirements as for Booster Station No. 1 except that the 

building shall be laid out to accommodate chemical feed facilities (identical to 
Booster Station No. 1) ifneeded in rhefiiture. 

ASIN (just downstream of the 

GENERAL 
1. Purpose: To receive and settle water flushed through the pipeline before disposal 

to the Kentucky River. 
2. Type: An earthen basin(s) similar to a lagoon. The Consultant shall complete 

the Retention Basin Study described in Section F before making a Jinal 
recommendation for the most economical type of facility- 
She: Adequate to provide 4 hours of detention time at 23.0 MGD with a loading 
rate of approximately 0.3 gpdsf.  

3 .  

4. Liner: None required. 
5.  Effluent Discharge: Weir structure. 
6. echlonination: Will be accomplished manually utilizing existing KAWC 

dechlorination trailers. 

PIPING 
1. ischarge: Drain pipe quality (PVC, CMP, etc.) acceptable. Terminate 
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with a flap gate or duck bill valve at the Kentucky River. 
2. 
3 

rain: Normally open to prevent accumulation of rain water. 
Val: Provisions to receive either a pig from Booster Station No. 1 or a 

pig which would be launched backward from the KAWC distribution system shall 
be provided. The pig retrieval piping facilities shall basically consist of a 
y-branch and valve off the main pipeline and piped to grade with a cap. The pig 
launch facilities at the KAWC existing distribution system shall meet the same 
requirements as those specified for Booster Station No. 1. 
Energy issipaters: Provided both within the basin and at the discharge point to 
Kentucky River. 

4. 

SITE 
1. Fencing: Chain link with barb wire encompassing all facilities. Fence to be 

2. Entrance: Manual sliding gate. 

- 
grounded if power lines cross overhead. 

GENERAL 
1. Reason for Studies: The scope of work presented in the Design Concept has 

been prepared based on the facilities which are expected to be the most cost 
effective. However, there are threeftkrg areas which will require further detailed 
analysis before detailed design can be initiated as defined below. 
Schedule: ii’hejrst two BetA-studies shall be completed prior to initiating any 
work on the booster stations. Work associated with the pipeline can commence at 
any time and is not dependent on the outcome of these studies. The third study 
shall be completed before initiating any work on the retention basin 
Proposal Assumptions: The Consultant’s proposal shall be based on the scope 
of work presented in the Design Concept. Should the results of these analyses 
differ significantly from the defined scope of work, the Consultant will be 
requested to submit a revised cost proposal at that time. 

2. 

3. 

PUMPING UNIT STUDY 
1. Description of Study: To determine the optimal type and configuration of 

pumping units. The Design Concept currently assumes that this configuration 
will consist of single vertical can turbine pumps for each desired flow range. 
Scope of Study: The study shall encompass and address the following as a 2. 
minimum. 
Q tJse of horizontal split case pumps in lieu of vertical can turbines. 
Q Use of more than two pumps in parallel to meet the desired higher flow rates. 
* Capital cost considerations for all related facilities beside the pumps 

themselves (i.e. building size, electrical equipment requirements, 
instrumentation YO, etc.). 

Q Operational cost considerations such as pump efficiencies, additional 
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maintenance requirements, etc. 

The number and locations of booster stations shall not be addressed in the study. 
The larger pumping units do not necessarily need to be of the same type or 
configuration as the smaller pumping units. 

ENERGY STUDY 
1. escfipthn of Study: To determine the optimal source and type of power, 

especially for the larger pumping units (two estimated 12.0 MGD capacity units 
in parallel at each booster station) considering that their use will be infrequent. 
The Design Concept currently assumes that these units will be operated via power 
from the electric utility. 
Scope of Study: The study shall encompass and address the following as a 
minimum: 
0 Utilization of direct drive diesel engines on all of the larger pumping imits in 

lieu of electric motors. 
Utilization of a diesel generator(s) for all of the larger pumping units in lieu 
of electric motors. 
Utilization of VFDs on the larger pumping units (estimated 12.0 MGD 
capacity). 
Utilization of 480V power in lieu of 4160V power for all of the smaller 
pumping units. This is of particular concern in regard to the costs for the 
variable fiequency drives. 
Capital cost impact on all related facilities besides the pump drivers and 
electrical equipment (i.e. building size, power company initial capital fees, 
etc.). 

e Operational considerations including electric utility demand charges 
associated with the large difference between average and maximum station 
capacity, electric utility constraints on the number of starts per period of time 
and when the loads can be started, and labor required to operate the facility 

2. 

e 

0 

0 

ate the selected pump drivers). 
3. nghe Considerations (Larger Pu 

Units): The following factors shall be examined by the Consultant in the 
scenarios associated with the 12.0 MGD pimps installed on a 4160V (or higher 
voltage) power system: 
* Impact on building space requirements to accommodate the extra switchgear, 

relaying, etc. described previously in the Medium Voltage Motor section. 
Impact on station reliability to determine: 
0 

* 

Reliability of switchgear (number of failures expected per year, expected 
downtime, etc.) 

0 Reliability of a 12.0 MGD motor (number of failures expected per year, 
expected downtime, etc.) 

Impact on power system relaying: 
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0 The need for differential type relaying and directional overcunent 
relaying. 

0 Utility interface requirements due to the large service involved (as 
opposed to simply running 300 HP motors on a medium or low voltage 
power system). 

Impact on grounding system design - What additional features need to be 
included in the design and selection of devices to protect personnel and 
equipment? 
Impact on surge protection and lightning protection - What additional features 
must be added to large rotating machinery to protect them from excessive 
winding stresses caused by lightning or other anomalies? What impact does 
this have on space requirements, etc. 
What impact will the running of the large motors have on the need for power 
factor correction to ensure that demand charges are acceptable? 
What impact will the selection of large machines have on the Water 
Company’s ability to obtain maintenance engineering and spare parts support? 
The Consultant must identify a minimum of two (2) NETA certified shops 
that can work on electrical machines of this size. In addition, the Consultant 
shall identify a minimum of two (2) shops capable of performing re-wind, 
vibration, and other mechanical testing on these machines during the 
evaluation phase of the design. 
What are the regulatory impacts of these units (fram a sound attenuation 
standpoint in both motor/diesel driver scenarios and an emissions standpoint if 
a diesel driver is used )? 
What is the impact on system efficiency when comparing the diesel driver to 
an electric system? Specifically, what are the efficiencies (both electrical and 
mechanical) for the two alternatives at varying loads? 

4. 4160V vs. 480V C O ~ S ~ & ~ & Q ~ S  (Smaller Pumphg IJnits): The Consultant 
shall evaluate the following factors when comparing the smaller at 4 160V versus 
480V: 
e Installed first cost 
0 Impact on space requirements 
* 
e 

0 Efficiency requirements 
0 

* 

0 

0 

0 

e 

e 

Life cycle cost issues associated with the cost of maintenance, spare parts, etc. 
Reliability (failures per year, the number of hours of expected downtime) 

For loads run on VFD’s, the Consultant should analyze the costs, benefits and 
limitations of nuuring the VFD’s at 480V in the case of a 4160V system. 
This cost should address factors such as space, effects on the power system 
(as far as motor starting, harmonic suppression, etc.) 

RETENTION BASIN STUDY 
1. Description of Study: To determine the most economical means for receivinE, - 

settling, and discharging water flushed through the pipeline. The Design Concept 
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currently assumes that this will be accomplished with the use of an earthen 
lagoon type retention basin. 
Scope of Study: The study shall encompass and address the following as a 
minimum: 
9 

0 

2. 

Use of a vortex type separator in lieu of an earthen lagoon 
Capital costs including land purchase costs 
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Acceptable Equipment Manufacturers 

. PIPING, VALVING, and APPURTENANC 
Equipment Description .- 
Ductile Iron Pipe 

Reinforced Concrete Pipe 
Steel Pipe 

- 
Pump Control Valves (ball or cone) 

Butterfly Valves wElecb5c Operators 

Butterfly Valves w/Manual Operators 

---- 
Resilient Seat Gate Valves 

Plug Valves 

-- 
Air Valves 

Blowoff Valves 
Surge Tanks and Related Equipment 
Bronze Ball Valves 

-- 
_I 

- 
Backflow Preventers 
- --_ 
Displacement and Turbine Meters 

- --- 
Magnetic Meters (full body) 

- 
Venturi Meters 

American Ductile Iron Pipe 
Griffin Pipe Products 
United States Pipe and Foundry 
Price Brothas Company 
Thompson Pipe and Steel Company 
L,.B. Foster Comnanv 
Henry Pratt Company 
Golden Anderson 
Willamette 
DeZurik 
Henry Pratt Company 
De2uri.k 
Henry Pratt Company 
Clow Valve Company 

______- 

Mueller Company 
Clow Valve Company 
United States Pipe and Foundry 
American Flow Control 
D e Z ~ -  
Henry Pratt Company 
Kevstone Valve Comnanv 
Golden Anderson 
Cla-Val 
APCO 
Val-Matic 

_- - Kupferle 
Fluid Kinetics Corporation 
Conbraco Industries 
Watts Remilator Comnanv - 
Ames Company, Inc. 
Watts Regulator Company 
Sensus Technologies, Inc. 
S chlumberger Industries 
Sparling InstrumGts, ~nc .  
Fischer and Porter 
Rosemont 

- 

Lee& and Narthrup 
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Henry Pratt Company 
Primary Flow Signal - - ~  

~- Pressure Gauges (liquid filled) 

Equipment DRscrzption 
Vertical Can Turbine Pumps 

-. Manufacturers 
Byron Jackson 

Horizontal Split Case Pumps 

. CHXMICAL FEED FACILITIES 
EquQment Description 
XLHDPE Chemical Storage Tanks 

Metering Pumps and Liquid Feed Equipment 

---- 
Chlorinators and Gaseous Feed Equipment 

- 
Chlorine Scrubbers 

-- ~- 
Magnetic Centrifugal Transfer Pumps 

- Gaseous Chemical Cylinder Scales - 
Chemical Ball Valves 
Fill Connections 

--- 
Electric Motors 

Manufacturers 
Poly Processing Company 
Ndgene Industrial Products Group 
Wallace $c Tieman 
Prominent Fluid Controls 
Pulsafeeder, Inc. 
JAC 
Milton Roy Company - LMI 
Wallace & Tiernan 
Capital Controls Company 
Environmental Systems TecGology 
RJ Environmental 
Powell Fabrication and Manufacturing 
March Manufacturing Inc. 
Iwacki Walchem 

Chemtrol 
Civacon 

.-- 

Force Flow Equbrnent - 
- -- 

Diesel Engines 

Floway 
Fairbanks Morse 
PAC0 
Peerless Pump Company 
GOuldS 
Ingersoll Dresser 
Patterson Pump Company 
Peerless Pump Company 
Worthington 
Continental 
General Electric 
US. Motors 
Siemens 
cumlnins 
Detroit Diesel 
Caterpillar 
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--- 4. ELECTRICAI, 
Equipment Description 
Electric Valve Operators 

.--I____ 

- --- 
Variable Frequency Drives 

Motor Control Centers 

-- - -- 
Switchgear 

Panel Boards 

_I. 

Outdoor Transformers 

Dry Type Transformers 

Transient Voltage Surge Suppressers 
Push Button Selector SwitchesPilot Light 
- 

--. 
Relays 

Control Relays, T G g  Relays 

~- 
Power Panels 

Lighting 
I 

-- 
Manufacturers 
Auma Actuators, Inc. 
E M  
Limitorque Corporation 
Allen-Bradley 
Cutler HmmerNCrestinghouse (Eaton) 
Robicon 
General Electric 
Allen Bradley 
Westinghouse/Cutler Hammer 
Square D 
General Electric- 
Westinghouse 
Square D 
General Electric 
Westinghouse/Cutler Hammer 
Square D 
General Electric 
WestinghouselCutler Hammer 
Square D 
General Electric 
Westinghouse/Cutler Hammer 
Square D 
Advanced Protection Technologies 
General Electric 
Allen Bradley 
Westinghouse/CutIer Hammer 
Square D 
General Electric 
Westinghouse/Cutler Hammer 
Potter B n d e l d  
LDEC 
Diversified Electronics 
Agastat 
General Electric 
Westinghouse/Cutler Hammer 
Square D 
Holophane 
Day-Bite Benjamin 
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pH Analyzers 

Manufacturers 
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-. Great Lakes Instruments 

Capital Controls Company 
Hach Company 

Ultrasonic Level Probes Endress Hailser 
Inventron 
Miltronics 

Conductance Level Switches Bexelbrook Corporation 
WatriCwB&W 

Pressure Transmitters Foxboro 
Rosernont 
Mercoid/Dwyer Pressure Switches 

Solenoid Valves Automatic Switch Company 
Motor Monitoring Equipment Bentley Nevada 
Modems 
Unintermptable Power Supply Best 
Remote Telemetry Units 

-- -- -- 
Chlorine Residual Analyzers Wallace& Tiernan 

--- 

-__ 

-- 
-- 

Manmarc 

Bristol Babcock, Inc. 

- 

Signal Isolators 
Terminal Blocks 
RTU Cabinets 

System Integrators 
- 

-- 

6.  GENERAL, BUIZDING REQUIREMENTS 
Equipment Description Manufacturers 

Sherwin Williams Company 
Tnemac Company, Inc. 

AGM 
WeidmullerPhoenix Contact 
Hoffman 
Rittal 
Bristol Babcock 
Industrial Control Systems 
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Type 
DO 

.-...-_ 

Preliminary Input/OutF>ut List 
(note: each line of description will pertain to multiple units at both booster stations as applicable) 

Local Redundancy 
at motor starter 

1. PTJMPING IJNITS and DRIVERS 

l z z t o r  Frequency 
DO at motor starter 1 
A 0  atVFD 

Pump Local/Remote Status 
Pump on status 

DI at HOA switch 
DI visual I I 

DI visual 
AI atVFD 

DescrzF$on Type 
Rate of Flow Control Valve A 0  
Rate of Flow Control Valve Position AI - 

AI Station Suction Pressure * 
Station Discharge Pressure * AI 

AI Station Flow Rate * 
Pump Control Valve Position AI 

- 

- 

System Voltage 

System Amperage 

at power monitoring equipment 
at power monitoring equipment -__I__ 

at power monitoring equipment 

Local Redundancy 
atvalve 
at valve 
pressure gauge 
pressure gauge 
at meter 
at -- valve (note: control to be local only) I 

- 

- 

AI at power monitoring equipment 
AI at power monitoring equipment 
AI at power monitoring eaubment 

.~~ 
- 

Description Type 
Bulk Tank Level (ultrasonic) AI 
Bulk Tank High-High Level 
Day Tank Level (ultrasonic) AI 
Day Tank High-High Level DI 
Transfer Pump Run Status DI 

- - - -DIL,EDreadout  

-___. 

-~ 

Pump Motor Bearing Temperature 
Pump Motor Winding Temperature 
Plm~ Motor Vibration 

at motor monitoring equipment 

at motor monitoring equipment 

Local Redundancy 
LED readout at tank and fill point 

LED readout at tank 
LED readout at tank 
visual 

- _ ~ ~  at tank and fill point I.___ 
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1 Feed Equipment LocaURemote Status - 
- Feed Equipment M O f f  

Feed Equipment Speed 
Feed Equipment Stroke 
Feed Equipment Run Status 

Eduction Water Flow Status 
Containment L e v - -  

Cylinder Weight 
G% Le& Indication 
Eduction Vacuum Status 
PH at instrument 
Total Chlorine Residual at instrument 

dial readout at scale 

-- 

-- 
DI at HOA switch 
DO at feeder 
A 0  at feeder 
A 0  at feeder 
DI visual 
DI alarmlight 
DI none 

- 

~- 
-.- 

F r e e  Chlorine Residual 1 - A I l a t i n s t r u m e n t  

4. GENERAL BUILDING RI;,QUIRIEMENTS 

Smoke and Fire Alarm at alarm panel 
Intrusion Alarm at alarm panel 
Motion at alarm panel 
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Resign Memorandum Requirements 



KENTUCKY-AMERICAN WATER COMPANY 
BZ;LTEGRASS WATER PROJECT 

The information provided below outlines the minimum design information that must be 
included in the Design Memorandum. The Consultant shall add additional infarmation to the 
memorandum when appropriate to ensure that all critical design parameters are reviewed and 
agreed to by the Water Company before initiating detailed design and drafting. It will be 
necessary for the Consultant to interface closely with the Water Company in developing the 
Design Memorandum. 

The main section of the Design Memorandum must include project design data which 
will be utilized in the development of drawings and specifications. This would include 
quantities, capacities, rates, and all other pertinent design criteria for each specific section 
presented in the Design Scope. A comparison of the required facilities (as calculated or as 
specified in the Design Scope) to the selected facilities is critical such that the Water Company 
can understand how the proposed facilities were selected. This information must be presented in 
an organized, easy to read tabular or outline format with minimal full sentence text. Two 
generic examples are presented below as guidance. 

Example No. 1 - BMEXlpiIBg FaC*~eS 
General Pumping Information 
Pumpage Requirements: 1.5 - 3.0 - 5.0 MGD min-avg-max 
Means of Flow Control: Variable fiequency drives 

Pumuing Unit Selection (Pumps 1,2, and 3 are Identical) 
Type of Pump: Vertical Turbine 
Capacity: 3.0 MGD @ 5 0  ft  TDH 
Best Efficiency Point: 2.5 MGD @ 45 ft TDH 
Minimum Capacity: 1.5 MGD @ 40 ft TDH (50% turndown) 
Efficiency: 75 - 88 - 82% min-avg-max 
N P S H R :  10 - 15 - 22 A. min-avg-ma 
NPSHA: 40ft 
Maximum Hp at any Point of the Curve: 32 HF 
Motor Selection: 40 IP 
Capacity of any Two Pumps in Parallel: 5.2 MGD @ 63 ft TDH 

XaIlnpk NO. 2 - 
General Chemical Information 
Chemical: Aluminum sulfate 
Purpose: Primary coagulant 
Product Form: Liquid 
Product Concentration: 48% 
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Product Density: 1 1. I O  Ib/gal 
Dry Weight Dosage Requirements: 2.0 -- 15.0 - 50.0 .I& mh-avg-max. 

Bulk Storage 
Minimum Bulk Shipping Volumes: 5,000 gal (if bulk storage is utilized) 
Dnun Storage Size: 55 gal (if drum storage is utilized) 
Total Storage Required: 3 1 days 
No. of Drums Required (max day - avg dose): 80 
No. of Drums Required (avg day - max dose): 133 
Bulk Tank Size Required (max day - avg dose): 4,368 gal 
Bulk Tank Size Required (avg day - max dose): 7,279 gal 
125% of Minimum Bulk Shipping Volume: 6,750 gal 
Bulk Storage Selection: 10,000 gal bulk tank 

Day Storage 
Max Transfer Time Desired: 2 min (per the Water Co.) 
Bulk Tank Size Required (max day - avg dose): 141 gal 
Bulk Tank Size Required (avg day - max dose): 235 gal 
Transfer Pump Capacity Required (ma day - avg dose): 7 1 gph 
Transfer Pump Capacity Required (avg day - max dose): 1 18 gph 
Day Tank Selection: 300 gal 
Transfer Pump Selection: 120 gph 

2 

Feed Capabilities 
Feed Form: Liquid 
Feed Concentration: 100% 
Feed Method: Metering pump 
Point(s) of Application: Upstream of raw water static mixer 
Maximum Feed Requirement (max dose - max day): 19.57 gph 
Average Feed Requirement (avg dose - avg day): 2.93 gph 
Minimum Feed Requirement (min dose - din day): 0.13 gph 
Feeder 1 Selection: 20 - 0.2 gph (1OO:l turndown) 
Feeder 2 Selection: 10 - 0.1 gph (1 00: 1 turndown) 
Feeder 3 Selection: 10 - 0.1 gph (100: 1 turndown) 

* Provide minimal supplemental text or sketches to clarify the above as necessary. 

Along with the above , it is also necessary to include the following information in the 
Design Memorandum. All drawings and sketches shall be no larger than 11” x 17”. 

a. The results of the steady state hydraulic analysis presented by way of a hydraulic 
profile along the entire pipeline route. 

b. Results of the surge analysis (in summary format). 
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C. 

d. 

e. 

f. 

g. 

h. 

1. 

j. 

k. 

1. 

m. 

A process schematic at the booster stations showing all process units, points of 
chemical application, and points of on-line analytical sampling as a minimum. 

Chemical feed system schematics. 

Booster station survey drawings. 

Preliminary booster station design drawings showing general layouts, sections, 
and architectural treatment. 

The I/O list, functional descriptions, and graphic display, report, alarm, and 
historical database definition. 

The narrative description of the operation of the proposed facilities. 

A listing of major equipment required for the project including the manufacturer 
and model no. which will be used as the basis for design. If possible, at least two 
other alternative manufacturers shall be identified for a11 major equipment for 
inclusion in the specifications. 

The construction cost estimate. The initial submittal of the design memorandum 
shall include the preliminary estimate. The final estimate shall be provided for 
review at the final design review meeting. 

An update of ail permit information as specified in the Information to be 
Submitted with the Proposal. 

All geotechnical information. The Consultant shall summarize the information 
from the geotechnical investigation report in the Design Memorandum, and also 
include a copy of the report as an attachment. 

A sumnoary of any significant issues resulting from discussions with utility 
companies. 

n. An updated project schedule. 
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ATTACHMENT C 

Arrrericarr Water Works Service Co., hc. Applicable Standards and Examples 

1 .  T-2: Liquid Chemical Storage, Feed, and Containment 
2. T-9: Compressed Gas Feed Systems and Storage Facilities 
3 .  Generic Control Logic 
4. Example RTU Interconnection Drawing 
5. Example Plan and Prqfile Pipeline Drmving 
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A. BACKGROUND 

Disinfection and dechlorination are commonly achieved at water treatment plants with 
the use of gaseous chemicals. For high feed rates, the use of gaseous chemicals typically results 
in a more cost effective system and simplifies operations and mahtenance. While these 
chemicals are necessary to provide a safe potable water, improperly designed feed and storage 
facilities present the potential for injury to humans and damage or deterioration of plant 
facilities. Gaseous chemicals present a two fold liability to humans in that both excessive 
consumption of the chemical through the drinking water and inhalation or exposure in the event 
of a leak can result in serious consequences. 

B. SCOPE 

This Standard encompasses significant design considerations for compressed gas feed 
systems and storage facilities for three specific gaseous chemicals commonly used in water 
treatment. These chemicals are chlorine, ammonia, and SULfur dioxide. Chlorine gas is the most 
common of the three chemicals, and is utilized primarily for disinfection and oxidation. The use 
of ammonia for the formation of chloramines is becoming more prevalent for disinfection 
by-product control. S d f b  dioxide is the least common of the three chemicals and is used when 
dechlorination is necessary. The use of sulfur dioxide for dechlorination may become more 
popular in the hture as &sinfection/DBP regulations become more stringent. 

This Standard addresses the specific components required for both the feed systems and 
the storage facilities, as well as addressing the properties of the specific chemicals and the basic 
theories and equations used in designing these facilities. The design of feed and storage 
facilities for all three chemicals is similar, and the specific differences for each are addressed 
within this Standard Various industry standards and practices along with other published 
technical literature have been reviewed, consolidated, and incorporated into this Standard as 
necessary. Specific State requirements are not identified witbin this Standard. 

C. PURPOSE 

An engineeriug standard is necessary to ensure that compressed gas feed and storage 
facilities are properly designed, This Standard is meant to be used by engineers and other 
experienced personnel as a guide in the design and modification of these facilities. Sketches and 
schematics are provided only to illustrate the various recommendations and should not be 
construed as being precisely applicable for all installations. Selection of specific equipment, 
sizing of components, and hydraulic anaiyses are exampIes where technical expertise is required. 
Manufacturer's recommendations and literature must also be consulted for all installations. 
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This Standard is written primarily to address the requirements for new facilities, 
however, guidance for incorporating these recommendations into existing facilities is also 
provided The Standard is meant to provide sound technical information, and good judgment 
must be used in incorporating this information into the design process, especially for existing 
facilities. It is important that the engineer recognize the purpose of the recommendations within 
this Standard, and maintain the intent of the specific recommendation as opposed to attempting 
to comply exactly with the details. The basis behind specific recommendations is included 
throughout the text. 

A. COMPRESSED GAS PHYSICAL PROPERTIES 

Chlorine, ammonia, and sulfur dioxide are supplied by chemical manufacturers in a 
liquid state in various size steel cylinders. The combination of temperature and pressure causes 
the gas to liquefy, thus permitting significantly larger volumes to be stored and shipped At a 
specific temperature, the gas and liquid exist in equdibrium with a resulting pressure that allows 
for withdrawal and feeding of the gaseous form of the chemical. Each compressed gas has 
distinctive physical and chemical properties, however the requirements for feeding and storage 
are similar. 

Exposure to chlorine, ammonia, or sulfur dioxide gases will cause irritation of the eyes, 
nose, throat, and lungs. Each gas exhibits a sharp pungent odor which is readily detected by the 
human senses. Exposure to a sufficiently high concentration of any of the three gases can be 
fatal. However, complete recovery should occur following a mild exposure since none of the 
gases produces a cumulative physiological effect on the human body. 

1. Chlorine 

Chlorine is a chemical element belonging to the halogen group. Chlorine gas is 
approximately 2 1/2 times heavier than air, thus if it escapes from its cylinder it will seek the 
lowest level in the room in which the leak occurred It has a characteristic odor and is greenish 
yellow in color. Both chlorine gas and chlorine liquid are non-explosive and non-flammable, 
however, it is an oxidizer and capable of supporting combustion of certain substances. Many 
organic chemicals react readily with chlorine, sometimes violently. When moisture is present, 
gasious chlorine is strongly corrosive to meMs. 

2. Ammonia 

Ammonia is a compound formed by the chemical combination of the elements nitrogen 
and hydrogen in the molar proportion of one part nitrogen to three parts hydrogen. It is 
commonly referred to as anhydrous ammonia. Ammonia gas weighs approximately 1/2 as much 

air, is colorless, and has a pungent odor. It is classified by the United States Department of 
Transportation as a non-flaxunable gas since it has a very narrow flammable range in air of only 
16%-25% by volume. However, the National Electric Code classifies ammonia as a Class I, 
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Group D gas which may be an explosion hazard in a confined space. Therefore, all ammonia 
installations must be designed with explosion proof electrical components if the specific 
components cannot be located outside of the room. Most common metals are not effected by Ctry 
ammonia, however, when water or water vapor is present, ammonia will attack copper and Zinc 
or alloys containing major proportions of these metals. Mixtures of hydrogen and chlorine gas 
Can react Violently, therefore ammonia and chlorine must be kept isolated from each other. 

3. Sulfur dioxide 

Sulfur diaxide is a compound formed by the combination of the elements sulfur and 
oxygen. On a weight basis, the proportion of the elements is about one part sulfur to one part 
oxygen. S u l k  dioxide gas is more than twice as heavy as air, but slightly less dense than 
chlorine gas. It is a colorless gas with a characteristic pungent odor. Sulfur dioxide is not 
flammable nor explosive in either the gaseous or liquid state. Dry sulfur dioxide is not corrosive 
to most metals, however, in the presence of even small amounts of water, it is corrosive to most 
metals. 

4. Table of properties 

Properties of importance of the three compressed gases described above are as follows: 

Molecular weight 
Specific gravity (air = 1.0) 
Freezing point 
Boiling point- 
Vapor pressure @? 700 F 
Critical temperature 
Critical pressure 
Latent heat of vaporization 
Dangerous air concentration 

Chlorine (a,) 
70.906 

2.49 
-1500 F 

-29' F 
86 psi 
291" F 

1157 psia 
124 BTU/lb 
40-60 ppm 

17.03 1 
0.60 

-108" F 
-28' F 

114 psi 
270') F 

1636 psia 
588 BTUAb 

2000-3000 ppm 

s ioxide (SOz) 

64.06 
2.26 

+140 F 
34 psi 
3150F 

1143 psia 
156 BTU/Ib 

400-500 ppm 

-105°F 

The freezing and boiling points are defined as the respective temperatures at which the 
liquid state of the gas either solidifies or vaporizes at atmospheric pressure. Vapor pressure is 
the absolute pressure of the gas above the liquid in a closed system at a given temperature when 
they are in equilibrium. Critical temperature is the temperature above which the chemical can 
exist only as a gas no matter how great the pressure, and critical pressure is the resulting pressure 
at the critical temperature. The latent heat of vaporization is defined as the amount of heat 
required to evaporate a unit weight of the liquid state of the chemical. The dangerous air 
concentrations are those approximate concentrations at which continuous exposure of at least 30 
minutes could be fatal. All of these properties are important in the design of the feed and 
storage facilities as discussed in subsequent sections. 
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B. COMPRESSED GAS FEED CALCULATIONS 

Sustained gas withdrawal rates from chlorine, ammonia, or sulfur dioxide cylinders are 
dependent on several factors including the specific gas, the ambient temperature where the 
cylinders are located, the operating requirements of the gas dispenser system, and the size of the 
cylinder. The air circulation rate, the humidity in the storage room, and the amount of liquid 
remaining in the cylinder also effects the withdrawal rate, however, the effect is small in 
comparison with the other factors and can be neglected in the final withdrawal calculations. 

As gas is withdrawn from a cylinder, a specific amount of heat (latent heat of 
vaporization) is needed to evaporate the liquid If adequate heat is not available in the air 
surrounding the cylinder, the heat will be taken from the liquid resulting in a temperature drop as 
evidenced by a cooling of the cylinder. This temperature drop results in lower pressures within 
the cylinder which in turn gradually diminishes the rate of gas flow from the cylinder. If the 
humidity is high and moisture is present in the air, frost will form on the cylinder which will act 
to insulate the cylinder and further reduce the amount of heat that can be taken from the 
surrounding air. Circulating the air around the cylinder can improve this condition. 
Additionally, as the liquid in the cylinder is depleted, the area of the cylinder in contact with the 
liquid is lessened which reduces the transfer of heat to the liquid which also reduces the 
withdrawal from the cylinder. 

Each specific gas dispenser system requires a minimum amount of pressure to operate 
properly. Most vacuum operated gas dispenser systems require approximately 12-14 psi at the 
vacuum regulator for proper operation which must always be verified with the manufacturer. 
The temperature at which this minimum required pressure is reached is referred to as the 
threshold temperature. The threshold temperature for a specific chlorinator can easily be found 
from a vapor pressure curve for the specific gas if the required pressure for the vacuum regulator 
to operate properly is known. Vapor pressure curves for the three gasses addressed in this 
standard can be found in Attachment A. A partial tabdar form of the graph in Attachment A is 
presented below. 
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It can be seen that the vapor pressure increases as the temperature increases. As previously 
shown, the pressures can exceed 1000 psi for any of the three gasses as the critical temperature is 
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approached. 

The size of the cylinder also effects the withdrawal rate since a larger cylinder has more 
surface area to transfer the heat from the surrounding air to the liquid. The combination of the 
size of the cylinder and the latent heat of vaporization for the specific gas allows for the use of a 
withdrawal factor to simplify the withdrawal rate calculations. Withdrawal factors for each of 
the specific gases and types of cylinders are as follows: 

- eo 

150-lb cylinder 
1 -ton container 

100-lb cylinder 

800-lb container 

150-lb cylinder 
1-ton container 

150-lb cylinder 

Sulfur Dioxide 

AIL 

1 .o 
8 .O 

0.3 
0.4 
3.2 

0.75 
6.0 

Therefore, the withdrawal factors for diffaent gases having cylinders of the Same 
geometric proportions are approximately proportional to the ratio of latent heat of vaporization 
values. For example, chlorine and sulfur dioxide 150-lb cylinders are approximately identical in 
size and shape, therefore, their withdrawal factors differ by the ratio of their respective latent 
heat of vaporization values. Note that this is not the case for a 1SO-lb ammonia cylinder since 
the density of ammonia is significantly less than that of chlorine or sulfur dioxide, and therefore 
a much larger cylinder is needed to contain 150 lbs of ammonia The dimensions of the larger 
cylinder allow for more heat transfer to the liquid which results in a withdrawal factor that is 
higher than the ratio of latent heat of vaporization values. 

Considering all of the above, the foIloWing calculation can be used to determine the 
maximum withdrawal rate ftom a cylinder, or the required room temperature to feed at a given 
rate: 

[(Room temp, F - Threshold temp, F) x Withdrawal factor] = Maximum withdrawal rate (Ibdday) 

For example, if chlorine was being fed ftom 150-Ib cyiindas with a typical vacuum operated gas 
dispenser system which required a gas pressure of 14 psi, and the room was heated to 70 F, the 
maximum withdrawal rate fkom a single cylinder would be: [(70 - 0) x 1.01 = 70 lbdday. This  
confirms the general rule of thumb for feeding chlorine from 150-lb cylinders of 1 Ib/day for 
each degree F the storage room is heated to. However, this rule of thumb does not hold true for 
other gases and various size cylinders since both the threshold temperature and withdrawal 
factors will be different. If the total feed requirements for a particular installation cannot be 
achieved with a single cylinder at a practical room temperature, other means must be taken such 
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as manifolding multiple cylinders or providing a vaporizer. If manifolding of cylinders is 
pursued, care must be taken to ensure that all the cylinders are at the same temperature and 
pressure. Additional idormation regarding vaporizers is addressed in a subsequent section. 
Under no circumstances shall direct heat be applied to the cylinders in an attempt to increase the 
withdrawal rate. 

C .  COMPRESSED GAS FEED SYSTEM COMPONENTS 

Compressed gas feed systems can be one of two types; either vacuum operated or direct 
feed. In a vacuum operated system, gas flow to the point of application is induced by a vacuum 
created fiom an external source. The pressurized gas exiting the cylinder is reduced to less than 
atmospheric pressure by means of a pressure reducing valve referred to as a vacuum regulator. 
In a direct feed system, gas flow is generated directly from the pressure in the cylinder. Vacuum 
operated systems are recommended for all installations due to the potential hazards associated 
with bredcs in the piping between the cylinders arid the point of application in a direct feed 
system. Additionally, vacuum operated systems safeguard against reliquification of the gas 
Within the piping system as discussed in more detail below. 

The foIlowing system components are required for the proper operation of a vacuum 
operated compressed gas feed system. This standard does not address direct feed systems. A 
schematic of a typical compressed gas feed system is also provided in Attachment B. 

1. Scales 

Systems utilizing storage in cylinders 1 ton and smaller shall provide appropriate means 
of measuing the chemical usage in the form a dual cylinder scale. Scales for 150-lb and smaller 
cylinders shall be of the type that cylinders can be easily rolled on and off, thereby preventing 
the need to locate the scale in a recessed pit. Restraint chains to keep the cylinders f7om tipping 
shall also be provided with the scale. Scales for cylinders one ton and larger shall be load cell 
type. They shall be bolted to the floor and provided with trunnions to allow for easy positioning 
of the container valves. It should be noted that 150-lb and 100-lb ammonia cylinders have 
diameters larger than a 150-lb chlorine cylinder, and typical 150-lb chlorine cylinder scales 
cannot accept cylinders of larger diameter. For manifolded cylinders, it is only necessary to 
provide a scale for one pair of cylinders since the withdrawal from each individual cylinder will 
be $e Same provided all the cylinders are exposed to the same ambient air temperature. 

At a minimum, two sets of dual scales shall be provided to separately inventory all pre 
and all post chemical usage. Depending on the number of points of application and the usage at 
each of these points, it may also be advisable to provide additional inventory. This could be 
accomplished either with a dedicated dual scale or an individual gas flow meter located at the 
gas dispenser for each individual point of application. 

2. vaporizer 

When it is not practical to manifold cylinders together to achieve the required gas 
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withdrawal rates, a vaporizer (evaporator) shdI be provided. The vaporizer receives the liquid 
chemical fiom the cylinder, supplies the necessary heat to vaporize the liquid into the gaseous 
state at a rate sufficient to meet the desired feed rate, and discharges the gas to the gas 
dispensers. Vaporizers are usually water-jacketed or steam heated. Special precautions must be 
taken when providing vaporizers, and manufacturer's recommendations, Chlorine Institute 
Pamphlet 9, and ASh4E codes must be consulted. 

3. Vacuum regulator/automatic switchover device 

A vacuum regulator is a spring-loaded pressure reducing valve which reduces the gas 
pressure in the storage cylinders to a consbntly regulated vacuum, usually about 20" of water 
colu~m. Each weighed cylinder or set of manifolded cylinders requires a vacuum regulator. 
The vacuum regulator should be installed as close as possible to the cylinder to minimize the 
length of pressurized gas piping, and must never be located outside of the cylinder storage room. 
For manifolded cylinders, a single vacuum regulator can be mounted on a manifold for each set 
of weighed cylinders unless local regulations require the vacuum regulator to be mounted 
directly on the cylinders. Vacuum regulators mounted on manifolds shall be located at an 
elevation higher than the storage cylinders to allow liquid which may form in the piping to flow 
back to the cylinder.. A spare, non-imtalled vacuum regulator shall be provided for each 
capacity required for the system. The vacuum regulator shall be sized for a feed rate based on 
rnaximUm expected flow rate and dosage. 

Automatic switchover capabilities are required for all pairs of cylinders or pairs of 
manifolded cylinders to provide uninterrupted operation of the chemical application. A pair of 
combination vacuum regulator/automatic switchover devices is recommended for this purpose. 
The valve on standby is held closed by a detent-type lockout. When the on-line supply is 
exhausted, the system vacuum rises to a higher than normal level which overcomes the latching 
force of the detent in the stand-by vacuum regulator causing both cylinders to be on-line which 
ensures complete emptying of the fist cylinder. A separate automatic switchover device in 
combination with standard vacuum regulators is also acceptable, however, such units which 
require power to operate the automatic switchover device are not recommended. 

4. Pressurized gas piping and appurtenances 

Flexible pipe runs are recommended for all piping between the cyIinders and the vacuum 
regdators if the vacuum regulator is not mounted directly on the cylinder. Soft seamless copper 
tubing is required for chlorine and sulfur dioxide service. Rubber hose with external metallic 
armor is required for ammonia service. Should it become necessary to use permanent rigid 
pressurized piping between the cylinders and the vacuum regulators, only schedule 80 high 
temperature seamless carbon steel piping shall be used Pennanent rigid piping shall be color 
coded in accordance With Ten State Standards or individual State color coding schemes. Shut 
offvdves, ifrequired, shall be ball type with forged carbon steel bodies. 

A presswe gauge with petcock shall also be installed in the piping immediately upstream 
of the vacuum regulator to monitor the pressure in the cylinders. The gauge shall be rated for 
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twice the expected operating pressure of the cylinder. The gauge shall be a diaphragm type, and 
the diaphragm materials of construction will vary for the specific gas. Tantahm is required for 
chlorine and sulfur dioxide, and stainless steel is required for ammonia. Silver is also a suitable 
diaphragm material for chlorine service. 

Pressurized gas could reliquify within the piping if the temperature in the storage room 
were to drop below its normal operating temperature. Typical vacuum operated equipment is 
designed for gas service only and could become damaged if it comes in contact with the liquid 
form of the chemical. Therefore, all pressurized piping should slope towards the cylinder to 
allow any liquid which may form to flow back to the cylinder. If the piping cannot slope 
towards the cylinder, a trap (drip leg) is required just upstream of the vacuum regulator and 
pressure gauge. A drip leg is also required just upstream of the vacuum regulator and pressure 
gauge for all ton cylinder installations to collect the Iiquid that comes fkom the ton cylinder's gas 
eduction tube when initially opened. The trap shall be 1-inch in diameter, 18 inches long, and 
permanently capped at the end. Whenever a trap is used, a strainer should also be installed 
immediately upstream of the trap to remove entrained solids such as pipe scale. The strainer 
shall be a basket type of all steel construction. 

5. Gasdispensers 

Vacuum operated gas dispensers are required for each point of application, and shall be 
located in a separate room from the storage cylinders. The gas dispensers shall be sized to 
provide a feed rate based on maximum expected flow and dosage. A secondary gas dispenser is 
required for a specific point of application when the minimum expected feed rate falls within the 
bottom 10% of the primary unit's turndown ratio. Additionally, at least one spare gas dispenser 
with the capability of meeting the feed range requirements described above shall be provided in 
place and piped for use to all points of application. Each gas dispenser shall have isolation 
valves installed both upstream and downstream. 

All gas dispensers shall be provided with vent lines. The vent line should slope on a 
continuous down gradient for chlorine and sulfur dioxide and a continuous upward gradient for 
ammonia to the exterior of the building to an area where gas fumes cannot cause injury to 
personnel. The vent lines shall terminate with a turned down plastic screen. If vent Iines are 
manifolded fkom several gas dispensers, the flow area of the manifold shall be at least equal to 
the summation of the flow area of the individual gas dispenser vent lines. Each vent line shall 
have an individual shutoff valve if it is manifolded to a common header. 

Gas dispensers can operate either manually, by flow proportional control, or by 
compound loop control. Flaw proportional control is recommended when the process flow rate 
is not relatively constant. Compound loop control is recommended when both the process flow 
and influent residual are not relatively constant. Direct residual control is not recommended 
since the response time to varying conditions is slow. Controllers can be mounted either 
integral with the gas dispenser or remotely. 

T9- 10 



3 , 
i 

6. Vacuum piping and valves 

Hard piped schedule 80 PVC piping or flexible plastic tubing shall be used for vacuum or 
solution piping downstream of the vacuum regulators. Manufacturer's literature must be 
consulted to determine the sizing and maximum line lengths for the specific chemical and feed 
rates for vacuum piping. The piping can have flanged, threaded, or solvent welded connections, 
and particular attention shall be taken to prevent air leaks. Vent lines from the gas dispensers 
shall also be constructed of schedule $0 PVC pipe or flexible plastic tubing. Valves in vacuum 
lines shall be ball w e  with PVC materials of construction. Vacuum, solution, and vent piping 
shall also be color coded and distinguishable from the pressurized gas piping. 

A vacuum gauge shall be installed just downstream of the vacuum regulator to veri@ 
proper operation of the vacuum regulator. A typical vacuum regulator operates at approximately 
20-inches of vacuum water column, and the gauge shall be a compound diaphragm type with 
20-inches of vacuum as the approximate mid point in the range. The same materials of 
construction as recommended for the pressure gauge diaphragm apply to the vacuum gauge also. 
Since the gas in the piping downstream of the regulator is under a vacuum, the temperature drop 
required to convert this gas to a liquid is significant, and therefore traps are not required in 
vacuum piping. 

7. Fixed throat injectors 

A fixed throat injector (eductor) with integral check valve, and an operating water supply 
are needed for each point of application to induce the vacuum required to operate the system. 
The injector ais0 serves to thoroughly mix the incoming flow of gas with the operating water. 
Backup non-installed injectors should also be provided for each size injector in the system. The 
injector shall be sized for the maximum anticipated feed rate. Chemical feed equipment 
manufacturers should be consulted for specific operating conditions for the eductors they supply 
for the specific chemical being used. 

The injector should be located directly at the point of application unless site conditions 
prevent easy access to the point of appiication for maintenance of the injector. Locating the 
injector at the point of application provides for transport of gas under vacuum, therefore, if leaks 
would occur in the vacuum line during operation, the gas would not escape. Specific 
information regarding the water supply to operate the injector is provided below. 

8. Water supply line, booster pumps, and appurtenances 

The water supply line to operate the injector shall include a strainer and either a manual 
or solenoid vdve which is the primary control far operating the system. When the available 
water supply is not adequate for the requirements of the injector, a booster pump and necessary 
appurtenances shall be provided A complete backup on-line booster pump system shall also be 
provided. Booster pumps can be either centrifugal or turbine type depending on the operating 
requirements and local preference. The booster pumps shall be located outside of the rooms 
housing any of the other feed system components. 
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A pressure regulating valve shall be provided on the water supply line to provide a 
constant pressure to operate the injector. Lf a booster pump is provided, the pressure regulating 
valve shall be located downstream of the pump so as not to effect the pump's operation. The 
booster pumps shall be provided with suction and discharge shutoff valves and pressure gauges, 
a suction strainer with blowoff, and a discharge check valve, all typically recommended for 
water service. For turbine pumps, a needle by-pass valve shall also be provided on the pump 
discharge to allow for relief back to the suction line in order to adjust the operating point of the 
pump. A pressure relief valve shall also be provided on the turbine pump discharge and piped to 
the pump suction to prevent damage to the system components due to excessive pressures. 
Although the discharge head generated by a centrifugal pump can be no higher than its suction 
head pIus its cutoff head, a turbine pump will continue to generate head if its discharge line is 
closed. A typical turbine booster pump schematic is provided in Attachment C. 

It should be noted that ammonia feed systems require softened water for the injector 
operating water. If softened water is not used, frequent maintenance will be required for the 
injector due to the calcium carbonate deposition resulting fiom the softening reaction caused by 
the ammonia addition. Typical injector operating water flow rates are low enough that 
commercially available softening units are economical to use. The softening unit should be a 
dual type such that uninterrupted service is provided. The softening unit as well as all of the 
water supply components must be located outside of the storage and feed rooms. 

9. Diffusers 

It is necessary to properly distribute the chemical solution at the point of application. 
Chemical compatibility must be considered when choosing the location and order of the points 
of application. For pipeline installations with solution lines 1-inch and less, a removable type 
assembly is required consisting of a diffuser pipe and corporation cock. The dif3bser pipe 
should extend into the process pipe approximately 25-50 % for proper dispersion. For larger 
process pipe sizes where quick dispersion of the chemical is required, a fixed main installation is 
required consisting of a perforated diffuser pipe extending the entire diameter of the process 
pipe. 

For open tank distribution, a perforated diffuser pipe or spray nozzle is recommended 
Either device needs to be adequately supparted in the open vessel, and located at an elevation 
where it is submerged at all times under all operating conditions. Flexible piping shall be used 
near the diffuser to facilitate maintenance or removal. Manufacturer's literature shodd be 
consulted for the specific installation for either open tank or pipeline installations. 

10. Analytical equipment 

A continuous recording chlorine residual analyzer is required at the entrance to the 
distribution system for all facilities where chlorine is used for disinfection. The analyzer shall 
be equipped with both low and high residual alarms. Adequate facilities must be present at the 
site to carry the waste from the analyzer. 
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D. COMPRESSED GAS STORAGE AND FEED ROOM ELEMENTS 

The facilities required to house the compressed gas feed equipment are extremely 
hportant in terns of operator safety and providing adequate containment in the event of a gas 
leak. In general, individual storage and feed rooms are recommended for all installations. The 
storage room should contain all elements of the feed system which are under pressure and sized 
for a minimUm 30 day supply. It is preferred that empty cylinders not be stored outside of the 
storage room, however, if space prevents this, the empty cylinders must be protected from direct 
sunlight. Under no circumstances shalI full or partially MI cylinders be stored outside of the 
storage room. 

All components of the gas system downstream of the vacuum regulator and upstream of 
the injector should be located in the feed room. The feed rooms shall be sized to house all of the 
recommended components and provide adequate cIearance for the gas dispensers per the 
manufacturer's recommendations. Providing separate storage and feed rooms minimizes the 
need for an operator to be exposed to the potential dangers associated with pressurized gas. 
However, it is sometimes not practical to construct a separate feed room (e.g. well station). In 
these instances, it is acceptable to locate the feed room components within the process room (e.g. 
pump room) provided that room meets the requirements of the feed room in terms of leak 
detection and ventilation as discussed below. Attachment D is provided for guidance. 

1. Room materials of construction 

Standard building materials of construction including brick, block, concrete, wood, and, 
drywall are adequate for both the storage room and the feed room provided that they result in a 
totally sealed room. Since all of the chemicals are corrosive if moisture is present, no bare metal 
should be exposed within the room. .Any metal that is exposed within the room must be painted 
or adequately coated. There is no need to paint or coat either the walls or the floor of the room. 
Roof joists or beams should be isolated with drywall or other non-metallic materials to provide 
an airtight seal. Should any water supply piping need to pass through either room, the materials 
of construction should be PVC as opposed to copper or any other type of metal. No floor drains 
shall be provided in either room, however, consideration should be given to installing a sump 
and piping at the time the room is constructed if there may be a need in the future to install a 
scrubber. 

2. Access doors and cylinder handling 

Separate manway doors shall be provided for both the storage room and the feed rooms. 
The storage room shall have access only from the exterior of the building. The feed room access 
can be from either an interior or exterior building location, however, local regulations may 
require only exterior access for this room also. Under no circumstances shall a door be provided 
between the two rooms. For large rooms, consideration should be given to providing more than 
one manway door when quick and easy exit by an operator may not be possible with a single 
door. Manway doars shall open outward and be equipped With panic hardware. All exterior 
doors shall be capable of being locked for securjty reasons. All doors shall be provided with 
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weather strips to prevent water from entering the room or gas from escaping the room. A light 
shall be installed above all exterior doors for security and safety reasons. 

The manway doors for storage rooms utilizing 150-lb and smaller cylinders shall be large 
enough to pennit easy handling of the cylinders through this door. For ton cylinder installations, 
an equipment door to facilitate the monorail shall be provided in the storage room in addition to 
the manway door. If possible, the monorail shall be designed with a hinge such that it can 
folded back into the room when not in use as  opposed to permanently extending it through the 
door, thus alleviating a potential source for gas to escape. 

3. Vision panels and windows 

Vision panels are required for both the storage room and feed rooms. The vision panels 
for both rooms must be located only at an interior building location. The glass panels must meet 
the BOCA code fire rating requirements. Additionally, a vision panel shall be provided between 
the two rooms. All vision panels should be a minimum of 3' x 3' and oriented such that a fbll 
view of the room is possible, especidly being able to see the scale readouts and gas dispenser 
rotameters. The vision panel in the feed room should be located adjacent to the manway door, 
and could be located in the door if a full view of the room is still obtainable. Under no 
circumstances shall external windows be provided in either room as the heat generated from 
sunlight could create excessive pressure in the cylinders or piping. 

4. Heating 

Individual heating units are required for both the storage and the feed rooms. Only 
electric or hot water heat shall be permitted Electric heating units in an ammonia room shall be 
explosion proof. The heaters shall be controlled by individual thermostats located in each room. 
The storage room SM be heated to 70 F and the feed rate Calculations shall be based on this 
temperature. It is always necessary to perform heat leak calculations for the storage room to 
properly size the heater. The temperature in the feed room is not as critical since the gas 
pressure is low and the potential for reliquification is minimized with a vacuum operated system 
It is recommended that the feed room be heated to the same temperature as the storage room. 

5. Lighting 

Adequate lighting shall be provided for both the storage and feed rooms. Light switches 
shall be provided at all vision panels, including both sides of the vision panel between the two 
rooms to operate the lights in the opposite rooms. The lights shall automatically come on with 
the opening of the doors and remain on when the door closes. The lights can be tumed off at the 
exterior of the door in conjunction with the operation of the fan as discussed in a subsequent 
section on ventilation. All lighting fixtures shall be corrosion resistant. Fixtures in an ammonia 
room shall be explosion proof. Attachments E and F show the control logic for the lighting in 
both rooms. 
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6. L,eak detection 

Leak detection units shall be provided for both the storage and feed rooms with the 
control unit located outside of the chemical rooms and the sensor inside of the chemical rooms. 
The unit for the storage room shall be located at the vision panel, and the unit for the feed room 
shdl be located at the interior entrance door which is adjacent to that rooms’ vision panel. Each 
unit shall have its sensor located within the room at an appropriate location for the specific gas 
away from the exhaust fan or inlet louver. Multi point sensors are not recommended for 
reliability reasons. In addition to the units themselves, red indicating lights shall be iocated at 
each external storage room manway door to indicate the presence of a leak. For ton cylinder 
installations, a leak indicating light shall also be provided at the equipment door if the equipment 
door can be opened without first entering the storage room through the manway door. The 
capability to test these remote indicating lights shall also be provided. Provisions shall also be 
made to remotely alert the operator of a leak. The method of accomplishing this is dependent on 
the specific installation and could be an audible alarm, dialing system, SCADA input, or other 
appropriate means. Attachments E and F show the control logic for the leak detection system. 

7. Ventilation 

Separate ventilation systems are required for both the storage and the feed rooms. The 
purpose of the ventilation system is to continually provide a fresh supply of air through the room 
while it is occupied, and to have the ability to control gas discharge fiom the room in the event 
of a leak. Ventilation equipment for ammonia rooms shall be explosion proof. 

Exhaust fans shall be sized to provide one air change per minute, An associated intake 
louver shall be sized for an inlet velocity of 1 Wsec to prevent rain from being pulled into the 
louver. The louver shall have spring closure upon power failure. The fan and louver shall be 
located at opposite ends of each room to prevent short circuiting. Since chlorine and sulfur 
dioxide are heavier than air, suction for the exhaust fan shall be taken as close to the floor as 
possible with the louver located as high as possible in the room. The opposite is true for 
ammonia since it is lighter than air. The exhaust from the fan shall be directed away from areas 
where personnel may be present and away from the intake louver. If the configuration of the 
storage and feed rooms limits the options for chlorine or sulfur dioxide discharge, it may be 
advisable to run a duct to the floor and locate the exhaust fan on the roof to provide better 
dispqion of the exhausted gas in the event of a leak 

The fan and louver shall automatically energize with the opening of the manway door for 
that specific room. The ventilation system shall remain in operation even if the door closes. 
Upon exiting the room, the ventilation system can be shut off by a manual push button located at 
the exterior of the door which is also tied to the lighting for the room. The ventilation systems 
shall also be capable of being manually operated from each respective Vision panel (but not the 
vision panel between the two rooms) to allow for controlled discharge in the event of a leak, 
Additionally, if the exhaust fan is running and a leak is detected by the leak detection equipment, 
&e ventilation system should shut down. In order to override this shutdown to exhaust the gas 
in a controlled manner, an override switch in a locked box shall be provided. Only supervisory 
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personnel should be provided access to this override. Green indicating lights shall also be 
provided at each manway door and the vision panels to indicate that the ventilation system is in 
operation. Attachments E and F show the control logic for the ventilation system. 

8. Safety and maintenance appurtenances 

Several safety and maintenance related items are necessary for all compressed gas feed 
systems. Two self contained breathing apparati shall be provided at an accessible location 
outside of the storage and feed rooms but within the building away from the elements. A repair 
kit for the appropriate size cylinders shall also be provided and located near the storage room. 
EyewasWshower stations shall be provided just outside of each manway door, and exterior doors 
shall have fiost proof type stations. Safe ty  chains shall also be provided for all full and empty 
100 or 150-lb cylinders whether in use or not. Appropriate signage shall be provided at each 
door and vision panel to indicate the presence of a hazardous chemical. 

N. 

a. 
b. 

d. 
e. 

f. 

g. 

h. 

C. 

1. 

j- 
k. 
1. 

v. 

Recommended Standards for Water Works (Ten State Standards), 1992 
Chlorine Institute Manual, Edition 5, 1986 
Compressed Gas Association Manual G-2 for anhydrous ammonia, 7th Edition, 1984 
Compressed Gas Association Manual G-3 for sulfur dioxide, 4th Edition, 1988 
Opflow, April 1980, "Maximum Withdrawal Rates from Chlorine, Sulfur Dioxide, and 
Ammonia Cylinders", Robert J. Baker 
Fischer & Porter Technical Bulletin 70-9001 for handling chlorine, sulfur dioxide, and 
ammonia from supply to point of application, 1972 
Wallace & Tieman technical literature for Water and Wastewater Chemical Feed 
Equipment titled "Disinfection Equipment 1 'I and "Disinfection Equipment 2" 
NFPA 70, National Electric Code (ANSI approved), latest edition 
Chlorine Institute Pamphlet 9, "Chlorine Vaporizing Equipment", Edition 3, May 1987 
ASME codes for Unfired Pressure Vessels and Pressure Piping 
ASCWAWWA "Water Treatment Plant Design" manual, second edition 
Code of Federal Regulations, Title 29 - Labor, parts 1900-1910, Occupational Safety and 
Health Administration. 
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A. BACKGROUND 

Disinfection and dechlorination are commonly achieved at water treatment plants with 
the use of gaseous chemicals. For high feed rates, the use of gaseous chemicals typically results 
in a more cost effective system and simplifies operations and maintenance. While these 
chemicals are necessary to provide a safe potable water, improperly designed feed and storage 
facilities present the potential for injury to humans and damage or deterioration of plant 
facilities. Gaseous chemicals present a two fold liability to humans in that both excessive 
consumption of the chemical through the drinking water and inhalation or exposure in the event 
of a leak can result in serious consequences. 

B. SCOPE 

This Standard encompasses significant design considerations for compressed gas feed 
systems and storage facilities for three specific gaseous chemicals commonly used in water 
treatment. These chemicals are chlorine, ammonia, and sulfur dioxide. Chlorine gas is the most 
common of the three chemicals, and is utilized primarily for disinfection and oxidation. The use 
of ammonia for the formation of chloramines is becoming more prevalent for disinfection 
by-product control. Sulfur dioxide is the least common of the three chemicals and is used when 
dechlorination is necessary. The use of sulfur dioxide for dechlorination may become more 
popular in the future as disinfection/DBP regulations become more stringent. 

This Standard addresses the specific Components required for both the feed systems and 
the starage facilities, as well as addressing the properties of the specific chemicals and the basic 
theories and equations used in designing these facilities. The design of feed and storage 
facilities for all three chemicals is similar, and the specific differences for each are addressed 
within this Standard. Various industry standards and practices along with other published 
technical literature have been reviewed, consolidated, and incorporated into this Standard as 
necessary. Specific State requirements are not identified within this Standard. 

C. PURPOSE 

An engineering standard is necessary to ensure that compressed gas feed and storage 
facilities are properly designed. This Standard is meant to be used by engineers and other 
experienced personnel as a guide in the design and modification of these facilities. Sketches and 
schematics are provided only to illustrate the various recommendations and should not be 
construed as being precisely applicable for all installations. Selection of specific equipment, 
s i ~ g  of components, and hydraulic analyses are examples where technical expertise is required. 
Manufacturer’s recommendations and literature must also be consulted for all installations. 
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This Standard is written primarily to address the requirements for new facilities, 
however, guidance for incorporating these recommendations into existing facilities is also 
provided. The Standard is meant to provide sound technical information, and good judgment 
must be used in incorporating this Xormation into the design process, especially for existing 
facilities. It is important that the engineer recognize the purpose of the recommendations within 
this Standard, and maintain the intent of the specific recommendation as opposed to attempting 
to comply exactly with the details. The basis behind specific recommendations is incIuded 
throughout the text. 

CAL CONTENT 

A. COMPRESSED GAS PHYSICAL PROPERTIES 

Chlorine, ammonia, and sulfur dioxide are supplied by chemical manufacturers in a 
liquid state in various size steel cylinders. The combination of temperature and pressure causes 
the gas to liquefy, thus permitting significantly larger volumes to be stored and shipped. At a 
specific temperature, the gas and liquid exist in equilibrium with a resulting pressure that allows 
for withdrawal and feeding of the gaseous form of the chemical. Each compressed gas has 
distinctive physical and chemical properties, however the requirements for feeding and storage 
are similar. 

Exposure to chlorine, ammonia, or sulfur dioxide gases will cause irritation of the eyes, 
nose, throat, and Iungs. Each gas exhibits a sharp pungent odor which is readily detected by the 
human senses. Exposure to a sufficiently high concentration of any of the three gases can be 
fatal. However, complete recovery should occur following a mild exposure since none of the 
gases produces a cumulative physiological effect on the human body. 

1. Chlorine 

Chlorine is a chemical element belonging to the halogen group. Chlorine gas is 
approximately 2 1/2 times heavier than air, thus if it escapes from its cylinder it will seek the 
lowest level in the room in which the leak occurred. It has a characteristic odor and is greenish 
yellow in color. Both chlorine gas and chlorine liquid are non-explosive and non-flammable, 
however, it is an oxidizer and capable of supporting combustion of certain substances. Many 
organic chemicals react readily with chlorine, sometimes violently. When moisture is present, 
gaseous chlorine is strongly corrosive to metals. 

2. Ammonia 

Ammonia is a compound formed by the chemical combination of the elements nitrogen 
and hydrogen in the molar proportion of one part nitrogen to three parts hydrogen. It is 
commonly referred to as anhydrous ammonia. Ammonia gas weighs approximately 112 as much 

air, is colorless, and has a pungent odor. It is classified by the Ilnited States Department of 
Transportation as a non-flammable gas since it has a very narrow flammable range in air of only 
16%-25% by volume. However, the National Electric Code classifies ammonia as a Class I, 
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Goup D gas which may be an explosion hazard in a confined space. Therefore, all ammonia 
instaIlations must be designed with explosion proof electrical components if the specific 
components cannot be located outside of the room. Most common metals are not effected by dry 
ammonia, however, when water or water vapor is present, ammonia will attack copper and Zinc 
or alloys containing major proportions of these metals. Mixtures of hydrogen and chlorine gas 
can react violently, therefore ammonia and chlorine must be kept isolated from each other. 

3. Sulfur dioxide 

Sulfur dioxide is a compound formed by the combination of the elements s u l k  and 
oxygen. On a weight basis, the proportion of the elements is about one part sulfur to one part 
oxygen. S u l k  dioxide gas is more than twice as heavy as air, but slightly less dense than 
chlorine gas. It is a colorless gas with a characteristic pungent odor. Sulfur dioxide is not 
flammable nor explosive in either the gaseous or liquid state. Dry s u l h  dioxide is not corrosive 
to most metals, however, in the presence of even small amounts of water, it is corrosive to most 
metals. 

4. Table of properties 

Properties of importance of the three compressed gases described above are as follows: 

Molecular weight 
Specific gravity (air = 1.0) 
Freezing point 
Boiling point- 
Vapor pressure @ 7W F 
Critical temperature 
Critical pressure 
L,atent heat of vaporization 
Dangerous air concentration 

Chlorine (Cl,) 

70.906 
2.49 

-1SP F 
-29" F 
86 psi 
291" F 

1 157 psia 
124 BTUAh 
40-60 ppm 

17.03 1 
0.60 

-1080 F 
-280 F 

114 psi 
2700 F 

1636 psia 
588 RTlJAb 

2000-3000 ppm 

Sulfur Dioxide (SOz) 

64.06 
2.26 

+14" F 
34 psi 
3150 F 

1 143 psia 
156 BTUllb 

400-500 ppm 

-105" F 

The freezing and boiling points are defined as the respective temperatures at which the 
liquid state of the gas either solidifies or vaporizes at atmospheric pressure. Vapor pressure is 
the absolute pressure of the gas above the liquid in a closed system at a given temperature when 
they are in equilibrium. Critical temperature is the temperature above which the chemical can 
exist only as a gas no matter how great the pressure, and critical pressure is the resulting pressure 
at the critical temperature. The latent heat of vaporization is defined as the amount of heat 
required to evaporate a unit weight of the liquid state of the chemical. The dangerous air 
concentrations are those approximate concentrations at which continuous exposure of at least 30 
minutes could be fatal. All af these properties are important in the design of the feed and 
storage facilities as discussed in subsequent sections. 
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B. COMPRESSED GAS FEED CALClTLATIClNS 

Sustained gas withdrawal rates from chlorine, ammonia, or sulfbr dioxide cylinders are 
dependent on several factors including the specific gas, the ambient temperature where the 
cylinders are located, the operating requirements of the gas dispenser system, and the size of the 
cylinder. The air circulation rate, the humidity in the storage room, and the amount of liquid 
remaining in the cylinder also effects the withdrawal rate, however, the effect is small in 
comparison with the other factors and can be neglected in the final withdrawal calculations. 

As gas is withdrawn from a cylinder, a specific amount of heat (latent heat of 
vaponzatian) is needed to evaporate the liquid. I f  adequate heat is not available in the ah 
surrounding the cylinder, the heat will be taken from the liquid resulting in a temperature drop as 
evidenced by a cooling of the cylinder. This temperature drop results in lower pressures within 
the cylinder which in turn gradually diminishes the rate of gas flow from the cylinder. If the 
humidity is high and moisture is present in the air, frost will form on the cylinder which will act 
to insulate the cylinder and further reduce the amount of heat that can be taken from the 
surrounding air. Circulating the air around the cylinder can improve this condition. 
Additionally, as the liquid in the cylinder is depleted, the area of the cylinder in contact with the 
liquid is lessened which reduces the transfer of heat to the liquid which also reduces the 
withdrawal from the cylinder. 

Each specific gas dispenser system requires a minimum amount of pressure to operate 
properIy. Most vacuum operated gas dispenser systems require approximately 12-14 psi at the 
vacuum reguiator for proper operation which must always be verified with the manufacturer. 
The temperature at which this minimum required pressure is reached is referred to as the 
threshold temperature. The threshold temperature for a specific chlorinator can easily be found 
from a vapor pressure curve for the specific gas if the required pressure for the vacuum regulator 
to operate properly is known. Vapor pressure curves for the three gasses addressed in this 
standard can be found in Attachment A. A partial tabular form of the graph in Attachment A is 
presented below. 

0 
10 
20 
30 
40 
50 
60 
70 

Chlorine 
14 
21 
28 
37 
47 
59 
71 
86 

Ammonia 
16 
24 
34 
45 
59 
75 
93 
114 

- 
2 
7 
12 
18 
26 
34 

It can be seen that the vapor pressure increases as the temperature increases. As previously 
shown, the pressures can exceed 1000 psi far any of the three gasses as the critical temperature is 
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approached. 

The size of the cylinder also effects the withdrawal rate since a larger cylinder has more 
surface area to transfer the heat from the surrounding air to the liquid. The combination of the 
size of the cylinder and the latent heat of vaporization for the specific gas allows for the use of a 
withdrawal factor to simplify the wjthdrawal rate calculations. Withdrawal factors for each of 
the specific gases and types of cylinders are as follows: 

150-lb cylinder 
I-ton container 

100-lb cylinder 
150-lb cylinder 
800-lb container 

150-lb cylinder 
1 -ton container 

Ammonia 

Sulfur Dioxide 

FACTOR 

1 .o 
8.0 

0.3 
0.4 
3.2 

0.75 
6.0 

Therefore, the withdrawal factors for different gases having cylinders of the same 
geometric proportions are approximately proportional to the ratio of latent heat of vaporization 
values. For example, chlorine and sulfur dioxide 150-lb cylinders are approximately identical in 
size and shape, therefore, their withdrawal factors differ by the ratio of their respective latent 
heat of vaporization values. Note that this is not the case for a 150-Ib ammonia cylinder since 
the density of ammonia is significantly less than that of chlorine or sulfur dioxide, and therefore 
a much larger cylinder is needed to contain 150 Ibs of ammonia. The dimensions of the larger 
cylinder allow for more heat transfer to the liquid which results in a withdrawal factor that is 
higher than the ratio of latent heat of vaporization values. 

Considering all of the above, the following calculation can be used to determine the 
maximum withdrawal rate from a cylinder, or the required room temperature to feed at a given 
rate: 

[(Room temp, F - Threshold temp, F) x Withdrawal factor] = Maximum withdrawal rate (Ibdday) 

For example, if chlorine was being fed from 150-lb cylinders with a typical vacuum operated gas 
dispenser system which required a gas pressure of 14 psi, and the room was heated to 70 F, &e 
maximum withdrawal rate fiom a single cylinder would be: [(70 - 0) x 1.01 = 70 Ibdday. This 
confirms the general d e  of thumb for feeding chlorine from 150-lb cylinders of 1 lb/day for 
each degree F the storage room is heated to. However, this rule of thumb does not hold true for 
other gases and various size cylinders since both the threshold temperature and withdrawal 
factors will be different. If the total feed requirements for a particular installation cannot be 
achieved with a single cylinder at a practical room temperature, other means must be taken such 
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as manifolding multiple cylinders or providing a vaporizer. If manifolding of cylinders is 
pursued, care must be taken to ensure that all the cylinders are at the same temperature and 
pressure. Additional information regarding vaporizers is addressed in a subsequent section. 
IJnder no circumstances shall direct heat be applied to the cylinders in an attempt to increase the 
withdrawal rate. 

C. COMPRESSED GAS FEED SYSTEM COMPONENTS 

Compressed gas feed systems can be one of two types; either vacuum operated or direct 
feed. In a vacuum operated system, gas flow to the point of application is induced by a vacuum 
created fiom an external source. The pressurized gas exiting the cylinder is reduced to less than 
atmospheric pressure by means of a pressure reducing valve referred to as a vacuum regulator. 
In a direct feed system, gas flow is generated directly from the pressure in the cylinder. Vacuum. 
aperated systems are recommended for all installations due to the potential hazards associated 
with breaks in the piping between the cylinders and the point of application in a direct feed 
system. Additionally, vacuum operated systems safeguard against reliquification of the gas 
within the piping system as discussed in more detail below. 

The following system components are required for the proper operation of a vacuum 
operated compressed gas feed system. This standard does not address direct feed systems. A 
schematic of a typical compressed gas feed system is also provided in Attachment €3. 

1. Scales 

Systems utilizing storage in cylinders 1 ton and smaller shall provide appropriate means 
of measuring the chemical usage in the form a dual cylinder scale. Scales for 150-lb and smaller 
cylinders shall be of the type that cylinders can be easily rolled on and off, thereby preventing 
the need to locate the scale in a recessed pit. Restraint chains to keep the cylinders fiom tipping 
shall also be provided with the scale. Scales for cylinders one ton and larger shall be load cell 
type. They shall be bolted to the floor and provided with trunnions to aIlow for easy positioning 
of the container valves. It should be noted that 150-lb and 100-lb ammonia cylinders have 
diameters larger than a 150-lb chlorine cylinder, and typical 150-lb chlorine cylinder scales 
cannot accept cyIinders of larger diameter. For manifolded cylinders, it is only necessary to 
provide a scale for one pair of cylinders since the withdrawal from each individual cylinder will 
be the same provided ail the cylinders are exposed to the same ambient air temperature. 

At a minimum, two sets of dual scales shall be provided to separately inventory all pre 
and all post chemical usage. Depending on the number of points of application and the usage at 
each of these points, it may also be advisable to provide additional inventory. This could be 
accomplished either with a dedicated dual scale or an individual gas flow meter located at the 
gas dispenser for each individual point of application. 

2. Vaporizer 

When it is not practical to manifold cylinders together to achieve the required gas 
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withdrawal rates, a vaporizer (evaporator) shall be provided. The vaporizer receives the liquid 
chemical from the cylinder, supplies the necessary heat to vaporize the liquid into the gaseous 
state at a rate sufficient to meet the desired feed rate, and discharges the gas to the gas 
dispensers. Vaporizers are usually water-jacketed or steam heated. Special precautions must be 
taken when providing vaporizers, and manufacturer's recommendations, Chlorine Institute 
Pamphlet 9, and ASME codes must be consulted. 

3. Vacuum regulator/automatic switchover device 

A vacuum regulator is a spring-loaded pressure reducing valve which reduces the gas 
pressure in the storage cylinders to a constantly regulated vacuum, usually about 20" of water 
column. Each weighed cylinder or set of manifolded cylinders requires a vacuum regulator. 
The vacuum regulator should be installed as close as possible to the cylinder to minimize the 
length of pressurized gas piping, and must never be located outside of the cylinder storage room. 
For manifolded cylinders, a single vacuum regulator can be mounted on a manifold for each set 
of weighed cylinders unless local regulations require the vacuum regulator to be mounted 
directly on the cylinders. Vacuum regulators mounted on manifolds shall be located at an 
elevation higher than the storage cylinders to allow liquid which may form in the piping to flow 
back to the cylinder.. A spare, non-installed vacuum regulator shall be provided for each 
capacity required for the system. The vacuum regulator shall be sized for a feed rate based on 
maximum expected flow rate and dosage. 

Automatic switchover capabilities are required for all pairs of cylinders or pairs of 
manifolded cylinders to provide uninterrupted operation of the chemical application. A pair of 
combination vacuum regulatodautomatic switchover devices is recommended for this purpose. 
The valve on standby is held closed by a detent-type lockout. When the on-line supply is 
exhausted, the system vacuum rises to a higher than normal level which overcomes the latching 
force of the detent in the stand-by vacuum regulator causing both cylinders to be on-line which 
ensures complete emptying of the first cylinder. A separate automatic switchover device in 
combination with standard vacuum regulators is also acceptable, however, such units which 
require power to operate the automatic switchover device are not recommended. 

4. Pressurized gas piping and appurtenances 

Flexible pipe runs are recommended for all piping between the cylinders and the vacuum 
regulators if the vacuum regulator is  not mounted directly OD the cylinder. Sof't seamless copper 
tubing is required for chlorine and sulfur dioxide service. Rubber hose with external metallic 
m o r  is required for ammonia service. Should it become necessary to use permanent rigid 
pressurized piping between the cylinders and the vacuum regulators, only schedule 80 high 
temperature seamless carbon steel piping shall be used. Permanent rigid piping shall be color 
coded in accordance with Ten State Standards or individual State color coding schemes. Shut 
off valves, if required, shall be ball type with forged carbon steel bodies. 

A pressure gauge with petcock shall also be installed in the piping immediately upstream 
ofthe vacuum regulator to monitor the pressure in the cylinders. The gauge shall be rated for 
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twice the expected operating pressure of the cylinder. The gauge shall be a diaphragm type, and 
the diaphragm materials of construction will vary for the specific gas. Tantalum is required for 
chlorine and sulfur dioxide, and stainless steel is required for ammonia. Silver is also a suitable 
diaphragm material for cNorine service. 

Pressurized gas could reliquifi within the piping if the temperature in the storage room 
were to drop below its normal operating temperature. Typical vacuum operated equipment is 
designed for gas service ody  and could become damaged if it comes in contact with the liquid 
form of the chemical. Therefore, all pressurized piping should slope towards the cylinder to 
allow any liquid which may form to flow back to the cylinder. If the piping cannot slope 
towards the cylinder, a trap (drip leg} is required just upstream of the vacuum regulator and 
pressure gauge. A drip leg is also required just upstream of the vacuum regulator and pressure 
gauge for all ton cylinder installations to collect the liquid that comes fiom the ton cylinder's gas 
eduction tube when initially opened. The trap shall be 1 -inch in diameter, 18 inches long, and 
permanently capped at the end. Whenever a trap is used, a strainer should also be installed 
immediately upstream of the trap to remove entrained solids such as pipe scale. The strainer 
shall be a basket type of all steel construction. 

5. Gas dispensers 

Vacuum operated gas dispensers are required for each point of application, and shall be 
located in a separate room fiom the storage cylinders. The gas dispensers shall be sized to 
provide a feed rate based on maximum expected flow and dosage. A secondary gas dispenser is 
required for a specific point of application when the minimum expected feed rate falls within the 
bottom 10% of the primary unit's turndown ratio, Additionally, at least one spare gas dispenser 
with the capability of meeting the feed range requirements described above shall be provided in 
place and piped for use to all points of application. Each gas dispenser shall have isolation 
valves installed both upstream and downstream. 

All gas dispensers shall be provided with vent lines. The vent line should slope on a 
continuous down gradient for chlorine and sulfur dioxide and a continuous upward gradient for 
ammonia to the exterior of the building to an area where gas fumes cannot cause injury to 
personnel. The vent lines shall terminate with a turned down plastic screen. If vent lines are 
manifolded from several gas dispensers, the flow area of the manifold shall be at least equal to 
the summation of the flow area of the individual gas dispenser vent lines. Each vent line shall 
have an individual shutoff valve if it is manifolded to a common header. 

Gas dispensers can operate either manually, by flow proportional control, or by 
compound loop control. Flow proportional control is recommended when the process flow rate 
is not relatively constant. Compound loop control is recommended when both the process flow 
and influent residual are not relatively constant. Direct residual control is not recommended 
since the response time to varying conditions is slow. Controllers can be mounted either 
integral with the gas dispenser or remotely. 
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6.  Vacuum piping and valves 

Hard piped schedule 80 PVC piping or flexible plastic tubing shall be used for vacuum or 
solution piping downstream of the vacuum regulators. Manufacturer's literature must be 
consulted to determine the sizing and maximum line lengths for the specific chemical and feed 
rates for vacuum piping. The piping can have flanged, threaded, or solvent welded connections, 
and particular attention shall be taken to prevent air leaks. Vent lines from the gas dispensers 
shaIl also be constructed of schedule 80 PVC pipe or flexible plastic tubing. Valves in vacuum 
lines shall be ball type with PVC materials of construction. Vacuum, solution, and vent piping 
shall also be color coded and distinguishable from the pressurized gas piping. 

A vaciium gauge shall be installed just downstream of the vacuum regulator to verify 
proper operation of the vacuum regulator. A typical vacuum regulator operates at approximately 
20-inches of vacuum water column, and the gauge shall be a compound diaphragm type with 
20-inches of vacuum as the approximate mid point in the range. The same materials of 
construction as recommended for the pressure gauge diaphragm apply to the vacuum gauge also. 
Since the gas in the piping downstream of the regulator is under a vacuum, the temperature drop 
required to convert this gas to a liquid is significant, and therefore traps are not required in 
vacuum piping. 

7. Fixed throat injectors 

A fixed throat injector (eductor) with integral check valve, and an operating water supply 
are needed for each point of application to induce the vacuum required to operate the system. 
The injector also serves to thoroughly mix the incoming flow of gas with the operating water. 
Backup non-installed injectors should also be provided for each size injector in the system. The 
injector shall be sized for the maximum anticipated feed rate. Chemical feed equipment 
manufacturers should be consulted for specific operating conditions for the eductors they supply 
for the specific chemical being used. 

The injector should be located directly at the point of application unless site conditions 
prevent easy access to the point of application for maintenance of the injector. Locating the 
injector at the point of application provides for transport of gas under vacuum, therefore, if leaks 
would occur in the vacuum line during operation, the gas would not escape. Specific 
information regarding the water supply to operate the injector is provided below. 

8. Water supply line, booster pumps, and appurtenances 

The water supply line to operate the injector shall include a strainer and either a manual 
or solenoid valve which is the primary control for operating the system. When the available 
water supply is not adequate for the requirements of the injector, a booster pump and necessary 
appurtenances shall be provided. A complete backup on-line booster pump system shall also be 
provided. Booster pumps can be either centrifugal or turbine type depending on the operating 
requirements and local preference. The booster pumps shall be located outside of the rooms 
housing any of the other feed system components. 
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A pressure regulating valve shall be provided on the water supply line to provide a 
constant pressure to operate the injector. If a booster pump is provided, the pressure regulating 
valve shall be located downstream of the pump so as not to effect the pump's operation. The 
booster pumps shall be provided with suction and discharge shutoff valves and pressure gauges, 
a suction strainer with blowoff, and a discharge check valve, all typically recommended for 
water service. For turbine pumps, a needle by-pass valve shall also be provided on the pump 
discharge to allow for relief back to the suction line in order to adjust the operating point of the 
pump. A pressure relief valve shall also be provided on the turbine pump discharge and piped to 
the pump suction to prevent damage to the system components due to excessive pressures. 
Although the discharge head generated by a centrifugal pump can be no higher than its suction 
head plus its cutoff head, a turbine pump will continue to generate head if its discharge line is 
closed. A typical turbine booster pump schematic is provided in Attachment C. 

It should be noted that ammonia feed systems require softened water for the injector 
operating water. If softened water is not used, frequent maintenance will be required for the 
injector due to the calcium carbonate deposition resulting from the softening reaction caused by 
the ammonia addition. Typical injector operating water flow rates are low enough that 
commercially available softening units are economical to use. The softening unit should be a 
dual type such that uninterrupted service is provided. The softening unit as well as all of the 
water supply components must be located outside of the storage and feed rooms. 

9. Diffusers 

It is necessary to properly distribute the chemical solution at the point of application. 
Chemical compatibility must be considered when choosing the location and order of the points 
of application. For pipeline installations with solution lines I-inch and less, a removable type 
assembly is required consisting of a diffuser pipe and corporation cock. The diffuser pipe 
should extend into the process pipe approximately 25-50 % for proper dispersion. For larger 
process pipe sizes where quick dispersion of the chemical is required, a fixed main installation is 
required consisting of a perforated diffiser pipe extending the entire diameter of the process 
Pipe. 

For open tank distribution, a perforated diffuser pipe or spray nozzle is recommended, 
Either device needs to be adequately supported in the open vessel, and located at an elevation 
where it is submerged at all times under all operating conditions. Flexible piping shall be used 
near the diffuser to facilitate maintenance or removal. Manufacturer's literature should be 
consulted for the specific installation for either open tank or pipeline installations. 

10. Analytical equipment 

A continuous recording chlorine residual analyzer is required at the entrance to the 
distribution system for all facilities where chlorine is used for disinfection. The analyzer shall 
be equipped with both low and high residual alarms. Adequate facilities must be present at the 
site to carry the waste fiom the analyzer. 
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COMPRESSED GAS STORAGE AND FEED ROOM ELEMENTS 

The facilities required to house the compressed gas feed equipment are extremely 
important in terms of operator safety and providing adequate containment in the event of a gaS 
leak. Ln general, individual storage and feed rooms are recommended for all installations. The 
storage room should contain all elements of the feed system which are under pressure and sized 
for a minimum 30 day supply. It  is preferred that empty cylinders not be stored outside of the 
storage room, however, if space prevents this, the empty cylinders must be protected from direct 
sunlight. Under no circumstances shall full or partially full cylinders be stored outside of the 
storage room. 

All components of the gas system downstream of the vacuum regulator and upstream of 
the injector should be located in the feed room. The feed rooms shall be sized to house all of the 
recommended components and provide adequate clearance for the gas dispensers per the 
manufacturer's recommendations. Providing separate storage and feed rooms minimizes the 
need for an operator to be exposed to the potential dangers associated with pressurized gas. 
However, it is sometimes not practical to construct a separate feed room (e.g. well station). Ln 
these instances, it is acceptable to locate the feed room Components within the process room (e.g. 
pump room) provided that room meets the requirements of the feed room in terms of leak 
detection and ventilation as discussed below. Attachment D is provided for guidance. 

1. Room materials of construction 

Standard building materials af construction including brick, block, concrete, wood, and, 
drywall are adequate for both the storage room and the feed room provided that they result in a 
totally sealed room. Since all of the chemicals are corrosive if moisture is present, no bare metal 
should be exposed within the room. Any metal that is exposed within the room must be painted 
or adequately coated. There is no need to paint or coat either the walls or the floor of the room. 
Roof joists or beams should be isolated with drywall or other nonmetallic materials to provide 
an airtight seal. Should any water supply piping need to pass through either room, the materials 
of construction should be PVC as opposed to copper or any other type of metal. No floor drains 
shall be provided in either room, however, Consideration should be given to installing a sump 
and piping at the time the room is constructed if there may be a need in the future to install a 
scrubber. 

2. Access doors and cylinder handling 

Separate manway doors shall be provided for both the storage room and the feed rooms. 
The storage room shall have access only fiom the exterior of the building. The feed room access 
can be Erom either an interior or exterior building location, however, local regulations may 
require only exterior access for this room also. Under no circumstances shall a door be provided 
between the two rooms. For large rooms, consideration should be ghen to providing more than 
One manway door when quick and easy exit by an operator may not be possible with a single 
door. Manway doors shall open outward and be equipped with panic hardware. All extenor 
doors shall be capable of being locked for security reasons. All doors shall be provided wjth 
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weather strips to prevent water from entering the room or gas from escaping the room. A light 
shall be installed above ail exterior doors for security and safety reasons. 

The manway doors for storage rooms utilizing 150-lb and smaller cylinders shall be large 
enough to permit easy handling of the cylinders through this door. For ton cylinder installations, 
an equipment door to facilitate the monorail shall be provided in the storage room in addition to 
the manway door. If possible, the monorail shall be designed with a hinge such that it can 
folded back into the room when not in use as opposed to permanently extending it through the 
door, thus alleviating a potential source for gas to escape. 

3. Vision panels and windows 

Vision panels are required for both the storage room and feed rooms. The vision panels 
for both rooms must be located only at an interior building location. The glass panels must meet 
the ROCA code fwe rating requirements. Additionally, a vision panel shall be provided between 
the two rooms. All vision panels should be a minimum of 3' x 3' and oriented such that a full 
view of the room is possible, especially being able to see the scale readouts and gas dispenser 
rotameters. The vision panel in the feed room should be located adjacent to the manway door, 
and could be located in the door if a full view of the room is still obtainable. Under no 
circumstances shall external windows be provided in either room as the heat generated from 
sunlight could create excessive pressure in the cylinders or piping. 

4. Heating 

Individual heating units are required for both the storage and the feed rooms. Only 
electric or hot water heat shall be permitted, Electric heating units in an ammonia room shall be 
explosion proof. The heaters shall be controlled by individual thermostats located in each room. 
The storage room shall be heated to 70 F and the feed rate calculations shall be based on this 
temperature. It is always necessary to perform heat leak calculations for the storage room to 
properly size the heater. The temperature in the feed room is not as critical since the gas 
pressure is low and the potential for reliquification is minimized with a vacuum operated system 
It is recommended that the feed room be heated to the same temperature as the storage room. 

5. Lighting 

Adequate lighting shall be provided for both the storage and feed rooms. Light switches 
shall be provided at all vision panels, including both sides of the vision panel between the two 
rooms to operate the lights in the opposite rooms. The lights shall automatically come on with 
the opening of the doors and remain on when the door closes. The lights can be turned off at the 
exterior of the door in conjunction with the operation of the fan as discussed in a subsequent 
section on ventilation. All lighting furtures shall be corrosion resistant. Fixtures in an ammonia 
room shall be explosion proof. Attachments E and F show the control logic for the lighting in 
both rooms. 
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6 .  Leak detection 

Leak detection units shall be provided for both the storage and feed rooms with the 
control unit located outside of the chemical rooms and the sensor inside of the chemical rooms. 
The unit for the storage room shall be located at the vision panel, and the unit for the feed room 
shall be located at the interior entrance door which is adjacent to that rooms' vision panel. Each 
unit shall have its sensor located within the room at an appropriate location for the specific gaS 
away from the exhaust fan or inlet louver. Multi point sensors are not recommended for 
reliability reasons. In addition to the units themselves, red indicating lights shall be located at 
each external storage room manway door to indicate the presence of a leak. For ton cylinder 
installations, a leak indicating light shall also be provided at the equipment door if the equipment 
door can be opened without first entering the storage room through the manway door. The 
capability to test these remote indicating lights shall also be provided. Provisions shall also be 
made to remotely alert the operator of a leak. The method of accomplishing this is dependent on 
the specific installation and could be an audible alarm, dialing system, SCADA input, or other 
appropriate means. Attachments E and F show the control logic for the leak detection system. 

7. Ventilation 

Separate ventilation systems are required for both the storage and the feed rooms. The 
purpose of the ventilation system is to continually provide a fresh supply of air through the room 
while it is occupied, and to have the ability to control gas discharge from the room in the event 
of a leak. Ventilation equipment for ammonia rooms shall be explosion proof. 

Exhaust fans shall be sized to provide one air change per minute. An associated intake 
louver shall be sized for an inlet velocity of 1 Wsec to prevent rain fiom being pulled into the 
louver. The louver shall have spring closure upon power failure. The fan and louver shall be 
located at opposite ends of each room to prevent short circuiting. Since chlorine and s u l k  
dioxide are heavier than air, suction for the exhaust fan shalt be taken as close to the floor as 
possible with the louver located as high as possible in the room. The opposite is true for 
ammonia since it is lighter than air. The exhaust from the fan shall be directed away from areas 
where personnel may be present and away from the intake louver. If the configuration of the 
storage and feed rooms limits the options for chlorine or sulfur dioxide discharge, it may be 
advisable to run a duct to the floor and locate the exhaust fan on the roof to provide better 
dispersion of the exhausted gas in the event of a leak. 

The fan and louver shall automatically energize with the opening of the manway door for 
that specific room. The ventilation system shall remain in operation even if the door closes. 
Upon exiting the room, the ventilation system can be shut off by a manual push button located at 
the exterior of the door which is also tied to the lighting for the room. The ventilation systems 
shall also be capable of being manually operated from each respective vision panel (but not the 
vision panel between the two rooms) to allow for controlled discharge in the event of a leak. 
Additionally, if the exhaust fan is m m h g  and a leak is detected by the leak detection equipment, 
the ventilation system should shut down. In order to ovemde this shutdown to exhaust the gas 
in a controlled manner, an override switch in a locked box shall be provided. Only supervisory 
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personnel should be provided access to this ovemde. Green indicating lights shall also be 
provided at each manway door and the vision panels to indicate that the ventilation system is in 
operation. Attachments E and F show the control logic for the ventilation system. 

8. Safety and maintenance appurtenances 

Several safety and maintenance related items are necessary for all compressed gas feed 
systems. Two self contained breathing apparati shall be provided at an accessible location 
outside of the storage and feed rooms but within the building away fiom the elements, A repah 
kit for the appropriate size cylinders shall also be provided and located near the storage room. 
EyewasWshower stations shall be provided just outside of each manway door, and exterior doors 
shall have frost proof type stations. Safety chains shall also be provided for all full and empty 
100 or 150-Ib cylinders whether in use or not. Appropriate signage shall be provided at each 
door and vision panel to indicate the presence of a hazardous chemical. 

w. 
a. 
b. 

d. 
e. 

f. 

g. 

h. 

C. 

1. 

j. 
k. 
1. 

V. 

Recommended Standards for Water Works (Ten State Standards), 1992 
Chlorine Instjtute Manual, Edition 5, 1986 
Compressed Gas Association Manual G-2 for anhydrous ammonia, 7th Edition, 1984 
Compressed Gas Association Manual G-3 for sulfur dioxide, 4th Edition, 1988 
Opflow, April 1980, "Maximum Withdrawal Rates from Chlorine, Sulfur Dioxide, and 
Ammonia Cylinders", Robert J. Baker 
Fischer & Porter Technical Bulletin 70-9001 for handling chlorine, sulfur dioxide, and 
ammonia fiom supply to point of application, 1972 
Wallace & Tiernan technical literature for Water and Wastewater Chemical Feed 
Equipment titled "Disinfection Equipment 1 and "Disinfection Equipment 2" 
NFPA 70, National Electric Code (ANSI approved), latest edition 
Chlorine Institute Pamphlet 9, "Chlorine Vaporizjng Equipment", Edition 3, May 1987 
ASME codes for Unfiied Pressure Vessels and Pressure Piping 
ASCE/AWWA "Water Treatment Plant Design" manual, second edition 
Code of Federal Regulations, Title 29 - Labor, parts 1900-1910, Occupational Safety and 
Health Administration. 

S (on f0Plowing pages) 
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GENERIC CONTROL LOGIC 

A. PUMPING OPERATIONS 

Local Mode of Operation 
a. 

b. 

Individual pumps are put in local mode at the pump location with no control 
capabilities from the operator workstation. 
Monitoring of all pump operations shaIl continue to be available at the operator 
workstation. Clear indication of the pimp status (local or remote mode) shall be 
provided at the operator workstation. A field shall also be provided on the 
dispIay for an operator to provide the reason why an individual pump has been 
put in local mode. 

Remote Manual Mode of Operation 
a. Individual pumps are put in remote mode at the pump location, and the selection 

of remote manual (vs. remote automatic) mode is made at the operator 
workstation. 
Once in remote manual mode, the operator has the capability to turn individual 
pumps on and off and control their speed fiom the workstation. 
The allowable range of operation of the pump (in percentage of motor speed) 
shall be displayed on screen next to the field where the operator can change the 
speed, along with the actual speed of the pump. The range of operation shall be 
as €allows: 
e The upper range of each pump will always be 100% of speed and limited 

from pump run out by the system head conditions. 
The lower operating limit of each pump and its corresponding speed shall be 
specified by the engineer to prevent the pump from reaching a point on its 
c w e  where it will operate unstably or inefficiently as specified by the pump 
manufacturer. 

Once a pump is started by the operator, it shall automatically ramp up to the 
speed which has been set. The change in system flow rate caused by the 
operation the pump shall be monitored by way of the input signal fiom the 
common meter. 
Controlling the speed of the pump in terms of fl ow capacity (gpm or MGD) is not 
recommended since a centrifiigal pump output at a particular speed will vary 
depending on the number of other pumps in operation. 

b. 

c. 

e 

cL 

e. 

B. LIQUID CHEMICAL FEED SYSTEMS 

Assumed Typical Scenario 
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a. 

b. 
C. 

d. 

e. 

The chemical feed system is a bulk liquid system with a single bulk tank, single 
day tank, and redundant transfer pumps. 
The system includes multiple metering pumps, some but not all of equal capacity. 
The metering pumps have remote speed adjustment capabilities, manual stroke 
settings, and manual pulley settings. 
The metering pumps are piped to multiple points of application. Changes in the 
points of application are made by manual valve changes. 
An analyzer is present to allow for compound Ioop operation. 

Local Mode of Operation 
a. 

b. 

Individual metering pumps are put in local mode at the metering pump location 
with no control capabilities from the operator workstation. 
Monitoring of all metering pump operations shall continue to be available at the 
operator workstation. Clear indication of the metering pump status (local or 
remote mode) shall be provided at the operator workstation. A field shall also be 
provided on the display for an operator to provide the reason why an individual 
metering pump has been put in local mode. 

a. Individual metering pumps are put in remote mode at the pump location, and the 
selection of remote manual (vs. remote automatic) mode is made at the operator 
workstation. 
Once in remote manual mode, the operator has the capability to turn individual 
metering pumps OR and off and control their output (in u n i t s  of gallons per hour, 
gph) by varying the speed of the metering pump from the workstation. 
It is first necessary to define the operating capabilities of each metering pump 
based on their manual stroke and pulley settings. As the speed of the metering 
pump is varied, the output will be unique for a specific pulley setting and a 
specific stroke setting. This matrix of metering pump output capabilities needs to 
be l l l y  defined on a limited access supervisory screen with the ability to update 
the information each time a metering pump is calibrated. The low end of the 
allowable speed shall consider the manufacturer’s recommendations for metering 
pump turndown to ensure that the metering pump is still able to operate 
accurately at the minimum specified speed. 
The specific pulley and stroke settings that each meterhg pump is manually set to 
must then be entered by the operator on the display from which the metering 
pumps are controlled. The control logic will then determine the output range (in 
gph) for each metering pump based on variations in speed, and &splay this 
information on screen such that the limits of operation for that specific metering 
pump are clear to the operator. The operator can then set the desired output of 
the pump (in gph). The actual speed of each metering pump shall be indicated on 
the display. 
Controlling the output of the pump in terms of percentage is not recommended 
since metering pumps are not metered and a calculation would be required to 
determine the specific output in gph. 

b. 

c. 

d. 

e. 
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Remote Automatic Mode of Operation 
a. 

b. 

C. 

a. 

e. 

f. 

g- 

Individual metering pumps are put in remote mode at the pump location, and the 
selection of remote automatic (vs. remote manual) mode is made at the operator 
workstation. Once in remote automatic mode, the operator must then select either 
“flow paced” remote automatic operation or “compound loop” remote automatic 
operation. The system then takes complete control of each metering pump that is 
in either of these two remote automatic modes. 
It is first necessary to define the properties for each chemical on a limited access 
supervisory screen with the capability to update the information each time a 
shipment of the chemical is received. The necessary properties are “product 
density” in Ibs/gal for all liquid chemicals, and product concentration (%) for 
those chemicals which are diluted in bulk either prior to or after the shipment is 
received. 
In either flow paced or compound loop mode, it is then necessary for the operator 
to enter a desired dosage in mg/L. The specific chemical equations would then be 
as follows for a flow paced mode of operation for either a dry weight dosage 
entry (e.g. 48% alum), or a product dosage entry (e.g. polymers) respectively: 

[dry weight dosage (mg/L) x 8.34 x flow rate (MGD)] / Lproduct density 
(lbdgal)] / lproduct concentration (%) / IOO] / 124 hrs/day] = gallons per hour 

[product dosage ( m a , )  x 8.34 x flow rate (MGD)] / [product density 
(lbdgal)] / [24 hrdday] = gallons per hour (gpb) 

The specific “flow rate” to use in the equations is dependent on the point of 
application and could be a raw water, finished water, backwash water, or other 
rate of flow as specified by the engineer. 
If the metering pump is in compound loop mode, the calculated dosages above 
would be adjusted (trimmed) as necessary based on the feedback from the 
respective analyzer (Le. SCD, etc.). A operator adjustable field shall be provided 
on the display to allow for a feedback set point for each specific analyzer. This 
shall be displayed next to the actual reading fiom the specific analyzer. 
When a point of application change is manually made and entered on the display, 
the system shall automatically determine which flow rate to use for flow pacing, 
and which analytical instrument to use for trimming (if applicable). It is the 
engineer’s responsibility to provide this information to the systems integrator via 
the specifications. 
Based on the previously entered information for each metering pump (pulley and 
stroke settings) the system shall select the appropriate metering pump or 
combination of metering pumps from those which are in remote automatic mode 
which can accommodate the calculated feed rate. 
The operator shall have the ability to prioritize the selection of metering pumps 
such that the system will select the higher prioritized metering pump if more than 
one metering pump meets the required criteria. The metering pumps shall be 
prioritized 1, 2, 3, etc. regardless of capacity. If the system cannot find a single 
metering pump to meet the output requirements, it shall select more than one 

(@h) 
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C. 

metering pump as necessary based on the prioritization. It should be noted that 
metering pumps will output a specific volume of the Iiquid chemical independent 
of head conditions or number of metering pumps in operation. Thus, the totaJ 
output from more than one metering pumps is simply the summation of the output 
from each individual metering pump. 

Common Control Features for MI Modes of Operation 
a. The controI of the transfer pumps is a local operation only with no remote 

capabilities. Monitoring of the status of the transfer pumps bump energized) 
shall be provided at the operator workstation. 

Monitoring Requirements 
a. It is necessary that the system calculate a daily chemical inventory and average 

dosage based on the level change in the day tank over a 24-hour period. The 
equations would be as follows for either a dry weight chemical (e.g. 48% alum), 
or a product weight chemical (e.g. polymers) respectively: 
e [tank level high (in) - tank level low (in)] x [incremental tank volume (gal/in)] 

x lproduct density (lbs/gal)] x [product concentration (%) / 1001 = dry weight 
(Ibs) 
[dry weight pounds (calculated above)] / [total daily plant production (MG)] / 
8.34 = dry weight average dosage (mg/L) 
[tank level high (in) - tank level low (in)] x [incremental tank volume (gallin)] 
x Lproduct density (lbs/gal)J = product weight (lbs) 

* lproduct weight pounds (calculated above)] / [total daily plant production 
(MG)] / 8.34 = product weight average dosage (rng/L) 

The system must recognize that the tank will be filled during the day, possibly 
more than once. This could be accomplished by monitoring the changes in level 
(rising or falling) and incorporating it into the logic. 

e 

* 

b. 

Other Considerations 
a. If a reliable means is provided to determine that an energized metering pump is 

actually producing flow (Le. flow switch, etc.), this shall also be incorporated into 
the control logic to detennine failure of a unit. 

GASEOUS CHEMICAL FEED SYSTEMS 

Assumed Tmical Scenario 
a. The chemical feed system is a vacuum operated system with automatic 

b. 
c. 

d. 

switchover capabilities withdrawing gas from multiple cylinders. 
The system includes multiple gas dispensers, some but not all of equal capacity. 
The gas dispensers have remote rotameter adjustment capabilities. It is also 
common for the size of the rotameter to be changed seasonally. 
The gas is transported to the point of application by eduction. Changes in the 
points of application are made by manual valve changes. 
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e. An analyzer is present to allow for compound loop operation. 

LocaI Mode of Operation 
a. 

b. 

Individual gas dispensers are put in local mode at the gas dispensers location with 
no control capabilities from the operator workstation. 
Monitoring of aII gas dispensers operations shall continue to be available at the 
operator workstation. CIear indication of the gas dispenser status (local or remote 
mode) shall be provided at the operator workstation. A field shall also be 
provided on the display for an operator to provide the reason why an individual 
gas dispenser has been put in local mode. 

Remote Manuai Mode of Operation 
a. Individual gas dispensers are put in remote mode at the gas dispenser location, 

and the selection of remote manual (vs. remote automatic) mode is made at the 
operator workstation. 
Once in remote manual mode, the operator has the capability to control individual 
gas dispensers (in units of pounds per day, lbdday) by varying the position of the 
rotameter &om the workstation. 
It is first necessary to define the operating capabilities of each gas dispenser based 
on the potential rotameter sizes. This matrix of gas dispenser output capabilities 
needs to be fully defined on a limited access supervisory screen. The low end of 
the rotameter setting shall consider the manufacturer’s recommendations for gas 
dispenser turndown to ensure that the gas dispenser is still able to operate 
accurately at the minimum specified rotameter setting. 
The specific rotameter that is installed in each gas dispenser must then be 
identified by the operator on the display from which the gas dispensers are 
controlled. The output range (in Ibdday) for each gas dispenser based on the 
installed rotameter shall be displayed on screen such that the limits of operation 
for that specific gas dispenser are clear to the operator. The operator can then set 
the desired output of the gas dispenser (in lbdday). 
Controlling the output of the gas dispensers in terms of percentage is not 
recommended since gas dispensers are not metered and a calculation would be 
required to determine the specific output in Ibs/day. 

b. 

c. 

d. 

e. 

Remote Automatic Mode of Operation 
a. Individual gas dispensers are put in remote mode at the gas dispenser location, 

and the selection of remote automatic (vs. remote manuai) mode is made at the 
operator workstation. Once in remote automatic mode, the operator must then 
select either “flow paced” remote automatic operation or “compound loop7’ 
remote automatic operation. The system then takes complete control of each gas 
dispenser that is in either of these two remote automatic modes. 
In either flow paced or compound loop mode, it is then necessary for the operator 
to enter a desired dosage in mg/L. The specific chemical equation would then be 
as follows for a flaw paced mode of operation: 

[gas dosage (m&) x 8.34 x flow rate 0\/3GD)] = poimds per day (Ibdday) 

b. 
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C. 

d. 

e. 

f. 

The specific “flow rate” to use in the equations is dependent on the point of 
application and could be a raw water, finished water, backwash water, or other 
rate of flow as specified by the engineer. 
If the gas dispenser is in compound loop mode, the calculated dosages above 
would be adjusted (trimmed) as necessary based on the feedback from the 
respective anaIyzer f ie .  chlorine residual analyzer, etc.). A operator adjustable 
field shall be provided on the display to allow for a feedback set point for each 
specific analyzer. This shall be displayed next to the actual reading from the 
specific analyzer. 
When a point of application change is manually made and entered on the display, 
the system shall automatically determine which flow rate to use for flow pacing, 
and which analytical instrument to use for trimming (if applicable). It is the 
engineer’s responsibility to provide this information to the systems integrator via 
the specifications. 
Based on the previously entered information for each gas dispenser (rotameter 
size) the system shall select the appropriate gas dispenser or combination of gas 
dispensers from those which are in remote automatic mode which can 
accommodate the calculated feed rate. 
The operator shall have the ability to prioritize the selection of gas dispensers 
such that the system will select the higher prioritized gas dispensers if more than 
one gas dispenser meets the required criteria. The gas dispensers shall be 
prioritized 1, 2, 3, etc. regardless of capacity. If the system cannot find a single 
gas dispenser to meet the output requirements, it shall select more than one gas 
dispenser as necessary based on the prioritization. 

Monitoriug Requirements 
a. It is necessary that the system calculate a daily chemical inventory and average 

dosage based on the weight reduction in the cylinder(s) over a 24-hour period. 
The total usage would be reported in pounds and the average dosage for the day 
would be calculated as follows: 
* [total weight reduction (lbs)] / [total daily plant production (MG)] / 8.34 = 

average dosage (mg/L) 
The system must recognize that cylinders can be replaced dwing the day, possibly 
more than once, and an each side of tbe automatic switchover. This could be 
accomplished by monitoring the changes in weight (increasing or decreasing) and 
incorporating it into the logic. 

b. 

Other Considerations 
a. If a reliable means is provided to verify the flow of eduction water (i.e. flow 

switch, water meter, etc.), this shall also be incorporated into the control logic to 
determine failure of the system. This verification of flow shall be provided for 
each individual point of application. 
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D. ALARMS 

WarninP: and Critical Alarms 
a. In general, the capability for an operator to define two levels of alarms shall be 

provided for all variable inputs. This could be a direct analog input (e-g. from a 
chlorine residual analyzer) or a calculated value (e.g. cleanvell CT). 
The fust alarm level is referred to as a ‘’warning alarm” and would provide 
notification to an operator that a particular parameter is reaching an undesirable 
limit. The system would take no action for a warning alarm other than 
notification. This alarm set point would be defined on a separate supervisory 
display. 
The second alarm level is referred to as a “critical alarm” and indicates that an 
undesirable limit has been reached. All non-variable a i m s  (ones which can’t 
physically have a warning alarm such as a valve not reaching its open or closed 
limit) would also be classified as ‘‘critical a l m s ” .  When a critical alarm state is 
reached, action is required by the system in addition to providing notification. 
The type of action will be dependent on the specific alarm and would include, but 
not be limited to, the following: 
* Shutdown entire plant 
0 

* Shutdown equipment 
e 

* Backwash filter 
The system shall not attempt to rectify a problem with actions that are not typical 
of the normal routine plant operations. For example, if the level in a filter rose 
too high, no attempt should be made to throttle inlet valves to force the level to 

The control logic must ensure that an action to correct a critical alarm cannot 
occur more than once (e.g. if a pump faifs and the backup also fails, the system 
should not try to restart the first pump again). At this point, a secondary action 
would need to occur (e.g. shut down the entire plant). 
The consultant is responsible for defining all initial alann set points and actions in 
the specifications, preferably directly in the VO list. 

b. 

c. 

Shutdown and isolate a specific process unit 

Shutdown primary equipment, sfar t  backup equipment (where possible) 

drop. 
d. 

e. 

E. WORKSTATION DISPLAYS 

Definition 
a. The displays that are required for the specific project shall be defined in the 

specifications by the consuitant. It is not acceptable to only specify the number 
of anticipated displays and defer the specific definition to the construction phase 
of the project. Each defined display shall include the following: 
* A title 
e A brief description of the purpose of the display 

A listing of each point from the I/O list that shall be reflected on the display. 
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0 

0 

* 
0 

0 

0 

a 

0 

0 

0 

0 

e 

0 

0 

0 

e 

0 

0 

0 

e 

0 

It is recommended that this be accomplished directly on the I/O list. 
In lieu of the above, it is also acceptable for the consultant to provide actual 
screen displays which are created with the man-machine interface software 
specified for the project. The electronic files with the displays shall be made 
available to the successful systems integrator. 
The following is a list of typical displays for a treatment plant. The consultant is 
responsible for modifying this list for the specific project. 

b. 

Title page with Water Company logo and listing of all available screens and 
reports 
Plant overview (possibly need two screens) 
Raw water intake and pump station overview 
Individual raw water pumps when multiple pump and motor parameters are 
being monitored (one display per pump) 
Each chemical feed system (one display per system) 
Chemical properties table 
Mixing, flocculation, clarification overview (very dependent on the specific 
process that is selected) 
Filter overview (including backwash pumps) 
Individual filters (one display per filter) 
Backwash setup 
Backwash sequence step display (text based) 
Plant service pumps 
Cleanvell and distributive pump station overview 
Individual distributive pumps when multiple pump and motor parameters are 
being monitored (one display per pump) 
Residuals handling overview 
Individual residuals handling tanks and basins (one display per tank) 
Emergency power 
Security overview (intrusion, fire, smoke, entrance gates, etc.) 
Distribution system storage tanks (all on one dispIay if possible) 
Alarm and set point setup (possibly multiple screens) 
RTU communications 

c. Initial values for all alarms (warning and critical) and set points shall be defined 
by the consultant in the specifications. 

Colors and Convemtioning 
a. The following color scheme is recommended unless the Water Company has a 

specific color scheme on which they have already standardized: 
* 
0 

Equipment that is not running should be grayed out. 
The process color should be displayed when equipment is running as follows: 
0 raw water - blue/green 
0 settled water - aqua 
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0 furshed water - blue 
* waste water - brown 
Chemical process colors shall be in accordance with Ten State Standards or 
specific state standards if they exist. 
Equipment in transition (e.g. a modulating valve) should be shown in 
magenta 
The background of all screens should be black. 
All text should be in a blue box with a white outline as follows: 
cf 

0 

cf 

* 

* 
* 

Fixed text (titles) - white 
Text that can be toggled or entered (such as set points) - yellow 
Text which varies but is provided by the system (such as a flow rate) - 
green 

Alarm conditions shall flash with the alarm words appearing on the screen (e.g. 
“LOW Chlorine Residual”) in red text. Once the alarm is acknowledged, it shalI 
stop flashing but continue to be displayed in red text. The red text shall disappear 
once the alarm condition is rectified. Warning alarms shaII be distinguished &om 
critical alarms with the words “Warning” and “Critical”. When an alarm occurs, 
it shall be displayed in an alarm block on the overview screen. 

b. 

F. REPORTS 

Plefmli tion 
a. Examples of all reports that will need to be generated for the specific facility will 

be provided by the Water Company and shall be defmed in the specifications by 
the consultant. The reports shall be created in Lotus 1-2-3 (or other spreadsheet 
software as specified by the Water Company) but integrated into the 
man-machine interface software such that the operator can launch each report 
directly fiom the title screen. It is not acceptable to only specify the number of 
anticipated reports and defer the specific definition to the constniction phase of 
the project. Each defined report shall include the followhg: 
* Atitle 
0 

0 

A brief description of the purpose of the report 
Identification of the YO point that corresponds to each entry point on the 
report. If the entry point on the report involves a calculation, the specific 
calculation shall be provided by the consultant. If the entry point on the 
report requires a manual entry by an operator, it shall be defined as such. The 
operator shall have the ability to overwrite any information on any report that 
is generated by the system. 

In lieu of the above, it is also acceptable for the consultant to provide actual 
electronic reports which are created with the spreadsheet software specified for 
the project. These electronic spreadsheets shall be made available to the 
successful systems integrator. 
The systems integrator is responsible to ensure that the reports are archived b. 
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properly at the end of each month (or at a time interval as defined by the Water 
Company) before initiating the next month’s report. 
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Revised per Addendum No. I 

A'ITACNMENT D 

Miscellaneous Preliminary Project Information 

1. Pipeline Route (shown on twelve 8- 1/2 x 1 1 USGS maps) 

36. LWC Pipeline Hydraulic Calculations (four spreadsheets) 
47.. KAWC Pipeline Hydraulic Calculations (six spreadsheets) 
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/Mentucky-American Pipeline c= 130 

Flow= 25.0 MGD 
Diameter= 36 inches 

Page 1 



Page 2 



Page 3 





Kentucky-P\merican Pipeline I c= 
February 17.1998 Flow = I 

Page 5 

130 
6.0 MGD 

15.0 830 5,000 0.9 1151.7 321.7 139.3 150 200 
15.5 750 5.ooo 0.9 1150.8 400.8 173.6 200 250 
16.0 650 5 , m  0.9 1150.0 500.0 216.5 250 300 

162 Mx) l.m 0.2 1149.6 549.6 238.0 250 3w 
16.3 700 1.m 0.2 1149.5 449.5 194.6 200 250 
16.5 700 2 . m  0.3 1149.1 449.1 194.5 200 250 
17.0 700 5 , m  0.9 1148.3 448.3 __ 194.1 - 200 250 
17.1 740 1.ooo 0.2 1148.1 408.1 176.7 200 250 
17.2 ~ 760 l.m 0.2 1147.9 387.9 168.0 200 250 
17.3 770 1,000 0.2 1147.8 377.8 163.6 2w 250 
17.8 830 5,000 0.9 1146.9 316.9 137.2 1 5 0  200 

Glenns Creek aossing 17.9 €60 1,000 02 1146.7 486.7 210.8 250 300 
18.1 810 2 . m  0.3 1146.4 336.4 145.7 150 200 
18.3 800 2 . m  0.3 1146.0 346.0 149.8 150 200 
18.8 850 5.000 0.9 11452 295.2 127.8 Is0 200 
19.3 850 5.000 0.9 1144.3 2943 127.4 150 200 
19.6 870 3 . m  0.5 1143.8 273.8 118.6 150 200 
19.8 - e60 2,ooo -. 0.3 1143.5 283.5 1227 150 200 
20.3 910 5.000 0.9 1142.6 ~~ 232.6 100.7 150 200 
20.8 890 5.000 0.9 1141.8 251.8 109.0 150 200 

890 5.000 0.9 1140.9 250.9 108.7 '150 200 
21.8 830 5 . m  0.9 1140.1 310.1 134.3 150 200 
22.0 850 2.000 0.3 1139.7 . 289.7 . 125.5 1 5 0  200 
22.5 890 5.000 0.9 1138.9 248.9 107.8 150 200 
22.7 850 2,ow 0.3 1138.5 288.5 124.9 150 200 
23.0 900 3.000 0.5 1138.0 238.0 103.1 1 5 0  200 
23.5 770 ~ 5 . m  0.9 _ _ _ _ ~  1137.2 367.2 159.0 200 250 
24.0 850 5.000-1 0.9 1136.3 286.3 124.0 150 200 
24.4 910 4 . m  0.7 1135.6 225.6 97.7 100 150 
24.5 880 1.m 0.2 1135.5 2555-  110.6 150 2W 

______ 24.9 9M) 4,000 0.7 - 101.7 150 200 
25.0 890 1.000 0.2 1134.6 244.6 105.9 150 2CfJ 
25.5 940 5,000 0.9 1133.8 193.8 83.9 1w -- 150 
26.0 850 5 . m  0.9 1132.9 282.9 122.5 150 200 
26.5 900 5.000 0.9 1132.0 232.0 1005 150 200 

27.5 950 5 . m  0.9 1130.3 180 .3  -_-781 100 150 
100 150 

1% 27.7, 950. 1*oOo_..~_-- 0.2 1130.0 180.0. 77.9, 100 

____ 
16.1 1 4M) l.m 0.2 1149.8 689.8 298.7 300 350 Kentucky River uossing ~~ - -__I 

-. 

-- 

~- -- 

---- _ _ _ _ _ _ _ ~  -- 

27.0 940 5.000 0.9 1131.2 191.2 828 ..__ 1 W -  150 

27.6 950 l.m 0.2 11302 180.2 78.0 __- mwc distri%tion system gradient 



Kentucky-American Pipeline c= 130 

Pipeline operating at minimum flw with one b b t w  statim 
February 17,1998 Row= 1.6 

Diameter= 36 __ 
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ATTACHMENT E 

Drawing Standards 

. .- . . __ ._ . 





Layering Convention 

All layer names shown are for proposed improvements. Any layers for existing structures andor 
piping should have the suffix -EX attached to the end of the layer name. For example, to show 
an existing building on the site pian, the layer name would be C- G E X .  All layers for 
existing objects will be color number 6 (magenta). 

_I 

A-ACCESS Access hatches 1 Continuous 

A-ALUMINIM- Gutters, downspouts;-dum. trim 2 Continuous 

A-BLOCK Block walls (incl. pout  lines bet. blocks) 5 Continuous 

A-BLOCKHATCH Block hatching 6 Continuous 

A-BRICK Brick Face & Trim 14 Continuous 

A-BRICKHATCH Brick hatching 6 Continuous 

A-COPIN? Coping around parapet roof 1 Continuous 

A-DOOR 

--- 

-- 

--- 

Doors, door swings, door frames 
I I 

A-FRP - 7 s )  gating & members 7 Continuous 

A-GRATING F a y ,  stair or containment grating 

A-GRTGHATCH TGrating Hatch pattern . m G n - w i  
I --. I I -- 

A-HANDRAIL 1 Handrails 1 8 1  Continuous 
r__- 

A-INSULATION RGof Insulation, batt insulation, air gap 7 Continuous 

A-LADDER Ladders 8 Continuous 

A-ROOFDECK Roof decking (all types & associated pieces) 1 Continuous 

A-SHINGLES Roof Shingles 30 Continuous 

, A-WINDOW Windows 2 Continuous 

-- -- 
- - 

-- 
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b 

_- 
C-SHORIMG 

C-SIDEWAL,K 

C-SOILEROSION 

- 

C-SFOTELW- 
C-STONE 

C-STORM 

C-TEXT 

C-TREE 

C-TREELINE 
- 

- 
C-v ALVEBOX 

- 

C-WETLANDS 

Sanitary Sewer lines 

Temporary shoring 

Sidewalks 

- 

Silt fence, stakes 

--I---- --. 
Spot Elevations 

Gravel subbase, rock driveways, filter fabric -T- 
I - 

Storm Sewer catchbasins & lines I 1  

Contour text (elevations) ---jm- 
Proposed individual tree -1- 

I 
I__-. 

Tree line (edge of clearing) - Proposed 3 

Valve boxes 

Wetlands delineation line 
- 

LECT -s  

E-EQUIP 

E-GROUND 

E-PHONE 

E-POLE 

E-POWER 
- - 

Continuous 

Continuous 
- 

continuous 
-- 
Continuous 

Continuous 

Continuous 

Continuous 

Continuous 

Continuous 

Continuous 
--.- 

Continuous 

Continuous 

Concrete'encased electrical lines 
--- 

RTU's, equipment boxes 4 Continuous 
I I -- -- 

Grounding rods 1 3 1  center 

Telephonelines Continuous 
(label OH or UG), includ. conduits 

- 
Utility poles 

(label OH or UG ), includ. conduits 
Electricd'Fower lines 

I I 



E 

I I 

E-TEXT Text for proposed electrical items 2 
I 

E-WIRES I Wires, lines 

G-BLDTEXT 1 Heavy text, Le., titles, section marks, etc. I 4 I Continuous 
I I 

G-BORDER - p o r d e r  outline and cutlines 4 Cantinuous 

G-DIIbENSION All horizontal, vertical and angular 
dimensions 

leaders, notes and 0th 

Paper Space viewports 
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AC 

Fans, Louvers, Ductwork, Heaters 

I DCS driven I I-DCS I 11 I Continuous 
-- 

I-INST-= Analog Input Equipment 3 Continuous 

I-INST-A0 Analog Output Equipment 2 Continuous 

I-INST-DI Digital Input Equipment 1 Continuous 

1-INST-DO Digital Output Equipment 5 Continuous 

I-SOFT WARE Software driven 8 Continuous 

--- --.- 

- - . ~  -. - 
-- _--___ 
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c CA 

1 M-AIR ~ I Compressed air lines Continuous I 7 I 

--- 

, air camp., blowers, etc. 

Filtered Water lines 

D S - 7  
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P-ALUM 

-ONLA 

P-CARBONSL 

P-CAUSTIC 
-- 

P-CHLORINE 

P-COAGAID 
P-COAGPRIMARY 

P-CONDUIT 

P-FILTERAID 

P-FLUORIDE 

P -LIMESL, 

P-OZONE 
- -- 

P-POT AS SIUM 
- 

P-SLTHCKPOLY 

P-SODAASH 
_I - 

- 
P- S ULFZJRDI 0 

P-ZINC 
--- 

-- - 
Ammonia lines 7 Continuous 

Carbon Slurry lines 14 Continuous 

Caustic Soda lines 62 Continuous 

Chlorine lines (gas or liquid) 2 Continuous 

Coagulant Aid Polymer lines 42 Continuous 

-. 

--- 

I I 

Primary Coagulantiines I 30 1 Continuous 

PVC conduit (carrier lines) 

Filter Aid Polymer lines 7 Continuous 

Fluoride lines 

Lime Slurry lines Continuous 
- 

Ozone lines p-1 
-. 

Potassium Permanganate lines 201 Continuous 

Sludge Thickening Polymer lines 42 Continuous 

Soda Ash lines 72 Continuous 

Sulfuric Acid lines 2 Continuous 

SO ContiGous Sulfur Dioxide lines 

Zinc M-ophosphate lines 160 Continuous 

' 
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s 

-- 
S-STEELCL 

I 

s-SUMP I Sump opening & center "x" 1 
- _I 

Sump faundation lines (hidden in plan 1 
view) 

S-SUPPORT Pipe supports (steel) 4 

S- WALKWAY Steel walkways a 
S- WATERSTOP Waterstops 3 

- - 
-- 

Y IPI 

I- 

Y-CONCRETE Concrete encasements (in yard) 7 1 i Continuous 

Potable water supply (outside), hose bibbs 

Concrete thrust blocks for yard piping 

- 
Y-SUPPLY 

Y-THRUSTBLOCK 
I 1 
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s A 

A.B. 
AD.? 
ALUM. 
ANSI 
APPROX. 
ARCH. 
AMP 
ASME 
ASSY 
ASTM 
AUTO. 
A'CIX. 
AVG 
BLDG 
B.O.M. 
B.O.C. 
B.O.S. 
BR 
BRS 
BTM 
C 
O C  
c to c 
CFM 
CHKn 
CI 
t 
CL. 
CM 
COL. 
C.O. 
CONC. 
CONSTR. 
cow. 
CPLG 
cu. 
DEG( ) 
DJA. 
D.I.P. 
DIM. 

Anchor Bolt 
Adjacent 
Aluminum 
American National Standards Institute 
Approximate 
Architectural 
Ampere 
American Society of Mechanical Engineers 
Assembly 
American Society far Testing and Materials 
Automatic 
Auxiliary 
Average 
Building 
Bill of Material 
Bottom of concrete 
Bottom of steel 
Bronze 
Brass 
Bottom 
Channel 
Centigrade, or Celsius 
Center to Center 
Cubic feet per minute 
CheckedCheckered (as in plate) 
Cast Iron pipe 
Centerline 
Clearance 
Centimeter 
Column 
Cleanout 
Concrete 
Construction 
Continued 
Coupling 
Cubic 
Degrees 
Diameter 
Ductile Iran Pipe 
Dimension 
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DISCH. 
DN 
DPI 
DWG 
E 
EA. 
EA 
E.F. 
EL. 
ELL 
EQUIP. 
E.S. 
E.W. 
EXIST. 
EXPAN. 
F 
OF 
FD 
FIG. 
FL. 
FLG 
FLGD 
FPS 
FS 

FTG 
GAL. 
GALV. 
GPM 
GND 
H 
m 
HEX 
H O U .  
HP 
W A C  
HZ 
I.D. 
IN.(") 
w. 
JT. 
KG 
KVA 

FT(7 

Discharge 
Down 
Differential Pressure Indicator 
Drawing 
East 
Each 
Exhaust Air 
Each face 
Elevation 
Elbow 
Equipment 
Each Side 
Each way 

Expansion 
Fan 
Fahrenheit 
Floor drain 
Figure 
Floor 
Flange 
Flanged 
Feet per second 
Far side 
Foot or feet 
Fitting 
Gallon( s) 
Galvanized 
Gallons per minute 
Ground (as in electrical) 
Height 
Hose Bibb 
Hexagon( al) 
Horizontal 
Horsepower 
Heating, ventilation, and air conditioning 
Hertz (frequency) 
Inside Diameter 
Inches 
Invert (inside bottom of pipe) 
Joint 
Kilogram 
Kilovolt amperes 

Existing 
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KW 
L 
LBS 
LR 
M 
MATL 
MAX. 
MCC 
MECH. 
MFR. 
MH 
h4J 
m. 
M I X .  
Mh4 
W A  
N 
NIA 
NC. 
N.Q. 
NO. 
NOM. 
N P S  
NPT 
NS 
NTS 
OA 
O.D. 
OH 
OPN’G. 
ORIG. 
O.S.D. 
P&ID 
PE 
PEW. 
PL 
PRESS. 
PRV 
PSI 
PSIA 
PSIG 
PVC 
QTY 

Kilowatts 
Length 
Pounds 
Long Radius (of elbow) 
Meter 
Material 
MaxiIIlUIn 
Motor Control Center 
Mechanical 
Manufacturer 
Manhole 
Mechanical Joint (Pipe) 
Minimum 
Miscellaneous 
Mi 1 lime ter 
Megavolt amperes 
NO&! 
Not applicable 
Normally Closed 
Normally Open 
Number 
Nominal 
National pipe size 
National pipe thread 
Near Side 
Not to scale 
Outside air 
Outside Diameter 
Overhead 
opening 
Ckiginal 
0pen Site Drain 
Process & Instrumentation Diagram 
Plain End (Pipe, etc.) 
Perpendicular 
Plate 
Pressure 
Pressure reducinglregulating valve 
Pound per square inch 
Pound per square inch absolute 
Pound per square inch gauge 
Polyvinyl chloride 
Quantity 
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reviati0EI 
QUAD. 
RED. 
REINF. 
REQ’D. 
REV. 
RPM 
S 
SCH or SCHED. 
SHT 
SLV 
SQ. 
SR 
S.S. 
STD 
STRUCT. 
SUCT. 
TEMP. 
THRU 
T.O.C. 
T.O.P. 
T.O.S. 
TYP. 
UG 
UH 
V 
VERT. 
w 
W 
W 

Quadrant 
ReducindReducer 
Reinforcin seinfarcement 
Required 
Revision 
Revolutions per minute 
south 
Schedule 
Sheet 
Sleeve 
Square 
Short Radius (of elbow) 
Stainless Steel 
Standard 
Structure/Structural 
Suction 
Temperature 

Top of concrete 
Top of pipe 
Top of steel 
Typical 
Underground 
Unit heater 
Volts 
vertical 
Watts 
West 
Width 

Through 
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ATTACHMENT F 

Agreement for Professional Engineering Services 



THIS AGREEMENT, made and entered into this 1st of April 1998 by and between the 

KEN'I'IJCKY-AME2EUCA.N WATER COMPANY, with its principal office at 2300 Richmond 

Road, Lexington, Kentucky 40502, hereinafter referred to as "OW4ZR', and [SELECTED 

CONSULTANTJ, providing professional engineering services with its office at [LOCATIONI 

hereinafter referred to as "ENGINEER": 

WEEREAS, KENTI.JCKY-AMERICAN WATER COMPANY, desires to receive the 

engineering services related to the design and bidding of the B1uegrass Water Pmject facilities 

with a scope generally defined by OWNER'S Request for Proposal and Design Concept and 

ENGNER'S proposal presented in Appendix A; and 

WHEREAS, OWNER is desirous of engaging the services of said ENGDEER to perform or 

&sh said services. 

WHEREAS, ENGINEER has available and offers to provide personnel and facilities necessary 

to accomplish said services in a timely manner. 

NOW, THEREFORE, said OWNER and said ENGINEER, for the considerations hereinafter set 

forth, mutually agree as follows: 
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Article I - Professional Engagement 

OWNER hereby engages (SEL,ECTED CONSULTANT) as an independent contractor, to 
perform or f inish the services hereinafter more particularly described in Appendix A, 
commencing on the date of this Agreement. 

ENGINEER hereby agrees to perform or furnish as an independent contractor professional 
engineering and related services as set forth herein. ENGINEEX may retain qualified 
subconsultants to assist in the performance of professional services. OWNER shall be notified 
prior to ENGINEER sub-contracting such services and sufficient time shaIl be provided to allow 
OWNER to review the subconsultants qualification. Should OWNER, based upon reasonable 
cause, not accept any such subcontractor or subconsultant for use on the Project, C)'\iJNER shall 
so notify ENGINEER, within five ( 5 )  days following OWNER'S receipt of such notice from 
ENGINEER, and ENCrINlEER shall not subcontract with any such subcontractor or 
wbcansultmt for the Project. OWNER s h d  have the right at my titnle to revoke its acceptance 
(whether given affirmatively or by its failure to object within said five day period) of any 
subcontractor or subconsultant on the basis of reasonable cause, in which case ENGINEER shall 
submit an acceptable substitute and a Task Order equitably adjusting ENGNEERs 
compensation will be issued. No acceptance of any subcontractor or subconsultant shall waive: 
(1) OWNER'S right not to accept defective services performed or furnished for ENGINEER by 
said subcontractor or subconsultaut; or (2) any other right or remedy OWNER has under this 
Agreement, including but not limited to its rights to suspend or terminate services under this 
Agreement. 

ENGINEER is an independent contractor and is not and shall not be deemed to be an employee, 
agent, servant, partner or joint venturer of OWNER. ENGINEER shall have the exclusive 
supervision, direction and control of a11 employees, subconsultants, subcontractors, suppliers, 
materials, equipment and faciIities employed, contract with or used by ENGINEER in 
performing or fkmishing services under this Agreement. 

Article I1 - Scope of Services 

The scope of services performed or furnished by ENGINEER under the terms of this Agreement 
is defined in Appendix A and in the executed Task Orders pursuant hereto which will authorize 
ENGINEER to perform specific engineering services related to the project. Unless modified in 
writing by both parties through a Task Order, duties of ENGINEER shall not be construed to 
exceed those services specifically established in Appendix A. (NQpiTE: ANY ADDITIONAL 
ENGINEERING FEES ASSOCIA TED WITH SER VICES NOT INCLUDED IN APPENDLX A 
MUST RE DEFINED A.ND AGREED TO BY O W E R  IN WRITING PRIOR TO INITIATION 
OF THESE SER VK'ES) 

Article I11 - Cooperation bv OWNER 

OWNER shall, to the extent reasonable and practicable, cooperate with ENGINEER in the 
performance of ENGINEERS services hereunder. Such cooperation shall include, but not 
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necessarily be limited to: providing right of access to work sites as required for E N G M E R  to 
perform or furnish services under this Agreement; providing relevant material available from 
OWNERS files such as maps, drawings as available (whether or not as-built drawings), records, 
and operation and maintenance information; serving all notices; attending all hearings; payment 
of all permit and other required fees associated with the Project; and rendering assistance in 
determining the location of existing facilities and improvements which may be affected by the 
Project. 

OWNER shall be responsible for providing legal services which it deems necessary for the 
Project including review of contract documents, public advertising and contract letting. 
OWNER shall pay fees for utility services to the Project. 

OWNER shall appoint DAVID M. REVES, P.E. as OWNERS REPRESENTATIVE with 
respect to the services to be performed under this Agreement. OWNER'S REPRESENTATIVE 
shall have complete authority to transmit hstmctkm, receive idomation, and interpret a d  
define OWNERS policies. ENGINEER shall be entitled to rely on representations made by 
OWNER'S REPRESENTATIVE unless otherwise specified in writing by OWNER. 

Article IV - Schedule 

A schedule for canying out services performed by ENGINEER under the terms of this 
Agreement is set forth in Appendix A. ENGINEER will exert aIi reasonable efforts to perform 
or fbnish all services under this Agreement in accordance with said schedule. 

OWNER will be kept informed as to the progress of the services under this Agreement under the 
terns presented in Appendix A. Neither party shall hold the other responsible for damages 
caused by, arising out of or resulting fkorn delays in performance caused by acts of God, strikes, 
lockouts or other events beyond the control of the other party. 

Article V - Assignment of Aweement 

ENGINEER shall not assign this Agreement or any portion of the services to be performed or 
furnished hereunder without prior written approval of OWNER. 

Article VI - Litigation 

The Agreement does not require ENGINEER to prepare for or appear as a witness in any 
litigation or alternative dispute resolution proceeding on behalf of O m R ,  other than as 
specified in Appendix A, except in consideration of additional reasonable compensation 
negotiated as part of a Task Order specifically issued for such purpose. Notwithstanding the 
preceding, ENGINEER shall participate without additional compensation in any litigation or 
alternative dispute resolution proceeding in which ENGINEER is a party or in which a claim is 
made against OWNER based in whole or in part on ENGINEER'S negligence, professional 
errors or omissions, breach of contract or deficiencies in ENGTNEERs design or performance 
hereunder. 
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Article VI1 - Ownership of Document 

Drawings, specifications, submittals and other work products of the ENGINEER for the Project, 
except working notes and internal documents, become the property of OWNER upon delivery 
thereof to OWNER and payment for the services which produced said documents in accordance 
with this Agreement. Reuse of any of these drawings, specifications, submittals or other work 
products of ENGWER by OWNER for other than the specific project covered in this 
Agreement, or modification and use by OWNER of any documents connected with this 
Agreement, without the written permission of ENGJNEER shall be at OWNER'S risk and 
QWNER agrees to defend, indemnify, and hold harmless ENGINEER from all claims, damages 
and expenses including attorney's fees arising out of such unauthorized reuse of ENGINEER 
work product by O W R  or by others acting through B'JJTISEEi. ENGINEER shall be entitled 
to a reproducible copy of all material furnished to QWNER, the costs of which is included in 
the compensation amounts specified in Appendix A and/or the Task Orders. Any incompleted 
work of ENGINEER delivered to OWNER due to cancellation of al! or portions of the work or 
contract termination, which are utilized by OWNER in any way, shall have ENGINEER name 
removed, and OWNER agrees to defend, indemnify, and hold harmless ENGINEER fiom all 
claims, damages, and expenses including attorney's fees arising from any use by OWNER of 
such incompleted work Product. 

Article VI11 - Confidential Information 

"Confidential Lnfonnation" means all information about the OWNER or its affiliates furnished 
by OWNER or its affiliates, or their respective directors, officers, employees, agents or other 
representatives, whether furnished before or after the date hereof, or furnished orally or in 
writing or gathered by inspection, and regardless of whether specifically identified as 
"confidentid", together with analyses, compilations, studies or other documents prepared by 
ENGINEER, or by ENGINEER'S affiliates, subconsultants or subcontractors or their respective 
directors, officers, employees, (such a l i a t e s ,  subconsultants, subcontractors or other persons 
collectively referred to herein as "ENGINEERS Representatives") which contain or otherwise 
reflect such information or ENGINEER'S or ENGINEER'S Representatives review of such 
information. 

ENGINEER agrees not to use any of the Confidential Information for any purpose other than in 
performing the professional services contemplated under this Agreement (the "Permitted 'IJse"). 
ENGINEER agrees that the Confdential Information will not be used by ENGINEER in any 
way detrimental to the OWNER and that the Confidential Information will be kept strictly 
confidential and, without the prior written consent of OWNER, neither ENGINEER nor 
ENGMER's  Representatives shall: (i) distribute or disclose to any person or entity any of the 
Confidential Information, or any facts related thereto (other than as permitted herein); (ii) permit 
any person or entity to have access to the Confidential Information (other than as permitted 
herein); or (iii) use the Confidential Information for any purpose other than the Permitted Use. 
Moreover, the ENGINEER agrees to transmit the Confidential Information only to the 
ENGINEERS Representatives who have a legitimate need to know the ConFidential Information 
for the sole purpose of the Permitted IJse and who shall (a) be advised by the ENGINEER of this 
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Article VI11 and (b) agree with the ENGINEER to be bound by the provisions hereof. The 
ENGINEER shall be responsible for any breach of this Article VI11 by the ENGINEERS 
Representatives (including employees of the ENGINEER or the ENGINEERS Representatives 
who, after the first date of disclosure of Confidential Information hereunder, become former 
employees). ENGINEER agrees, at its sole expense, to take all reasonable measures, including 
but not limited to court proceedings, to restrain the ENGINEERS Representatives (and former 
employees of the ENGINEER or the ENGINEERS Representatives) from unauthorized 
disclosure or use of the Confidential Information. 

The ENGINEER hereby acknowledges that if any breach of this Article VI11 occurs, the 
OWNER would be irreparably and h e d i a t e l y  harmed and could not be made whole by 
monetary damages. Accordingly, in addition to any other remedy to which it may be entitled in 
law or equity, the OWNER shall be entitled to an injunction or injunctions to prevent breaches 
of this Article VI11 and/or to compel specific perf'ormance of this Article VIII, and the 
ENGINEER shall not oppose the granting of such relief OR the basis that mmetary damages we 
adequate. The ENGINEER also agrees to reimburse the OWNER for all costs and expenses, 
including reasonable attorney's fees and expenses, incurred by it in enforcing the ENGINEERS 
or the ENGINEER'S Representatives' obIigations under this Article VIII. 

Article IX - Payment 

Payment far the engineering services set forth in Appendix A and specific executed Task Orders 
shall be made by OWNER to E N G M E R  and shall be considered as full compensation for such 
services and all personnel, materials, supplies, and equipment used and costs incurred in carrying 
out such services. 

A. Payment for services performed or W s h e d  under terms of Appendix A and/or 
Task Orders in which a lump sum basis of compensation is specified shall be as 
described below: 

1. 
Appendix A and Task Orders. 

Compensation to ENGINEER shall be a lump sum amount specified in 

2. As each 
payment is due, a statement describing the services which have been performed or 
furnished and listing the percent of completion and the total amount of prior 
payments paid by OWNER shall be submitted to OWNER. Payment shall be 
made for the balance due under such statement, without retention unless OWNER 
contests all or part of said billing in which event only that portion so contested 
will be retained by OWNER pending resolutjon of the dispute and any 
uncontested portion will be paid. 

Payments shall be monthly, based on percent completion. 

R. If a lump sum compensation is not agreed upon for a specific Task Order, 
payment for services performed or furnished under the terms of that Task Order in which 
a time and expense reimbursable basis of compensation is specified shall be as described 
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below: 

1. Compensation to ENGINEER shall be on a time and expense 
reimbursement basis in accordance with ENGINEER'S Schedule of Charges. A 
current copy of the Schedule of Charges will be included with each Task Order. 

2. Payments for services provided by ENGINEER on a time and expense 
basis shall be made monthly by OWNER based on an itemized invoice fiom 
ENGINEER which lists actual costs and expenses incurred on the Project in the 
immediate preceding month. Such payments shall be for the invoice amount, 
without retention unless OWNER contests all or part of said billing in which 
event only that portion so contested will be retained by O'iivNER pending 
resolution of the dispute and any uncontested portion will be paid. 

3. A budget for compensztion for services provided by ENGREER on i? 
time and expense basis will be established in the Compensation section of the 
Task Order. The budget established in the Task Order shall not be exceeded 
without OWNER'S written authorization. 

The budget may be increased by amendment to the Task Order if 
necessary to complete the scope of work. If appropriate, ENGINEER will advise 
O W R  of the anticipated expenditure over the budgeted amount at the fifty 
(50) percent completion point of the Task Order work and request additional 
budget authorization. 

Task Orders using a time and expense reimbursement should be limited in 
scope. The product of these Task Orders should adequately define the specific 
scope and effort necessary to achieve the necessary additiodmodification and 
develop a lump sum proposal for the required engineering services. 

C. ENGINEER'S final statement or invoice for any services which include 
construction, or the final statement or invoice for the Project, whichever occurs earlier in 
time, shall include properly completed and executed Releases of Liens and Claims (see 
Appendix C). Payment of any invoice not satisfjmg this requirements may be withheld 
until the requirements has been satisfied. 

D. Payments are due upon receipt of a statement or invoice prepared in a manner 
acceptable to OWNEiR and approved by OWNER. Interest shall accrue and be paid on 
any unpaid approved statement or invoice amount at the legal rate of interest &om the 
45th day after receipt of such statement or invoice to the date of payment. Interest shall 
be payable at the same time that said statement or invoice amount is paid. 

Article X - Suspension of Work 

OWNER may, at OWNERS discretion, suspend, in writing, all or a portion of the services under 
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this Agreement. ENGINEER may suspend the services under this Agreement in the event 
OWNER does not make payment in accordance with the payment terms in Article VIII. The 
services under this Agreement will only be suspended for non-payment after written notice is 
received by OWNER fiom ENGINEER of its intention intending to suspend performance and a 
cure period of seven (7) days after receipt of this notification by OWNER. The time for 
completion of the services under this Agreement shall be extended by the number of days the 
services under this Agreement is suspended. If the period of suspension exceeds ninety (90) 
days, the terms of this Agreement are subject to renegotiation, and both parties shall have the 
option to terminate the services under this Agreement on the suspended portion of Project in 
accordance with Article X. 

Article X l  - Termination of Services 

OWNER, by notifying ENGINEER in writing, may terminate any or all of the services covered 
by this Agreement. In the event of such termination, E N G W E R  sha!l have h e  right to expend 
a reasonable amount of additional t h e  to assemble work in progress for the purpose of proper 
filing and closing of the job. Such additional time shall not exceed five percent (5%) of the total 
time expended to the date of notice of termination or a designated total time agreed upon in a 
Task Order. All charges thus incurred, together with associated expenses reasonably incurred by 
ENGINEER and reasonable charges for any other commitments outstanding at the time of 
terrnination (such as for termination of subconsultants, rental agreements, orders for printing 
etc.), shall be payable by Q W R  within thirty (30) days following submission of a final 
statement by ENGINEER. However, in the event that termination of said Agreement with 
ENGTNEER occurs at the completion of a specific phase of the design, the aforesaid provision 
for the proper filing and closing will not appIy unless agreed to by OWNER under a specific 
Task Order. The payment provided for under this Article X shall constitute full satisfaction of 
any obligation OWNER has, may have or could be found to have to pay for services performed 
or furnished and expenses or charges incurred by ENGINEER pursuant to this Agreement and 
any and all liabilities or damages arising out of or resulting fiom the termination of this 
Agreement. 

Article XI1 - Indemnification 

To the fullest extent permitted by law, ENGLNEER shall indemnitjr, hold harmless and defend 
OWNER, its parent, subsidiaries, partners, officers, directors, employees and agents from and 
against any and all claim, damages, costs, losses and expenses (including but not limited to 
attorneys' fees) caused by, arising out of or related to the negligence (including but not limited to 
professional negligence, errors or omissions) of ENGWER,  its partners, officers, employees, 
agents, subconsultants and subcontractors in the performance or furnishing of services under this 
Agreement, provided however, that ENGINEERS liability to OWNER under this Article XI 
shall not exceed the percentage share of such claim, damages, cost, loss and expense that the 
negligence (including professional negligence, errors or omissions) of ENGINEER, its partners, 
officers, employees, agents, subconsultants and subcontractors bears to the total negligence of all 
negligent entities and individuals determined on the basis of comparative negligence principles. 
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Article XIII - Insurance 

A. ENGINEER and its subcontractors shall maintain worker's Compensation and 
employers' liability insurance in accordance with the amount(s) and coverage(s) in the 
attached Appendix B. 

B. ENGINEER and its subcontractors shall maintain commercial general liability 
and automobile liability insurance protecting it against claims arising from bodily or 
personal injury or damage to property, including loss of use thereof, resulting from 
operations of ENGINEER pursuant to this Agreement or fiom the use of automobiles and 
equipment of or by ENGINEER. The amount(s) and coverage(s) shall be in accordance 
with Appendix €3. 

C. ENGINEER shall maintain a policy of professional liability insurance, protecting 
it against claims wising aut of the negligent acts, mors, or omissions for which it is 
legally liable in the performance or furnishing of professional services pursuant to this 
Agreement. Such insurance shall be maintained for one (1)  year after final completion 
of construction. The amount(s) and coverage(s) shall be in accordance with Appendix B. 

D. ENGINEER is required to provide OWNER with Certificates of Lnsurance 
evidencing the afore-referenced coverages and, upon OWNER'S written request, 
complete copies of such policies or certified evidence of coverage satisfactory to 
OWNER shall be provided to OWNER. Approval or acceptance of said insurance by 
OWNER shall not relieve or decrease the liability of ENGDEER hereunder. 

E. OWNER agrees to endeavor to include a provision in O W R ' s  contract with the 
Construction Contractor engaged on the Project which requires that ENGINEER be listed 
as an additional insured on such Construction Contractor(s) liability insurance policy and 
property insurance @uilder's Risk) policy, if any. 

Article XN - Controlling Law 

This AGREEMENT is to be governed by the law of the state in which OWNERS principal place 
of business is located. 

IN WITNESS WHEREOF, this Agreement has been executed by the respective duly 
authorized agent of ENGINEER and OWNER, ail as of the day and year first above written. 

ENGINEER OWNER 

Kentucky-American Water Company 
2300 Richmond Road 
Lexington, Kentucky 40502 

ESA - 8 



BY --* BY -- - 

Title - - Title 

. 
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Appendix A 

1. Reference American Water Works Service Company, Inc. Request for Proposal and 
Design Concept dated February 18, 1998. 

2. Reference [CONSUL,TANT PROPOSAL] dated March [DATE], 1998. 



Appendix B 

Article X I ,  Insurance of the Agreement, is hereby supplemented to include the following 
agreement of the parties: 

The limits of liability for the insurance required by Article XI1 are as follows: 

XI1 1. Worker’s Compensation 
Employee’s Liability 

3. General Liability* 
General Aggregate 
Each Occurrence 
ProductslComp. Ops. 
Personal & Adv. Inj. 
Fire Damage (any one fire) 
Medical Expense (any one person) 

Automobile Liability 
Bodily Inj. & P.D. Combined 

Single Limit Each Accident -- - ~ 

2. Professional Lizbility 
Limit 
Aggregate 
Deductible (if over 250,000) 

I. Excess Liability 
Occurrence 
Aggregate 

statutory 
100,000 

2,000,000 
2,000,000 
2,000,000 
2,000,000 

50,000 
5,000 

2,000,000 

$3,000,000 

** 
** 

Additional Insured: OWNER will be added to the policies required in XI1 B as an 
additional insured. 

**AS needed to provide limits requested in XI1 B. 



AP ILX C INCLUDES: 

Release of Liens and Claims (ENGINEER) 
Release of Liens and Claims (Subconsultant & Subcontractor) 



ENGNER's RELEASE OF LIENS AND CLAIMS 

WHEREAS, the undersigned, has installed or performed or furnished labor, services, 
materials andlor equipment for the installation of the Project entitled the Bluegrass Water 
Project, (the "Project"), installed pursuant to a written agreement dated April 1, 1998, between 
the undersigned, as "ENGINEER', and Kentucky-American Water Company, having an office 
at 2300 Richmond Road, Lexington, KY 40502, hereinafter called OWNER, at or on real estate 
owned by OWNER and described and located as follows: 

Along the proposed pipeline route in Shelby, FranMin, Anderson, 'Woodfor&, and 
Lexington-Fayette Urban counties, at the proposed booster station site in Shelby County, and at 
the proposed booster station and retention basin sites in Woodford County 

(the "Facilities"); and 

WHEREAS, we, the undersigned, have agreed to release any and all claims and liens 
which the undersigned has, or might have, against OWNER, or said Facilities by reason of 
services, labor, materials and equipment performed or furnished by us in connection with the 
Project; 

NOW THESE PRESENTS WITNESS that the undersigned, in consideration of the 
premises herein, and of the sum of One Dollar ($1.00) in hand paid by OWNER, at and before 
the sealing and delivery hereof, the receipt and sufficiency of which are hereby acknowledged, 
remises, releases and forever quitclaims, and by these presents does remise, release and forever 
quitclaim, unto OWNER, its siiccessors and assigns, any and all manner of liens, claims andor 
demands Whatsoever which the undersigned now has, or might or could have, on or against the 
Facilities, or OWNER for work done, for services performed or furnished or for equipment or 
materials furnished in connection with the Project installation. It is the intent of th js  Release that 
OWNER, its successors and assigns, shall and may hold, have, use and enjoy the Facilities fi-ee 
and discharged from all liens and demands whatsoever which the undersigned now has, or 
might or could have, against the same if these presents had not been made. 
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IN WITNESS W).DERJ?OF, the undersigned has hereunto set its hand and seal as of the 
day of -, 19-- written. 

- By: - .- Dated: 

- Title: ______ 

1, , duly authorized representative of 9 

designated as ENGINEER in the above-referenced agreement, do hereby state that the parties 
whose names are signed to the attached releases, Documents 1 through , are all of the 
parties who have performed or fw;nished labor, services, materials, or equipment in connection 
with the construction of the Facilities mentioned above, excepting only such materials as may 
have been W s h e d  by OWNER. 

_ _ _ _ . . _ ~  I_-___. Dated: 
Duly Authorized 

Sworn ta and subscribed before me, a Notary Public, this h Y  of- , 

(SEAL,) 
Notary Public 
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SUBCONTRACTORS OR SUBCONSULTANT'S 
RELEASE OF LIENS AND CLAIMS 

WHEREAS, the undersigned, has installed or performed or furnished labor, services, 
materials and/or equipment for the installation of the Project entitled the Bluegrass Water 
Project, (the "Project"), installed pursuant to a written agreement dated April 1, 1998, between 
the undersigned, as "ENGmER", and Kentucky-American Water Company, having an office 
at 2300 Richmond Road, Lexington, KY 40502, hereinafter called OWNER, at or on real estate 
owned by OWNER and described and located as follows: 

Along the proposed pipeline route in Shelby, Franklin, Anderson, Woodford, and 
Lexington-Fayette Urban counties, at the proposed booster station site in Shelby County, and at 
the proposed booster station and retention basin sites in Woodford County 

WHEREAS, the undersigned, has zgreed to release my and all clakms md liens whick 
the undersigned has, or might have, against OWNER or Facilities by reason of the services, 
labor, materials and equipment performed or furnished by the undersigned in connection with 
the Project; 

NOW THESE PRESENTS WITNESS that the undersigned, in consideration of the 
premises herein, and of the sum of One Dollar ($1.00) in hand paid by OWNER, at and before 
the sealing and delivery hereof, (the receipt and sufiiciency of which are hereby acknowledged), 
have remises, releases and forever quitclaims, and by these presents do remise, release and 
forever quitclaim, unto OWNER, its successors and assigns, any and all manner of liens, claims 
and/or demands whatsoever which the undersigned now has, or might or could have, on or 
against the Facilities, or OWNER for work done, for services performed or furnished or for 
equipment or materials furnished in connection with the Project installation. It is the intent of 
this Release that OWNER, its successors and assigns shall and may hold, have, use and enjoy the 
Facilities free and discharged from all liens and demands whatsoever which the undersigned now 
has, or might or could have against the same if these presents had not been made. 

IN WITNESS WHEREOF, the undersigned has hereunto set its hand and seal as of the 
--- of-  2 19-- written. 

( S E W  -.~- __I_ 

(Company Name) 

Dated: [ 1 BY: ~ 

Title: 

Sworn to and subscribed before me, a Notary Public, this day of 
-) 19-. 

(SEAL,) 
Notary Pubic 
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4 / 0 6 / 9 8  9: 

From: Greg Heitzman / THRD4 
To: Karen W i l l i s  / THRD 
Sub jec t :  B luegras s  Water Supply P r o j e c t  
--____--------------_____________l____l -__ ---NOTE===============4/03/98==5:25pm==5:25pm== 
I reviewed Alan ' s  memo on t h e  36", 42", 
48" supply.  The a t t a c h e d  p r o f i l e  graph 
d i d n ' t  make much s e n s e  t o  m e .  I t  
appeared t o  be  d a t a  on t h e  36" main a t  
2 3  MGD. 

B a s i c a l l y  I need 3 p r o f i l e s  showing 
p r e s s u r e ,  e l e v a t i o n ,  hyd grade,  from 
Eng l i sh  S t a t i o n  t o  S h e l b y v i l l :  one f o r  
3 6 " ,  42", 48". 

See i f  Alan can assemble t h e s e  
p r o f i l e s ,  t h e n  you, Alan and I meet 
next week, a f t e r  WSWD/Clark S t a t i o n  mtg 
t o  d i s c u s s .  From t h e  graph I have it 
appears  w e  need t o  d r a f t  a le t ter  t o  
X-A a d v i s i n g  t h a t  o u r  a n a l y s i s  
i n d i c a t e s  2 3  MGD by g r a v i t y  i n  36" main 
from Engl S t a t i o n  840 g rade  w i l l  cause 
p r e s s u r e  t o  drop below 40 p s i  a long t h e  
rou te ,  and pumping i n  J e f f e r s o n  County 
may be  r e q u i r e d  t o  avoid impact o n  
e x i s i n g  customers.  
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To: Karen Willis 

From: Alan Arbuckle & 
GatG: April :5, :993 

Re: Kentucky-American Water Company Service 

The attached graphs are the hydraulic grade and static pressure profiles for the 
proposed Kentucky-American Water Company service. Assumptions were: 
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English Station/US GO/Railroad/Conner Station/Natural Gas Pipeline 
route from the English Station Reservoir to the City of Shelbyville. 
Installation of a 36-inch, 42-inch or 48-inch transmission main along 
entire route. 
For the graph that does not include a pump station, the initial hydraulic 
grade is 840 feet at the English Station Reservoir. 
For the graph that does include a pump station, the initial hydraulic grade 
at the discharge of the proposed pumping facility is 940.67 feet (840.00 
feet + 100.67 feet). 
Elevations were obtained from LQJIC data at 100-foot spacings within 
Jefferson County and from USGS maps for areas within Shelby County. 
Flow of 23.0 MGD in the transmission main. 
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The pumping facility head was determined by finding the lowest pressure that 
occurred without a pump station for the 48-inch transmission main (-3.58 psi) 
and calculating pressure needed to obtain 40 psi at that location (43.58 psi or 
100.67 feet). On the graph with the pump station, the other two main sizes will 
have areas of pressure below 40 psi since higher pump station heads are 
required to obtain 40 psi. These head values are 1 77.26 feet for the 42-inch 
main and 204.76 feet for the 36-inch main. Discharge grade needed at the 
proposed pump station to obtain 40 psi is 957 26 feet for the 42-inch main and 
1044.76 feet for the 36-inch main. 

The charts appear busy. Each graph includes three pressure curves, three HGL. 
curves and one elevation curve. The pressure and HGL curves for each main 
size are the same calor to improve interpretation 



From: Karen Willis / THRD 
To: Alan Arbuckle / THRD 
Subjedt: fwd: RY-AM HGL ....................................... 
===NOTE===============4/17/98==2:41pm==2:4l~m== 
Received what you sent over - thank you 
very much €or the extra effort on this. 
Hopefully GCH will like it too. 

Ky-American is asking to see thie 
profile, but I don't want to send them 
the entire thing. Can you modify the 
profile back to the very 1st one you 
did, where it only shows the 36-inch 
main, no graund elevation line or flow 
curves? The ane that T had that you 
did originally I marked on, so I just 
really need another copy of it. 

If you have any questians, leave me a 
voice mail message. 1'11 be out most 
of next week with the annual 
inspection. Thanks. 

Fwd to: Karen Willis / THRD 

Yes, I will place in your in-box today. 
Your welcome, I enjoyed doing it. 

Fwd=by:=Alan=Arbuckle================== 

....................................... 
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LOUISVILLE WATER CC)MPANX? 
435 S O U T H  T H I R D  S T R E E T  * L O U I S V I L L E ,  K E N T U C K Y  4 0 2 0 2  

r E L  5 0 2 - 5 6 9 - 3 6 0 0  FAX 5 0 2 - 5 8 5 - 2 8 0 6  
JOHN L. HUBER 

P R E S I D E N T  

Ms. Linda Bridwell 
Kentucky American Water Works Company 
2300 Richmond Road 
Lexington, KY 40502 

Dear Ms. Bridwell: 

Please find enclosed a graphic showing the estimated static pressure and 
hydraulic grade line for the proposed transmission main route. The route begins 
at the LWC’s English Station Reservoir and ends at Veechdale, Kentucky. 
Please forward to Mr. Dave Reeves. 

Sincerely, 

& d e  
Alan N. Arbuckle. P.E. 
Long Range Planning and Capital Improvements 
Enclosure (1) 

ana 
cc: Ms. Karen Willis 

An Equal Opportunity Employer 
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