
EXHIBIT A

Affidavit of Don Raveling



Exh. MDU-A
Page 1 of 6

UNITED STATES OF AMERICA
BEFORE THE

FEDERAL ENERGY REGULATORY COMMISSION

TATANKA WIND POWER,LLC,

Complainant,

v.

MONTANA-DAKOTA UTILITIES
CO., a division of MDU Resources
Group, Inc.,

Respondent.

)
)
)
)
)
)
)
)
)
)
)

Docket No. ELIO-41-000

AFFIDAVIT OF DON RAVELING
ON BEHALF OF MONTANA-DAKOTA UTILITIES CO.

DON RA VELING, being first duly sworn, on oath, deposes and states as follows:

I. My name is Don Raveling and my current address is 9115 Baine Drive, Bismarck, North

Dakota 58503.

2. I was employed as a Senior Staff Engineer for Montana-Dakota Utilities Co., a Division

of MDU Resources Group, Inc., ("Montana-Dakota") up until my retirement on

September 1, 2009. I was employed by Montana-Dakota for 37 years. During that time I

held various positions of increasing responsibility.

3. I received a Bachelor of Science degree in Electrical Engineering in 1972 from North

Dakota State University.

4. I reviewed the affidavit of Iker Chocarro and the supporting attachments in preparation

for this affidavit.

5. As a Senior Staff Engineer for Montana-Dakota, I was responsible for reviewing and

commenting on the system protection aspects of generator interconnection requests on
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Montana-Dakota's transrrtission system. Montana-Dakota is a member of the Midwest

Independent Transmission System Operator, Inc. ("Midwest ISO") and all

interconnection requests to the Montana-Dakota transmission system would be submitted

directly to the Midwest ISO.

6. I first became aware of the project sometime in 2002 or 2003 when another Montana-

Dakota engineer asked me to do a small fault study for a proposed 180 MW wind

generation facility. My next involvement with the project was in connection with the

negotiation and drafting of the appendices to the Large Generator Interconnection

Agreement (ULGIA"). My understanding was that the project was placed into suspension

sometime after the LGIA was finalized. As a result, did not have any further

involvement with the project until October 2006 when received a call from Bill

Barnhardt, a Senior Project Manager for HDR, Inc., an architectural, engineering and

consulting firm, who informed me that his company had been hired to perform the design

work for the generator interconnection facilities and network upgrades identified in the

LGIA.

7. On October 16, 2006, I sent Mr. Barnhardt an email with attached drawings of the

facilities that Montana-Dakota uses for the construction of similar interconnection

projects. I also attached detailed specifications for the design and construction of the

facilities to be installed at the substation. I have attached that email and attachments to

this affidavit in Exhibit A.I.

8. On December I, 2006, I received an email from Mr. Barnhardt in which he attached a

one-line diagram of the design for the substation. He also indicated in that email that we

should have a face-to-face meeting to discuss the station layout. After review of the one-
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line diagram included in the December I email, I immediately noticed that the design for

the substation deviated substantially from the design specifications I had included in my

October 16 email as well as the specifications set forth in the LGlA. I have attached the

December I, 2006 email and one-line diagram to this affidavit in Exhibit A.2.

9. Shortly after receiving the December I e-mail, I spoke with Mr. Barnhardt and informed

him that the one-line diagram deviated substantially from Montana-Dakota's design

specifications and that the substation design was unacceptable to Montana-Dakota. Mr.

Barnhardt said that his client was paying for the design work and the construction of the

facilities that were being built and, therefore, he· did not need to follow Montana-

Dakota's design specifications.

10. In particular, during my initial conversation with Mr. Barnhardt and in subsequent

conversations, I identified the following major deviations from the Montana-Dakota

design specifications:

• The proposed physical arrangement of the substation was not adaptable to a

future breaker and one-half arrangement.

• The physical arrangement of the substation called for three (3) 230 kV line

switches to be installed. These line switches were not included in the original

design work and were never installed at the substation.

• The design specifications did not include a Station Service Voltage

Transformer (SSVT). The failure to install an SSVT at the substation poses

serious reliability issues if the substation loses power.

11. In addition, on January 31, 2007 I sent an email to Mr. Barnhardt in which I addressed

the phasing necessary with respect to the substation three circuit breaker ring bus. I
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informed Mr. Barnhardt that the proposed arrangement was not very adaptable and that

Montana-Dakota preferred a north to south configuration. I received an email from Mr.

Barnhardt that indicated he could not meet our specifications with respect to the phasing.

I have attached that email to this affidavit in Exhibit A.3.

12. Because of the substation design flaws I identified and communicated to Mr. Barnhardt, I

never formally approved the design work that was presented to Montana-Dakota for

review. While I did provide comments to Mr. Barnhardt on certain aspects of the design

of the network upgrades which, to the best of my knowledge, were followed, the major

design work for the project did not meet the detailed specifications I provided to Mr.

Barnhardt or the design specifications contained in the LGIA.

13. In addition, I raised the following major substation design flaws with the projects general

contractor, Mortenson Construction, following a final walk through of the project prior to

energization:

• The size and configuration of the control house located at the substation was

included in the design specifications, but these were not followed resulting in

an unreasonably small control house for the type and size of substation

constructed.

• The current-type terminal boards that were installed at the substation deviated

from Montana-Dakota's design specifications and the specifications contained

in the appendices to the LGlA. These terminal boards posed serious

reliability issues. For example, there was a risk that the terminal boards could

short the incorrect circuits or open a circuit instead of shorting it. We were

concerned enough about this problem that we replaced all of the terminal
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blocks which had incoming currents with our conventional four circuit

shorting block design.

• The station ballery that was installed at the substation was a Nickel-Cadmium

rather than the Lead-Acid that was set forth in Montana-Dakota's

specifications.

14. To my knowledge, Montana-Dakota has not formally received a copy of the final "as

built" drawings of the substation. I never formally approved the "as built" facilities,

including the substatioD or any other network upgrade associated with this project.

15. This concludes my affidavit.



COUNTY OF BURLEIGH

STATE OF NORTH DAKOTA

)
)
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DON RAVELING, being firsl duly sworn on oath, slales Ihat he caused the foregoing

document to be prepared and that the. statements appearing therein are tnle to the best of his

know)c:d~t;. iufunmltiun. and belief.

~I"

J/~~~:::::::::::~
Don Raveling

Slmsr.RIRF-J) ANO SWORN TO before me til is?&. .b day of.Febnm,y, 20 I0

NOlary Public

SHELLEY R. VETTER
Notary Public

State 01 North Dakota
My Commission Expires May 10. 2013"-'........."..............,.-~.,.-
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From:
To:
Date:
SUbject:

Bill,

"Raveling, Don~ <don.raveling@mdu.com>
"'Barnhart Sr.• William E..- <VVil1iam.BamhartSr@hdrinc.com>
1011612006 10:38:08 AM
RE: G132 Tatanka VVioo Energy Project· SpecifICations sent 101606
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Because the interconnection will be at a 230kV switching station consisting of three·230kV circuit breakers
in a ring bus configuration, there is no diffICulty wilh the 230kV grounded wyef34.5kV grounded wye
transformer. This transformer must of course include a delta tertiary for third harmonic suppression, and
also so it will be a zero-sequence source.

I attached two zip files. One of typical drawings, the other of MDU specifications. Please call as questions
arise.

Don Raveling, P.E.

Sr. Staff Engineer· Electric Substation Depl

Montana-Dakota Utilities Co.

400 N. 4th Street

Bismarck, ND 58501-4022

phone: 701-222-7680

fax: 701-222-7970

email: don.ravellng@mdu.com

From: Barnhart Sr., William E. (mallto:Wil1iam.BarnhartSr@hdrinc.com]
Sent: Monday, October 16, 2006 g'10 AM
To' Raveling, Don
Cc: Ford, Henry; Pal Sims/Mortenson: Kevin.Deters@mortenson.com
SUbject: Tatanka Wind Energy Project
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Good morning Don,

I spoke to you last week about this project and to Henry this moming. Henry indicated that you sent the
previous owners of this project an email package indicating your specifications and requirements for the
interconnect substation. Henry thought you may be able to forward that same package to me.

Also, I wanted to confirm lhal MOU has no concerns about having a 230kVgrounded wyel34.5 grounded
wye transfonner installed at the collection substation. The delivery of these transformers is critical and we
want to release the order this week I understand that this has been previously approved by MOU; but I
want to be sure because some utilities woo't allow a wye-wye on their transmission system.

Please confirm Ihe wye-wye is acceptable. Thanks.

Bill

Bm Barnhart, Sr. P.E.

Senior Project Manager

HOR ONE COMPANY I Many Solutions

2913 Millennium Circle. I Billings, MT I 59102
Phone: 406.669.49371 Fax: 406.652.2758
Email: wIUiam.barnhartsr@hdrinc.com

cc: -Ford, Henry- <Henry.Ford@mducom>, 'Pat SimsIMortenson'
<Pat.Sims@mortenson.com:>, "'Kevin.Deters@mortenson.com'- <Kevin.Deters@mortenson.com:>
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Ellendale Jct Substation 230 & 115 KV Protective Relay Tripping Schedule
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• HOME • A80II1"U$ • CONTACT US

ORD£R liST LOGOvt

SSVT Product Line

-. FI5liio.ACIt " fi$WSSTAND • U.Q

aAvaiiable IrM:ntory
~taIogs& Brochures
DSlrbJIion Translonn8l's
:EI~ Busbar Systems
Slnstrumenl Tl'ilnslonners
-SSVT Product tile

6,pplicatia.s Training Plcgfams
--<;CT"s & Iso-Phase Bus CT"s
---Kuhlman Meche PartneITJlip
-Three Phase VT Kits
:lPower Transfomlefs
:lSeMce Programs
%Tlansfoflner Coolers & Pumps
%Tlan:sfonner Monilor /I. ConllOb

Station SelVice Voltage Transformers
Reliable POWER Direct from Transmission Lines!

Bring your installation down to size and budget using Kuhlms
Electric's Type SSVT Station Service Voltage Transformer

• Low cost alternative to distribution feeder construction.
• Low profile, compact design, power-rated transformer.
• Power ratings up to 100kVA, available with isolated metering windin!
option.
• Reliable transmission voltage access for substation power.
• Special designs easily accommodated for different low voltages and
outputs.
• Isolated windings for flexibility in making various required secondary
connections.
• High seismic withstand capability.
• Short lead-times.

SSVT Product Information F

A Kuhlman station service voltage transfonner (SSVT) combines ttie
characteristics of a voltage transfonner with convenient power capabili
This provides a fully insulated transformer up to 230kV with power .­
performance up to 100 kVA. The standard design can withstand 1·73%
voltage for 1 minute (230kV designs are rated for 140% over voltage p
C57.13 group3).

This combination allows direct connection to the high voltage
transmission line in an economical, conveniently installed, pedestal
mounted transformer. The transfonnation is directly from the high volta
primary down to the low voltage output that supplies 125/250 VAC poy.

https://www.kuhlman.com/navigation.asp?pathlDs=10,21 ,1643&selectedID=1643 1111612004
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up to 600 VAG, if specified) to drive lighting loads, motor loads, and
instrumentation.

Typical secondary ratings available: 115 vae, 120/240 vac, 277 vac, 2.l
vac, 600 VAG. Gontact us at 800-274-6960 for other configurations.

APPLICATIONS

Switching Station Application The station service voltage transfomlE
mounted onto a pedestal with primary tied to the transmission line. ThE
secondary control wiring is connected to the station power panel. Self­
contained power from transmission line, reliability assured.

• Can be used for metering or bus potential
• Eliminates reliance on outside power sources

Remote Cell Tower Site Application It is often required to site cell tal
in remote locations for repeating the phone transmissions. A tap can b­
taken from the transmission line to the station service voltage transforr
This offers you substantial cost savings over installing a dedicated
distribution feeder.

• User advantage of power purchases at transmission level
• Avoid costs of tower permits by using existing towers
• Avoids Outages

Reliable Power From Transmission Voltage Eliminates reliance on
outage- susceptible distribution lines, or power transformer tertiaries fa
control power by placing SSVTs within the substation. Power supplied
within the substation. improving reliability.
• Returns power tertiary windings to control harmonics
• Dual function in one unit as a power source and metering

Transmission Une Ughting Application Used to power aircraft cleal
lighting on transmission towers crossing a river for security and safety... .
purposes. Our SSVT has been mounted on towers and used to providl
lighting power up on the tower.

• Reduced total installed cost for application ,"
• Limited installation to a compact space up near transmission Iin,e
• Less control wiring to reduce future problems

Transmission Switch Automation Application Service voltagE' '
transformer used with power rating and a metering winding, to get bott
control power and tap voltage indication for monitoring circuits for $CA
for automatic switch use. .

• Reduced space & installation timing on compact switch structure
• Self-contained power from transmission line, reliability assured

https:/Iwww.kuhlman.com/navigation.asp?pathIDs=I0,21,1643&selectedJD=1643 11/16/2004
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• Used for metering circuit if primary metering is needed
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SSVT Winding Options
The standard station service (power only) voltage transformer has two
isolated secondary windings that can be either series or parallel cdnne
for different voltage output. These coils are series connected when shi
but hardware is provided for parallel connection. Also, one or two addU
tapped meterings winding, or an auxiliary control winding can be $uppl
with isolation from the power coils to minimize voltage fluctuations.

Winding variations shown below are: Fig. A (Power + Metering), Fig. B
(Power Only), and Fig. C (Power + Control).

https://www.kuhlman.com/navigation.asp?pathIDs=10).1 , I643&selectedID=1643 11/1612004



Kuhlman Electric Corporation - Transfonner Solutions For A Changing World

Exh. MDU - A.1
Page 60 of 147

Page 4 of5

Power + Metering
C57.13 Group 3

Line

Fig. A

Power Only
Single Secondary

•

Power Only
C57.12 Distribution

Une

•

Fig. B

Optional Isolated
Auxiliary Winding

i.,
0.

Fig. C

[
[

< .

https:l/wwwJruhlman.comlnavigation.asp?pathIDs=10,2] ,1643&selectedlD=1643 11/16/2004
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SUBSTAnON SPECIFICAnON
230kv Ring Bus Wind Farm Substation
MONTANA-DAKOTA UTILITlliS CO.

A Division of MDU Resources Group, Inc.

The following substation shall be delivered to:

Supplier shall design a substation, provide structures of a low profile design, all insulators, bus work, connectors.
swilches, lightning arresters. and other materials required-, which would function similar to that shown on lhe
Purchaser's drawing(s).

General Requirements

The station shall be designed such thal all indicated future bays will be available for Purchaser use. Future plans
for this station include the potential expansion to operate as a breaker-and-a-haJf bus arrangement.

Purchaser's drawings are provided as a reference. Supplier designs whkh operate in accordance with the
station one-line (Dwg 08312004-1) and results in modifications to Purchaser's drawings may be
acceptable. The station design must fit within a reasonable area and provide safe clearance between
equipment and fence for personnel and trucks to pass. Trucks must be able to drive completely around
station structures to accommodate installation and removal of equipment. At a minimum, clearances
must meet NESC-C2 requirements. The distance between any station structure and the fence shall not
be less than 40 feet. Variance from bid drawings must be approved prior to acceptance of design and
bid.

The design shall be low profile utilizing wide flange beam or square, round or octagon lube construction. lattice
type structures will not be acceptable. Strucrure malerials shaH be either galvanized steel.

Line towers and other structures, which will bear a heavy moment load. shall be designed such that foundations
will be subjected mainly to uplift and compression loading.

All structures shall be designed to limit the relative movement of electrical equipment tenninals or switch
leoninals to j" maximum· in any plane under equipment operalion and/or bare wind loading.

General structures are to be designed (0 utilize drilled caisson type foundations of a maximum diameter of 36"
wilh maximum bolt circle 2S". The preferred drilled pier foundation diameter is 26"with a maximum bolt circle
of IS".

Lightning protection shall be 45 degrees with the vertical.

The structures shall be designed to withstand a wind force of 25 Ibs. per sq. f1.

Conductor loadings to be 1/2 inch ice with a wind force of 8 Ibs. per sq. ft.

All structures mUSI be designed to meet or exceed the latest version of ANSI C2 safety factors in conjunction
with all loadings and other conditions specified. '

Design Parameters

230KV Deadend Design Parameters

Deadend towers 10 withstand unbalanced tension due to any onc outside conductor breaking.

l:>hase wire tension of 5.000 Ibs. per conductor +/-] 5 degree from straight pull-off.

Static wire tension of 2,500 Ibs. per wire +/-15 degree from straight pull-off, with 2 static wires per line deadend.

-_.__ ._. _.
SUBSTATION SPEOACAll0N
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Insulation Level

SUBSTAnON SPECIFlCAnON (CONTINUED)
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230KV section shall have equipment and equipment spacing rated 900KV Bu...

Minimum Clearances

230KV

Vertical Between Hom Vertical Break
Between Live Clearance From Gap Switches Disconnect

Between Live Parts and Foundation to and Expulsion Switches and
Parts Ground Live Parts Power Fuses Bus Supports

89" 76" 15'-0" 192" 132"

Fault Duty

230KV

Current Capacity Ratinas (Minimum)

Design Fault Duty

4,OOOMVA

Actual Fault Duty

1830MVA

"

230KV SECTION CONDUCTORS CONNECTORS SWITCHES

Main Rin~ Bus 1,200 1,200 1,200

Transformer Tap 1,200 1,200 1,200

Line Taps 1,200 1,200 1,200

Conductor and connector current ratings are to be based on a conductor temperature rise of 30 deg C over an
ambient temperature of 40 deg C.

Switch current ratings are to be nominally rated based on a maximum temperature rise of 53 deg C increase over
40 deg C design.

All bus tubing minimum sizes are specified on Purchaser's drawings. Larger sizes may be used if span lengths or
loadings required.

Material Specifications

Switch & Bus Support Insulators

Standard station post, light gray color as follows:

230KV: 900KV BIL, 5" Bolt Circle, T.R. 304

Single piece, or multicone type insulators will not be acceptable. Specify insulator types to be supplied (subject
to Purchaser approval). Three spares of each type insulator shall be included.

Switches

The attached General Switch specification indicates the general requirements for any three-pole, group operated,
disconnect switch. All switches are to meet ratings according to Current Capacity Table included~in these
specifications.

Switches to have continuous current ratings of 600, 1200, 1600, or 2000 amperes as previously specifiep~ AU
group operated switches shall be equipped with arcing horns. The live parts may be either copper or aluminum.
Switches to be equipped with operating mechanism as follows:

230KV - gear operator

SUBSTATION SPEOFlCATJON - PAGE 2 OF8
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SUBSTATION SPECIACA1l0N (CONT~IN...U",EU~)c.- _~~ ~_~ _

The foIJowing table indicates switches which may be used, providing the switches meet the general switch
specification for group operated s\\:itches referenced above. h should be noted that unacceptable switches are
also indicated.

Center Break
ManufaclUrer Verti~~~eak Double ··v..

S~~\~:;t
Hookslick Center

GroUD I rared Break GrouD Ooeraled Grou caled Break

ABB T&0 Power Co. TIR6 TIT DRV A7A HPL DR
CleaveJand/Price V2-CA DB-C RL-C lCo-C

V2-C RBI
V2-HC RBO-C

Soulhem Siaies AVB,eVB DEB CBL-T **. SSB .... HS CCB
TA (10 72kV) DBL CBL-2 (10 12kV} HA ACB
EV;EVI RDA-I ACD-2··· 57L PBO ACB-2

WT""
G.W. Electric MK-40A _. 80 LPV PMB-40A B2MV LPC

MK-40" PMB-4Q

USCD AVR _. -- GCH-V ** ASB ** HH·6 GCH
AGCH-V ** GSH HH-6V AGCH

Roval AVB V SB (10 46kV) BT CB

Pascor VBP, VBS

Johnson· VIP. VIP-A DSB HPT

* lndicates approval for gaining experience.
• >11 Indicates thaI manufacturer's slandard switch does not meet Montana~Dakotaswitch specs.
*""" Not Approved

Specific requirements:

_'_1_ - 230KV vertical break switches. (ReOe<:ts switches shown on 08312004-1)

Bell Insulators

Bell insulators shall J:>e 10" diameter, standard baH and socket construction, light gray colOr as follows:

23QKV: J6 units per horizontal string, 14 units per vertical string

Anchor Bolls
,-' .

All necessary anchor bolls shall be provided by supplier. All anchor bolts shall be supplied with two (2) nuts and
two (2) nat washers each for leveling of structures. No grout will be used under structure base plates.

Arresters r

Arresters shall be metal oxide, porcelain or polymer construction. Arresters to be light gray in color.

MCOV RATINGallLINE VOLTAGE (230KV SECTION nomm

Transformer 230kV L-L 144 kV MCOV Station Class
,

230KV Lines 230kV L-L 153 kV MCOV Station Class

Acceptable Arrester Suppliers:
- ABH - Siemens - Cooper - Hubbell I O.B. - Joslyn - General Electric

Supplier shall provide mounting bolts with each arrester. Mounting plates are approximately 3/4~ thick_

SUBSTATJON SPECIACATJON - PAGE 3 DF8
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SUBSTATION SPECIACAll0N (CONTINUED)

Connectors

Deadends of strain buses internal to the station utilizing either aluminum or ACSR cable shall be Alcoa
compression deadends. Line terminations shall be Alcoa compression deadends.

Conductor tenrunals shall be Alcoa compression fittings for all ACSR and aluminum cable, except tee connectors
are to be bolted main to 2 or 4 hole NEMA pad tap.

Tubing to tubing connectors shall be bolted type.

Expansion finings are required on bus connectors to equipment bushings, arresters, switches and any other points
of expansion as required. Expansion connectors to be of the type using flexible laminated straps. Aexible braided
type straps are nol acceptable. Expansion fittings shall only be installed in buswork at a point of support. Bus
support slip fittings are allowable on bus work runs to provide for expansion. Slip fittings are to be
mounted only on bus supports.

Supplier shall furnish a minimum of 3 spare compression connectors for any compression type connectors having
necessary quantities of ]2 or more.

Bolted connections shall be made up as follows:

Aluminum pad to Aluminum pad - Stainless steel bolts, flat washer, Belleville washer & nut.

Aluminum pad to Bronze pad - Transition pad, stainless steel bolt, flatwasher, Belleville washer and nut

Bronze pad to Bronze pad - Silicone bronze bolts, lockwasher and nut

Copper cable shall use bolted connectors.

Slatic wire shall have strain clamp deadends and bolted connectors for connection to 4/0-- 19 strand copper
ground wire.

Tubing to wire connections shall be tee connectors, bolted tubing main to 2 or 4 hole NEMA pad tap.

End bells or plugs to be used on aJltube conductors_

Supplier to furnish Alcoa joint and filler compounds as required. Filler compound to be used in compression
terminals. Joint compound to be used on all aluminum to aluminum and aluminum to bronze bolted connections.

Bus Damper

"SIZE without DamOf>.r Cable used for Damnt>.r Cable

'" 5'-0" 4/0 ACSR
I 114" 6',0" 4/0 ACSR
I 112" 7'-0" 4/0 ACSR
2" 9'-0" 266.8 ACSR
2 In" 11'-0" 266.8 ACSR
3" 13'-0" 266.8 ACSR
3112" 15'-0" 397.5 ACSR
4" 11'-0" 795.0 ACSR
41/4" 19'-0" 1,113.0ACSR
5" 21'-0" 1,431.0 ACSR
6" 25'-0" 1,590.0 ACSR

Aluminum tube bus to contain ACSR cable for vibration damping when runs arc longer than those listed in center
column. Lengths apply to both Schedule 40 and Schedule 80 tubular bus.

NOMINAL PIPE Maximum Safe Span Length Minimum Size ACSR to be

Aluminum lube bus loaded deflection between supports shall be limited to the diameter of the tube. Each ACSR
wirt size used shall have a minimum 100 feet spare furnished.

SUBSTATION SPECIACATION - PAGE 4 OF8
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SUBSTA1l0 SPECIFlCATIO (CO rnNUED)

Line Deadends

·11 be fth fi Uetors Wi 0 e 0 OWlD2 sues:

Design Section Conductor Static

230KV Lines 795 ACSR 45n (Tern) 3/8" EHSS

Transmission lin condu

upplier to fumish tranSmISSion line deadend provlsJons in structures uitable for ball clevis altachrn nt.
Transmission line deadends will be Alcoa compre ion deadend (provided by Purcha r for the siz listed
above. These deadends are single tongue and hav NEMA pads standard for the conductor size. Suppli r to
furnish conductor for jumpers of a minimum ize equalLo the line conductor, and all jumper terminals.

Jumper terminal that will be attached to deaden mu have pads compatible with pads on deadends.

upplier to furnish strain clamp deadends for all latic wires and bolted connecLo for c nnection Lo 4/0 - J9
trand copper ground wire.

Grounding

Ea h structure leg to ba e drilling for tandaTd 2-h Ie NEMA grounding pads.

'upplier to pro ide single switch operating platforms for aU swilch trncrores as per allached Galvanized teel
S itch Mat d Latl drawing.

Supplier to provide bolted tructure terminator and nnectors as required for 4/0 - 19 trand copper ground
conductor. A continuous length of ground conduct r will be attached Lo a structure leg, xLend up the structure,
and be connect 10 any static wires lightning aIT lers, PT' C VTs, ITs, or oth r equipment requiring
grounding blch j mounted on th tructure. Supplier to furnish aJl drilling and connecto for these ground
c nductors at approximately 4 f, Lintervals.

, upplier to provide aU 4/0 - J9 trand oft drawn copper ground condu LOT, VO - 7 trand soft drawn copper
ground conducto, ground r 2-Ho1e 8 gr und Lerminal fence ground lamp and belo grad
exothermic conneclions 10 compl te sLation ground grid.

41 copper hall be used within the sob tation fco ed area. 1/0 copper shall be used LO form a ground perim lee
,p roximaLely 3 feel outside the fenced area. 110 copper shall be u ed to connect switch ard ground bus, with
I· JlO copper conductor to each witchboard abineL A 4/0 copper c ndu tor shall form a "loop" within the
control bouse for grounding all quipment in ide the c ntro) bous . VO or 4/0 copper jumpers, with exolh rmic
connections to Ihe 4/0 copper loop, shall connect individual piece of equipment as required. Jump r will be
connected to equipment using olted connections.

Bus Supports

Bus upports used at tap location of ring bus hall be de igned 0 thaI th bus can be tapped in any manner.

Bus supports u at future s 't h locations shall be d igned such thaL th stands wilJ accommodate insta!Jation
offuruTe 'teh on tbeus u port tructure iL elf or on the bus upport foundations.

Lighting

'upplier to fumi h yard floodligh 10 provide adequate lighting for nigh constru tion r inspection activiti
.Ighting standards are to be constru Led as per standard drawing. Lighting standard are Lo be placed in the

sub lation yard to provide lighting over all buswork and equipment. Lamp ballasts shall be 240 VAC, 400 wall
Metal-Halide bulbs, with varying MA beam iz s, wiLh knuckle typ lipfiuer mounL onto 2 W' galvanized
steel pipe (similar to GE Type P OOC Power-flood).

Conduit - Above Grade

above grad c nduiL hall be h L-dip gal anized threaded
c nduil sizes shall range from maximum 4" to breakers ilh

-------------------
lACATIO -PAGE50F8
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SUBSTATION SPECIACAll0N (CONTINUED,,-) _

multiple control cables down to minimum I W' conduit to devices with only I single 4 conductor JO control
cable. AClUal conduit sizes are a design decision based on number of control cables and the ability to easily pull
cables through conduits.

All PT's, CCVTs, freestanding Cis are to have aluminum or stainless steel NEMA type 12, continuous hinge
junction box mounted on each respective equipment stand, about 4 feet above the stand base. Provisions are to
be included on the equipment stands to mount the junction boxes. Junction box to include interior sub-panel.
Box to have no knockouts. Junction box is to be adequately sized to contain secondary fuses and terminal boards
for potential devices, and short-circuiting type terminal boards for current devices. Junction box and terminal
boards are used for terminating control cable between control building and equipment.

Conduit - Below Grade

Supplier to furnish ALL below grade conduit. ALL below grade conduit shall be Carlon Type DB, Schedule 40
or Schedule 80 depending on surface loading conditions with appropriate Carlon fittings. Underground conduit
sizes shall range from maximum 4" to breakers with mUltiple control cables down to minimum 1 1.41" conduit to
devices with only I single 4 conductor JO control cable. Actual conduit sizes are a design decision based on
number of control cables and the ability to easily pull cables through conduits.

Wave Traps and Coupling Capacitors

Deadend towers must be designed to be field adaptable to accommodate a wave traplcoupling capacitor
combination installation on any phase.

Deadend towers to have drilling at approximately 4 foot intervals for 15KV line post insulators used to insulate
5KV cable routed between line tuner and CCVT.

Deadend towers shall include provisions for mounting a line tuner cabinet on both outside facing legs.

Provisions for mounting a cable pull-box on Pf or CCVT stands approximately 3 feet above ground.

Station Service

Provide mounting stand, high voltage connections, conduit, and secondary connections for: I - single phase,
230kV to 1201240 volt, 100 kVA, Station Service Voltage Transfonner. ~Power Only" secondary windings
required.

Lightning Mast

Due to vibration problems with lightning masts, a covercd damper cable will be suspended from top of the mast
213 to 3/4 of total length. Purchaser will provide and install the cable. However, the top of the mast must-&
removable and a V-bolt with a 2" minimum diameter open area provided for installation of the cable as indicated
on the drawings.

Standard Conductor Sizes

The following is a listing of the standard conductor sizes used by Purchaser. Please select wire conductors from
rollowing table:

Copper Aluminum ACSR Aluminum Tube •

#6 Solid 3/0-7 strand 1/0-611 strand ,"
#4 Solid 336.4-19 strand 210-611 strand 11/2"

1/0-7 or 19 strand 4/0-611 strand 2"

210-7 strand 336.4-26n strand 3"

4/0-19 strand 397.5-2617 strand 4"

SUBSTATION SPECIACAllON - PAGE 6 OF 8
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SUBSTATION SPECI"'CATION (CONTINUED)

350-37 strand 477-26/7 strand

500-37 strand 795-45n ,Irand

750-61 stnlnd 954-45n strand

1000-61 sIrand II J3-45n strand

1431-45n strand

1590-45n strand

DRAWINGS & INSTRUCTIONS

Suppliel" to furnish three (3) sets of the following drawings with the quotation:

Station Arrangement· to include plan view and elevations

Material List (Material list shall include itemiu:d price & delivery)

Overall Package Price & Delivery

Suppliel" to furnish three (3) sets of the following drawings fOI" approval upon bid award:

Station Arrangement· to include plan view and elevations

Structure Loadings· to assist with foundation design

Anchol" Bolt Plan & List

Material List

Suppliel" to furnish ·five (5) sets of the following drawings as FINAL drawings:

·In li~u ofFive prinud S~/S, final drawings may be supplied in AUIOCADformal &: Two primed sets.

Station Arrangement
Instructions and Outline Drawings for all equipmenl supplied
Detailed Steel Erection Drawings
Detailed Steel Fabrication Drawings
Anchor Bolt Plan & List
Material List

CONSIDERATION OF BIDS

Until final award of the contract is made. the purchaser reserves the right to reject any and all bids. waive any
informalities or accept any bid or bids which. in the opinion of the purchaser's engineers. will serve lhe best
interest of the purchaser. The purchaser also reserves the right to accept or reject any alternatives that may,serve
his best interest.

Any exception to any part of these specifications must be nOled in the bid.

.
•
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SUBSTATION SPEClFlCATION (CONllN"UE"D,,)'--__. ~~ _

Separate Material Specification

The following material is required by the Purchaser. Negotiations between Purchaser and Substation Packager
will determine the provider of following items. However. in all cases, the Substation Packager is required to
provide appropriate mounting accommodations of equipment.

ALL transmission line deadend materials, including ball clevis, bell insulators, socket clevis andlor socket eyes
and single tongue compression deadends.

ALL static wire and connectors furnished with tennination of line static into station deadend structures.

Fence Materials & Installation

Control Building & Accessories

Concrete, reinforcing steel and foundation construction per foundation designs.

ALL Control Cable

1-24' x 48' Control house containing all interior materials.

Switchboard, comaining all panels, relays, alarming & control devices and associated wiring

9- 230KV CCVT's

3 - 1200 amp wave trap (pedestal mount)

3- 242KV dead tank SF6 circuit breakers

1-100 kva station service transfonner, Similar to Kuhlman SSVT 230kY-1201240 VAC

.,
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SUBSTATION

SWI IGHGI!AR SUMMARY

MARK QTY.
DEVICE

NO.
DESCRIPTION NO.
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SUBSTATION

SWITCHGI!AR SUMMARY

MARK OTY. DEVICE
NO. DESCRIPTION NO.
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SINGLE PHASE A.C. DISTRIBUTION PANEL
SPECIFICATIONS

Following AC Distribution Panel shall be delivered to:

230kv Wind Farm Substation

GENERAL SPECIFICATIONS

Single Phase 1201240 VAC Service - Solid Neulral

Panel to be Main Lugs only for #6-250 MCM Copper conduclor. Maiu Lugs 10 be a 2 conductor style 10

provide sub-feed capabilily for two (2) #6-250 MCM Copper conductors.

Panel to be bottom feed with sub-feed lugs.

Panel Bus to be 400 Ampere rated Mains and Main lugs

(Sub-feed lugs to be rated same as Main lugs.)

Branch Breakers to be of Bolt-on style. Single pole breakers to be rated 120 VAC, lO,OOO amp
interrupting. Two pole breakers to be rated 1201240 VAC, 10,000 amp interrupting. All branch breakers
rated 300 amps and above to have UL rating as HACR type for use with air conditioning, heating and
refrigeration equipment having motor group combinations.

Branch Breakers to be provided and factory assembled into Distribution Panel with the bus to be tapped
exactly as specified on Purchaser's drawing.

Galvanized steel box to have NO Knockouts

Minimum Box Dimensions: 20" wide x 7 1/4" deep, with gutters of 6" on sides and 15" on ends.

Panelboard is to be surface mounted NEMA 1# I enclosure wilh surface trim.

Distribution Panel 10 be complete wilh box, inlcmal copper bus, copper ground, copper neutral, all
branch breakers, trim & cover panels, wire trough and swinging cover door with metal directory card
holder. Distribution Panel 10 be factory assembled.

Non-UL listed Panel boards will be considered.

CONSIDERAnON OF OIl>S

It will be assumed that the manufacturer is quoting and will provide equipment in stnct conformance
with lhese specifications, unless the quotation includes a statemcnl and description of proposed
exceptions. Any exception to any part of these specifications must be noted in the bid. All bidders shall
supply Panel Type & Branch Breaker Type information at time of bid.

Until final award of the conlract is made. the purchaser reserves the right to reject any and all bids, waive
any informalities or accept any bid or bids which. in the opinion of the purchaser's engineers, will serve
the best interesl of the purchaser. The purchaser also reserves the right to accept or reject any altematives
that may serve his beSt interest.
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ANNUNCIATOR SPECIFICATIONS
Ref. #080403-JPH2

MONTANA-DAKOTA UTILITIES CO.
A Division of MDU Resources Groun. Inc.

Following Annunciator shall be delivered to:
Montana-Dakota Utilities Co.

ANNUNCIATOR OPERATING SEOUENCE

This 3nnuncialor will be used in an unanelldcd subslation and shall have: lbe fQllowing alarm sequence:

ALARMSEOUENCECHART

CONDITION FIELD CONTACT ALARM LIGHTS AUX CONTACTS

SteD I Nomul Ooen orr Ooen

Slep2 Alann Oosed On Closed

SteD 3 Rese. Closed On Closed

Step4 Return to Nonnal Ooen On Ooen

Step 5 Reset Ooen Off Ooen

S1e06 Lamo Test Ooen On Ooen

I. The alarm lighlS are to remain steady and locked-in subject 10 a manual reset.
No flasher or sound alarm required.

2. The auxili:uy contacts are 10 reflect lhe $latus of the field contacl, relay logic is used.

ANNUNCIATOR RATINGS

Operating Vohage: 125 vollS D.C.

Alarm Inpul$: Dry field Contact

Auxiliary OutpUt Contact Ratings: 30 milliamp. 125 VDC conlinuous rating.

30 milliamp, 115 VDC interrupting rating.

MOUNTING

The annunciator shall be constructed for semi-flusb switcbboard mounting.

SPECIFIC REOUIREMENTS

Nwnber of Alarm PoinlS

Number of Spare Blank Nameplates

Number of Spare Alarm LighlS

28

12

24

Annuncialor window engraving list will be supplied by Purc:basc.r. after award of purchase order.

CONSIDERATION OF BIDS

Until final award of the requisition is made, the Purchtlser reserves the nghl 10 reject any and all quotations. waive any
informalities. or excepl any bid or bids which, in the opinion of the Purchaser's engineers, will serve Ihe bcsl imen:Sl or the
Purchaser. The Purchaser also reserves lhe right to accept or reject any alternatiyes that may serve his best interest.

Any exception taken to any pan or these specificalions must be l'I()(ed in lhe quotation. or it will be assumed thaI the supplier
is quoting in slriCt conformance to these specifications.
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LEAD ACID SPECIFICAnONS

MONTANA·DAKOTA UTILITIES CO.
A Division of MDU Resources Group, Inc.

Following Battery shall be delivered to:
________ Substation

INTENT

This specification describes the technkal requirements of a ~ cell lead-acid storage battery to
supply control and emergency circuits. The battery will be connected across a suitable voltage regulated
charger and the continuous and emergency loads for floating operation.

Thjs battery shall comply with all the applicable published standards of ANSI & NEMA and any
additional requirements prescribed in this specification.

The battery shall be of the lead-calcium or lead selenium type having a fully charged specific gravity of
1.210-1.220 at a normal battery temperature of 77 F., with 200-250 ampere hour capacity for an 8 hour
rate of discharge.

Also to be supplied with battery are all battery connectors & hardware, onc pilot cell thermometer,
one hydrometer syringe with wall type holder & drip cup, one cell lifter, and one steel battery
rack, as described below.

SERVICE REQUIREMENTS

The battery will be installed in a suitable ventilated room. The ambient temperature will range from 60
deg Fto~degF.

BAITERYRACK

The battery rack supplied shall be constructed as a 2 step, continuous length, acid-proof steel rack.
Height and width dimensions shall be held to a minimum. Steel channel rails shall be suitably insulated
from the bottoms of the cells. All metal rack members shall be painted with two coats of acid resistant
paint.

The rack parts shall be suitably identified for quick assembly. Assembled height shall be such that the
lower step of battery tenninals is no lower than 30 inches and the upper step of battery terminals is no
higher than 42 inches. /"

CELL CONSTRUCTION

Containers ~

Plates -

Cell Covers -

Shall be clear plastic with high and low level lines clearly indicated and may have
one, two or three cells per container. On multi-cell containers, each cell must have
individual posts for testing and charging. Individual containers may not weigh.more
than 120 Ibs per container

The positive and negative plates shall be suitably matched in construction to deliver
the required capacities.

ShaU be of suitable material to effectively seal the cell with a permanent type bond to
the containers.



Cell Posts -

Vent Plugs-
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Shall be constructed to allow the escape of gases. but not of acid spray. Shall be
explosive proof design with permanent type snap-on covers for filling holes to
prevent dust entering the cell. One vent plug shall be suitable for mounting a
thennometer. One vent plug shall be suitable for mounting a hydrometer syringe for
pilot cell readings

These shall be of sufficient number and size to safely deliver the specified current.
Copper inserts shall be used when necessary to hold the voltage drop to a minimum
value. On multi-ceU containers the cell posts must be such that a single cell may be
bypassed in the event of the failure of a single cell.

Sediment Space - Ample sediment space shall be provided beneath the plates to eliminate the necessity
for sediment removal during the Efe of the battery.

Connectors - These shall be lead plated copper strips of adequate current carrying capacity to
connect the units in series. The inter-unit and terminal connectors shall be bolted to
the cell terminal posts with lead protected brass nuts and brass studs. Cells I. 30. 31
and 60 must bave connectors that will accept One 250 MCM stranded copper
conductor each.

.,
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BATTERY CHARGER SPECIFICATIONS

MONTANA-DAKOTA UTILITIES CO.
A Division of MDU Resources Group, Inc.

Following Battery Charger shall be delivered to:
________ Substation.

BATTERY CHARGER

The charger shall be of constant voltage design. Rectification shall be by semiconductors of the silicon
type. The charger shall be enclosed in a suitable metallic case, well ventilated, and equipped with
adequate provisions for conduit entrance from any side of the enclosure. The various parts of the
charger shall be readily accessible from the front for maintenance work and cleaning. All steel work
shall be carefully finished to remove all sharp edges and burrs, thoroughly cleaned, rust proofed and
painted with one coat of rust inhibiting primer and the necessary coats of finishing paint. The exterior
surface finiShing paint shall be ANSI #70 standard light gray.

The charger shall maintain a fixed voltage from no-load to full-load, with an allowable D.C. voltage
variance of + or - I% with an A.c. input voltage fluctuation of + or - 10%. For D.C. current demands in
excess of the chargers rated full load current, the charger voltage will drop allowing the battery to supply
the balance of the current above the chargers rating.

The charger shall be of such design that it can supply the rated current continuously, cannot be
overloaded and wil1 withstand short circuit without damage, the blowing of fuses or tripping of the
chargers circuit breakers.

Ripple voltage (nns) shall not exceed 100 millivolts with the charger connected to a battery with a
minimum ampere hour rating of four times the rated output current of the charger.

The charger shall provide a field adjustable (continuously, without taps) float and equalize voltages
which include the following ranges:

Nominal Charger Voltage Min. Float Voltage Range Min. Equalize Voltage Range

130 Volts D.C. 120.0 - 135.0 Volts D.C. 130.0- 145.0 Volts D.C.

Cl:targer nominal rating: 130 Volts D.C.. 25 Amps D.C

Input voltage: 240 Volts A.C., Single phase, 60 Hertz

Standard Equipment: (Mounted on the front of the charger panel)

- Meters (output) voltmeter and ammeter of + or - 2% accuracy to be provided.

- A.c. and 2 pole D.C. circuit breakers shall be furnished.

- Locations for connecting A.C. and D.C. supply shall be clearly marked.

- A.c. power "ON"' indicator light. ,
,.

- Ground detection lamp system, connected as continuous unswitched indicators. Indicating lights
used are to be supplied with one dozen spare bulbs for each type of indicating lJght supplied,

- Roat - Equalize switch.

Alarm Package: Loss of AC Power & Low DC Voltage Alarming shall be provided individually or as
part of a complete alarm system with alarm contacts wired to tenninal strips for customer access.

Drawings: Five sets of drawings and instruction books for the battery charger shall be provided.
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CONCRETE SPECIFICATIONS
MONTANA-DAKOTA UTILITIES CO.

A Division ofMDU Resources Group,lnl:.

SCOPE:

1. lbis spet;i£ication I:overs the mixing and pladng of Class B concrete. It includes requirements not only for
the cement, but also for the aggregate. adrni;otures and fomt>. Methods of placing concrete in cold weatber
are also covered.

GENERAL:

20 For tbe construction of acceptable and dumble concrete, it is essential that the five basic principles stated
below be adhered 10.

21 Provide sound cement and aggregates, with clean fresh water. and maintain the character of these
ingredients tbrnughouttheir storage and carriage to the concrete rOOrer.

2.2 Secure accurate proportioning and very thorough ~haoicalnIxing ofthese ingredients.

2.3 Regulate the water content for suitable plasticity of the concrete. while restricting to a minimam the
elTllJoyrn:nt ofwater as a vehicle for transporting aDd placing concrete.

2.4 Maintain the integrity and coherence of the plastic rross aU the way from the ~rto its final position in the
structure. There, the concrete shaD be deposited and cOfTlJactcd systcrrntically in layers or courses of
masonry effectively interbonded.

2.5 CofTlllete aU concrete by wet curing and positive prevention ofdrying. freezing and other harmful influences
for ten days after placing.

DEFlNmON OFTI:W1S:

3.0 Cement rrcans any comrercial brand ofPortland cement.

3.1 Cem::nl: The unit of m::asure shaU be the bag package containing 94 pounds of usable cerrent and will be
used as a voh.lme ofone cubic foot in proportioning ratios.

3.2 Cem:nt content is eJq)re5scd by the armunt required in a cubic yard ofconcrete in place.

3.3 Sizes of aggregates, herein specified, sball be detennirJed by passing them through a ring or screening
through plate metal perforations ofthe stated dia~tCJS. ,"""\

3.4 sand is tbat portion of the aggregate passing through the 1/4~ square ~sh or the 5/16~ dialreter round
openings and being 95 percent retained on a 100-mesh sieve.

35 Coarse aggregate is that portion o£the aggregate passing through the 1 1/4" dialreter round openings arid
being relained on lhe 5116" diamcterround opening or 114M squllfC m:sh.

3.6 Fineness modulus is a sirJllie indeJl nurmer wbicb bas been developed to indicate the si2x: and grading of­
aggregates.

To determine the 60eness ITDdulus ofan aggregate, it is necessary 10 nuke a sirrpie sieve analysis. A set of
U.S. Standard square m:sh sieves is used, each sieve having a clear opening double the width of the nellS'
smaller size. These sizes are 100, 50.30, 16,8 and 4 meshes per linear inch. and 3/8~, 314" and 1 112" The
pen::cntage of the aggregate, either by weight or by vohJ~,coarser than each sieve is measured. The sum
ofthese percentages divided by 100 is called the fineness rmdulus_
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The fineness nndulus of any mixture of two or more aggregates, such as fine and COaJSe, is !rerely the
weigbted average oftbe fineness moduJi of the separate materials. For eJaUIJple, if32% ofsand (F.M.=3.l5) is
mixed with 68% coarse aggregate (FM.=7.00), tbe fineness In>dulus ofthe mixture is:

IFineneSS Modulus (F.M.) = 32X3·:
00

+68X7.00 = 5.771

3.7 Proportioning ratios, such as 1:2:4, refer to voluJres respectively of cement, sand and coarse aggregate.
Proportions specified are approxirmte and are subject to adjustment for economic use ofavailable aggregates
in producing dense and durable concrete, which shaD have stated cem::nt content and compressive strength.

3.8 CoIqJressive strength sbaU be nEasured by the breaking stress peT square inch of end area of 6 inch x 12
incb cylinders properly lGlde, cured and tested in accordance with AJrerican Society for Testing Materials
Standards, hereinafter abbreviated ASTM.

3.9 SluJ1ll test i<; a test ofplasticity ofthe concrete. To petfonn a slufIll test, a standard slunp cone (a hollow 16
gauge Ireta] frustum of a cone l2P high with a base diameter of &" and a top diameter of 4") is placed on a
smooth level surface and filled in three equal layers with a representative sample ofa batch ofconcrete, each
layer being rodded 25 tirrns with a 5/8" diameter rod. The metal cone is then raised vertically and the
contained cone ofconcrete allowed to slump. The height of the sluJIlled pile is m::asured, and the difference
between this Jreasuremeot and the original 12" height is referred to as tbe inches ofslurJ1>.

3.10 Additives are chemical products added to the mix to alter the hardening rate, the plas ticity, the res istance to
frost action or the resistance to wetting and drying of salt solutions. Calcium chloride is an eJlarJ1>le of an
additive used in cold weather to accelerate the hardening, thus preventing frost damage in concrete.

CEMENT:

4.0 Portland cement and aU modified ceJrents shall confonn to the requirements of the current standard
specifications ofASTM and, in general, shall be Type 2, to resist soil alkalinity.

4.1 Cement shan not be accepted hot from the mills.]t haU have at least two weeks seasoning in bins at the mill
before packing for shiplttnt.

42 AU celttnt sban be adequately protected from the weather, in transit, in storage at the works, and until It
enters the concrete mbcer as a dry flour free from lu~s.

WATER:

5. Fresh water for mixing, cleaning and curing concrete shall be clean and free from any injurious aroounlS of
organic matter, oil, acid or alkaline sah.

SAND:

6.0 Sand of natural origin is preferred, but machine-made sand will be acceptable, provided that in all sand, the
constituent rock composition shall be sound, hard, inorganic and durable against weathering.

6.1 Sand shall be prepared for use by sucb screening, washing, or both, as will remove all vegetable or other
perishable substance and objectionable armunts of other foreign malter, while sizing the sand grains tOlthe
required gradation.

62 The prepared sand shan be clean and practically free from mica, shale, loose scale or adhesive clay. Not.nvre
than 5 percent of the sand volume may consist of sound mineral floUT, such as clay, silt or crusher dust,
provided such be well distnbuted and prevented from segregation in handling.

63 Sand shall be sized by screening through 1/4" square rresh or 5/16" round perforations. The granular
gradation sbaU be limited to not over 5% passing the standard 100 rresh sieve in addition to the permitted
clay or dust content. Acceptable grading ofsand (ASTM Designation C33) is shown in the following table:
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SIEVEANALYSlS

Fineness

I'S"ie"veICN"Oo..Jl'--J1I!!OO<L.L1_"''''--L1_1Il!!L_IL.lJ1'UI--"L.LI--'l4_lu1l"''--J!~3/'''4UI_l'''-WI12 I Modu Ius

%Ro,,;' 1,..",1 70-901 4>-731 20-S5hO-30 1 0-5 ! 0 ! 0 1 0 ! 2.35-3.'"

6.4 Sand SCreens shall be llDintained to size and tbe plant kept in full repair for effectual separation ofaggregate
sizes.

6.5 Salrples of the prepared sand, dried and corrpacted, shall have voids in tbe I1DSS Dot e)l[;eeding 33%, witb
fmeDess rrodulus between 2.35 and 3.5.

6.6 Sand failing in the standard colo~trictest shall 001 be used.

6.7 Sand baving a specific gravity below 2.60 shall not be used without special pennission of the Mootana­
Dakota Utilities Engineer.

COARSE AGGREGATE:

7.0 Crushed stones or gravel stones for concrete shall be clean, sound, hard and weathetproofin aD climates.

7.1 Such stones shall be prepared by screening, washing or both, for rerroval of aU vegetable and perishable
maller, together with loose scale or adhesive earth and all objectionable aIOOunts of structurally weak
elements. No coarse aggregate of less than 2.50 specific gravity shall be used without special investigation
and pemission ofthe Montana-I>.t1wta Utilities Engineer.

72 Coarse aggregate shaD be sized up to 1 112". Acceptable grading of tbe coarse aggregate (ASTM
Designation C33) is shown in the following table:

SIEVEANALYSJS

Per cent Coarser than Each Sieve Fineness

!.S""".'ICN",o"'..J!'--J'I!!OO<L.L1_"''''--L!_30!!L_ILl'''u!--''~.L1--'l4 --,lu3/"''--J1~3",14!...J.1 '--J1[o-'"-,/2 1 Modulus

'Y.Retain I 100 I 100 I 100 I 100 I 100 195-100170-90 I 30-651 0-5 I 6.95-7.60

ADDITIVES:

,. Cakium chloride, flaked and liquefied, added to the rrixing water in amounts not over rIo of the celrent
weigbt in each batch of coocrete. hlls been found useful in cold weather work for retarding lhe tef11)Crature
drop and accelerating tbe set ofcenent, while i:fqlroving pbsticity.

ClASS OF CONCRETE:

9.0 Class B concrete shall be designated on approved drawings and used in given structures.

9.1 Cbss B concrete shall have a cOf11)ressive strength of3ooo pounds per square inch when properly cured for
Dd~s. '

9.2 For smaU jobs under 25 cubic yards, Class B concrete may be proportioned, wilh Ihe approval of Montapa­
Dakota Utilities Engineer, as follows: 1:2:4 using 1 lIr or smaller coarse aggregate, requiring 6 sackS of
celrent per cubic yard and acquiring t~sted cOf11)ressivl: strength of3000 pounds per square inch in 28 days.

93 On jobs ellt:eeding 25 cubic yards, or at the dirl:ctioo oflhe Montana-Dakota Utilities Engineer, lhe mix shall
be designed 10 give the required strength, laking into consideration the sieve analysis of the aggregates
available.
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ASSEMBUNG:

10.0 AU nvterials for concrete shall be asseniJled at the mixing plant iu a unnner that will preserve their specified
qualities until eacb is rreasured out to the nixer.

10.1 Washed sand shaD be drained of its free water before going 10 Ihe stock bin at the nmr. If Ibe washing
plant is situated within a nile of the concrete mixer, there shall be provided lwo or rooee stock piles for
draining sand to a reasonably unifonn water content by standing for at least 12 hours after washing. Wash
water shall Dot be allowed 10 drip into conveyors ofaggregales.

10.2 00 jobs where ready-nIx or transit-mix concrete is available from reliable plants, it may be permissible 10

contract for such service under provisions for regulation and inspection whicb will insure delivery of
concrete that will rreet aU the requirerrents ofthis SPECIFICATION.

10.3 Apportionment of rDxing water shaD be accur.ttely rreasured and controlJed by an approved measuring tank
equipped with suitable fixtures for filling and discharging satisfactorily into the concrete mixer.

10.4 Water control in Indy-mix and transit-rrix concrete shaD be regulated to give the required plasticity, without
over walering, with not less than five minutes of fully active operation of the mixer, and suitably retarded
activity dumg delays. For delivery delays of substantial duration, Ihe Montana-Dakota Utilities Engineer
shaD dec)de if the batch shall be accepted orrejccted.

MIXING:

11.0 The carefully measured proportions of cement, water and aggregates shall be thoroughly incorporated in
suitable batch TItiJling DDchines of approved type and capacity. Such concrete mixers shaD be continuously
Imintained at full efficiency by timely and sufficient repairs.

11.1 AU rrUcrs shall be equipped with a timing device for regulating the duration of the nDing period. Th6 period
shall be a minirrum of2 minules for mixers of 1 cu. yd. or larger balch capacity and I 1/2 minutes for smaller
roilrers, each to be operated at its roost effective rate of rotation after aD ingredients have entered and before
starting to du"l'.

The water-eelrenl ratio. allowing for the moisture in the aggregates, shaD be adjusted 10 produce in each
balch a consistence ofconcrele which will be plaslic for the given structural purposes. SlurJ1)s of210 5
inches shall be used as directed by the Montana-Dakota Utilities Engineer in proportioning Ibe mix.. The
suitable plasticity for rmss concrete will be evidenced by coherence of Ihe stream of concrete flowing or
sliding down a steel lined chute fixed on a slope not flatter than I 213 horizontal to I vertical. This shall be
the limiting slope pennitted for transferring this class of concrete. A practical sh.lrrp lest for the sam:
plasticity is applied when each balch delivered vertically into a bucket or hopper is found to assurn: a
rounded or conical shape, which will not flallen to horiznntal unlil shaken in ICllnsit and then without
flooding the top surface with WIlter or grout.

,~.

In no case shall the consistency be such as will proroote separ;uion of stones from rmrtar, nor such as will
induce Ihe fonmtion ofiaitance orthe accul'I1llation of WIlter within the forms.

11.2

11.3

PlACING:

120 AD concrete shall be conveyed from the nmr in cO"l'lete batches 10 the structure in suitable buckrts,
containcrs or conveyors whicb shall be mortar-tight. No chuting of concrete directly into the structures will ~

be pemitted. However, transfer chutes between ~,containers and hoppers rray be used subject to the
Montana-Dakota Utilities Engineer's approval for slopcs, bafl!es, gates and vertical tellTlioals. AU m:a,,~ of
conveyance shaD be adapted to delivering concrete of the required consi<ltency and plasticity without
separating Tts constituents.

121 All concrete sbaD be placed in the structure within one hoW" after mixing.

122 Every placing gang shall e"l'Joy one or more men charged with the duty and responsibility of insuring
hOlTl)geneous concrete against the face foom and in contact with al.l eniledded metal
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123 Forking and spading shall be done by these men imn::diately after dUrIVing the buc!.:el and before
corqmctillg the concrete againsllbe form. The Ievclillg and spading work may be IIUch reduced by skillful
use ofa high- speed vibrator, either pneuTmtic or elei;;lric. oftbc plunging type, However, the vibrator should
Dot be relied upon for lateral transfer of conCrl:te nor 10 cure all its irqterfections. Some bead work and
Jmnual labor will stiD be needed. aud the vibrator should Dol be overworked 10 induce foomlioo of Iaitance.
nor in conlacl with fOrm>. nor at such depth as will dislurb the sel of proper curing of concrete previously
placed,

COlD WEA'mER:

13.0 AD concrele shall be mixed and placed with adequate precautions against frceling.

13.1 No frosted rmleria15 shaUbe used.

132 Mixing water shall be heated, preferably by live steam, in a tank regulated 10 such telllleratures between 100
Degree F and 200 Degree F as Ihe Montana-Dakota Utilities Engineer rwy direct, in view oflhe weather and
working conditions.

133 The sand shall be heated wben necessary, in conjunction with the hot water, to take tbe frost out of Ihe
COalSe aggregale and to briDg Ihe terrperalwe of the nix up to 70 Degree F. No open flame or other
scorching heat shaD be applied to concrete materials or concrete in place.

13.4 Fresh rni»;d concrele al all seasons shall have a lenverature not under 50 Degree F. No concrete shall be
placed in free:ring weather, nor against fro:ren surfaces, until such surfaces have been thawed OUI and
satisfactory provisions rmde to maintain the arrbient tcnver3ture at or above 40 Degree F for ten days after
placing.

13.5 Calcium chloride may be used on approval of tbe Montana-Dakota Utilities Engineer and as specified in
Section 8.

PROTECTING:

14.0 Fresh concrete in place shall be protecled by retention of the form> for an arrple period, by prevention of
disturbing shocks and vibrations, and by avoidance oftbe prermture stressing of heavy Or eccentric loading.

14.1 Worlcmen shall be warned and prevented from disturbing green concrete during the cerrenl setting period.

14.2 Every precaution shall be taken 10 preserve finished surfaces from stains or abrasions. FJq>osed edges shall
be protected during construction by retention of forms or provisions of covers. No fires shall be kindled on
or against concrete.

CURING:

15_0 The prime essential for' curing conCrl:te is abundant water continuously applied or prevented from
evaporating on all ellposed surfaces, partjcularly on the sunny side salient comers, rmldings and
projections. until the concrete is ten days old, or as fTI.lch older as local conditions may requiTe. ,

15.1 Whenever in the judgment of the Montana-Dakota Utiliies Fngineer it rmy be necessary, there shaU be
provided and used as rrDny tarpaulins. burlap, plastic blankets or other coverings, or as fTI.lch sand. eal1h,
sawdusl or other approved rrulching as will prevent drying. freezing, slaining, disfiguring or other darmge to
the concrete during and after the curing period. -

•15.2 Curing cOfTl)ounds, paints and coatings for retention of moisture shall be used only by special pennission
and under the direction ofthe Montana-Dakota Utilities Enginccr.
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ANlSI:UNG:

16.0 Unless specifically requroo by the drawiDg.s, the finish of~sed fal;CS of concrete will. consist only ~
R:moval of eJaeSccocies rerrsinin& after s~ping folTlYi, with a general cleanup of any adhesive debris of
construclioR, the po~t"'g up of aU anchor boils and the repair of SUDD cavilies wilh 1:2 cetTJent--sand putty
larrpcd ... and rubbed offflush. Any lafge: cavities or~eclions in concrele: shaD be cut oul and JepaRd
mnc:diately afterstripping fonm.

16.1 The: top surfacing ofdam;, walls, Doors, orolher cemenl finishing outside offofTTl'i, shaD be placed integnllly
wilh the: body oftbe: work and con:p1c:ted witb due: obse:rvance: ofthe: above: basic ~uirc:ments.

16.2 -Top surfaces of COncrcte: to be rmkfcd without fonm will be: shaped and finished by straight edging,
screening and floating with suitable: wood or rrctal tools in the nnnner and at the times directed by tbe
Montana-Dakota Utilities Engineer.

FORMS:

17.0 Forms, molds, and cenlemg shaD be ITIlde, and tnlintained during use, true 10 tbe shapes and dirTensioos
prescribed on the approved drawings.

17_1 Wooden forms shall be buih of Iurrbe:r, si;>zd and surfaced to presenl smoolh and light faces for molding
concrete_ Wooden l"orms shall be ofanvle strength and rigidity 10 withsland all stresses of fkJid concrele
withoul yick:ling during placement ofconcrete.

172 Forms in place with ties and braces shaD be subject 10 inspectioo and approval of tbe MonUna-Dakota
Utilities Engineer or authori2rd Inspector. This provision sbaD not retic:ve: Ihe: Conll1lctorof his obligation 10
repair or rebuild aD concrete: having ftptrfections due to faihlre offol'1T'6.

17..3 Special roms of ~tal plywood or water absorbenT material for givillg desired face finishing will be sho~1I

or specified On approved pbns, when J1:(ju ired.

17.4 Tie rods, in or through walls designed for water tighTness, shall have a removable section in each facc ofthe:
wall with a s~ve or Olher type of nut acting as a waler stop. The hole shaD be caulked wilh ce:IIEJ]I-sand
pUlly after ~mov.J oflbe rod. WR tics, ifpermined, shall be unyiek!ing and shall be cut otrftlsb with the:
face of concrete, or counlersunk and coate:d over with ccrtEnt-saDd putty to prevent rusT streaks on face: of
_a

17.5 Comers and angles shaU be mitered by using 45 Degree mok!ngs ofappropriate dimensions during forming.

17.6 Joints in foJ11'6 or betwee:n pane:l fonns shall be made: slOOOth, light and unyielding.

17.7 Face: form; shaU be cleaned, oiled and maintained in the specified efficiency and srmolh appearance:.

17.8 FomlS shall nol be re:leased or remove:d from concrete: structures, e)ll;epl by specific: approval of lhe:' "\
Monlana·Dakota Utilities &lgine:e:r. Fxcpl by spcci31 consent of the Montana-Dakota Utililies Engineer, tbe:
unfastening and slripping offonm shaD nol be done: less than 36 bours from the tiny: ofplacwg concrete in
darns or ordinlll)' walls oor within a longer period, as conditions rmy delcmiDe, in irrpol1ant an:hes or other
structures requring spet:ialsupport.. '

17.9 AU rcrronl of fonTIS shaD be done, without danger ofinjwy to personnel or injury to recent concrete pobJS,
in a manner approved by the Montana-Dakota Utilities Engjoecr
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Specification Surmnary

SCOPE: Pbeement ofOass B Concrete

GENERAL: Conslniclion ofaa:eplabJe &. durable concrele
I. Provide acceptable trUing materials
2. Accurate proportioning
3. Control water content
4. Propercareofnnaure
S.o.1I"eforlOdays

TERMS: Concrele ConSlmclion term;

CF.MINf: POl1land ccrrent Type 2
I. Seasoned for rrinirrum 0(2 weeks, "1101" from rralls unacceptable
2. Protection ofcemenl

WATER; Waterto be clean &. fresh

SAND: Naluralorigin prefenW, nnchioe-l1l3de rnly be acccplaMe
I. PrepaIl~d by scr«nmg and/or washing
2. Clean &. me &om fo~ign malerial
3. Sized by screening
4. ScreeDs to be properly maintained
S. Specified voids &. fDeDess nndubJs
6. Colorimelril:: tcsllCSliog
7. Sp~ific&12vity Icsting

COARSE AGGREGATE: Qushed stoncs or gravel Siones
I. Prepared by screening and/or washing 10 rewove foreign mllerial
2. SUed by screening

ADDrnvES: Calcium chloride not 10 c1CCCd 2'1. to mend plasticily

aASS OF CONC'RF.'I"E: Chss B concrcte
1. CoJl1lrcssive strength of3000 tllsq.in. at 28 days
2. Proportions forsrmUjobs - 6 sacks@ 1:2:4
3. Proportions for large jobs - Design furnished to Montana-Dakota Utilities Co.

ASSEMBUNG: AsserrbJed at rrUing plant in proper manner
I. CoDtrol W3ter from washed sand
2. lkady-nilrorTnmsit'nUconcrete
3. Appodionrrent &. Control of rrUing _ler
4. Control ofmixing water ofRc:ady-rtix orTransil·rrix

MIXING: IngralienlS to be properly incorporated in suitable batch machines.
I. MiJ:ing tinE cootrol
2. Water-Ce~t ratio. Slun:p requireDEllts
3. Consistency requirements

PLACING: ConveyaDC(' shaUb<' such that coostiluenlS will not separate.
I. ConcIete to be placed within one hour aftcr nixing
2. Concrete shall be placed againsl form; & in contacl wj(h reinforcing steel
3. Vhrator usc to insure propeT hOlTklgencous concrele
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COLD WEAllIER; Placem:ntlo prevent concrete fieezing
I. No use ofFroren tmterials
2. Heating of mixing water
3. Heating ofFine aggregate (sand) & Coarse aggregate
4. Te"llCrnture ofconcrete at placem:nl (50 F)
5. Use ofCakium01loride to prevent frcering

PROTECIlNG: Protection offresb concrete by form; in place
I. Wodoren 10 be warned about disturbing ruh concrete
2. Finished surfaces shaD be protected from damage

ClRING: Pn:vent evaporation oradd curing water to surfaces
I, Addition ofcoverings may be required as per Engineer
2. Curing additives to be only used by Engineer permission

FlNlSIDNG: Repair ir1lIerfections & general cleanup
1. Top surfacing ofconcrete outside offonm
2. Top surfaces to be floated with suitable tools

FORMS: Fonm 10 be true to dimensions on approved drawings
1. Wooden fonTIS 10 withstand fluid concrete stresses
2. Tie/Brace form; are subject to repair or rebuild
3. Special form; shall be specified on approved drawings
4. Tie rod holes to be grouted with cement/sand JTV1ure
5. Comers/Angles shall be nitered by 45 degree nvJdings
6. Joints in forms to be smooth,light & uoyielding
7. Face forms to cleaned & oiled to maintain srfJ)Oth surface
8. Removal ofronns shaD be 36 hrs fromplacem:nt. or as per Montana-Dakota Utilities Engineer
9. Reroovalofforms shaD nol damage concrete face
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CONTROL BUILDING SPECIFICATIONS

MONTANA-DAKOTA UTILITIES CO.
A Division of MDU Resources Group, Inc.

SCOPE

Bidder shall furnish and erect one (I) pre-fabricated metal building complete; including door(s), hardware,
anchor bolts. metal ceiling and waH panels, flooring, insulation. interior walls, ventilation equipment, heating and
air-conditioning equipment, caulking. fasteners, eaves, down spouts, and all flashing and trim required for
weather tight construction as shown on the attached Purchaser's drawings (See typical Control House Layout
Drawing # 111504-H) and as herein specified. Bidder shall also furnish accessories listed to comprise one
complete substation control building.

APPLICABLE STANDARDS

The house covered by these specifications is to be designed, tested and assembled in accordance with all
applicable standards of ANSI, IEEE and NEMA, including, but not lintited to the all applicable ANSI C37
standards. Also, all applicable NEe and OSHA requirements must be followed.

GENERAL REOUIREMENTS

Building may be either self-franting with inside walls free of support members and protruding reinforcements, or
rigid frame type requiring supporting members along the walls and at each end of the building. Please identify in
quotation as to type of building being supplied.

Building must be designed to meet local building codes and/or must be capable of withstanding a combined
minimum of 30 psf live load on the roof and 20 psf wind load on the walls, whichever requirement is greater. A
certificate stating that the building meets the above loadings will be required from the successful bidder upon
receipt of an order.

Walls and ceiling are to have a vapor barrier. The walls shall be insulated to a value of R-19, equjvalent to 6" of
fiberglass insulation. The ceiling shaJl be insulated to a value of R-38, equivalent to 12" of fiberglass insulation.

Ceiling must be capable of supporting lighting fixtures.

Interior walls must be capable of supporting surface mounted wiring duct. outlets, and light switches.

Interior walls and ceiling to be flat-fanned and painted metal. Interior paint shall be deFau,lt white.

Exterior walls to be formed and painted steeL Roof to be aluminum coated steel (aluminized steel) or painted
steel. Exterior paint color shall be selected from standard colors by Purchaser at time of order. Bidder to provide
color chart with bid.

Building is to include the following accessories:

DOORS Exit & Interior doors as listed:
r

I - 6'-0" x 9' ·0" insulated steel walk·in double door. Doors to open to the outside. Left door to
be inactive, right door to be active (see drawing). Inactive door to have head and foot bolts.
Active door to have cylindrical door lock with guarded latch bolt and an automatic door
closer with manually controlled hold open feature. Active door must have ''Panic·'.release
exit bolts modified with thumb piece and pull-on exterior side. Both active and'inactive
doors to have window with reinforced glass. Doors to have insulating weather-strip on all
edges. .

- 3'-0" x 7' -0" insulated steel walk-in door. Door to open to the outside with "Panic" release
exit bolts modified with thumb piece and pull-on exterior side. Door to have cylindrical door
lock with guarded latch bolt and an automatic door closer with manually controlled hold
open feature. Door to have window with reinforced glass. Door lock to be keyed identical to
the active door of the 6'-0" x 9' _0" insulated steel walk-in double door. Door to have
insulating weather-strip on all edges .

..----.c-;c;c--~-
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LIGHTS

HEATERS
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- 3'_0" x 7'-0" interior steel door to the battery room to be located and open as indicated on
attached drawing. Door to have "Panic" release exit bolts modified with thumb piece and
pull-<)8 exterior side.

2 - 2'4"x7'-0" steel doors to be located and open as indicated on the drawing. Doors to have
passage latch sets.

Normal AC Aisle Lighting
Ruorescent type, 120 or 240 VAC single phase supplied from AC Panel, with switches located
near each entry providing control from either entry. Ruorescent fixtures shall be 48", 2 bulb
channels.

Entrance Lighting
120 VAC, 100 watt, Mercury Vapor Wall lamp shall be mounted above each entrance with
control switch near each entry providing control from either entry.

Emergency DC Lighting
Incandescent type 125 YDC supplied from DC Panel, with switches located near each entry
providing control from either entry.

Electric Baseboard type heaters. 240 VAC single phase, 8 foot long, controlled by single
thermostat and contactor. Heater configuration must be capable of maintaining 70 Deg F inside
building with ambient air temperatures ranging down to -50 Deg F.

Heaters inside the battery room are to be placed on opposite wall from the batteries to prevent
overheating of batteries.

FANS

AIR CONDITIONING
Ductless air-conditioning, 240 YAC, controlled by single thermostat and contactor. Air
conditioning configuration must be capable of maintaining 75 Deg F inside building with
ambient air tcmpcr3tures ranging up to + 110 Deg F. DuctJess air-conditioning system to be
approved by Purchaser.

2 - Wall mounted 'lent fans, to exhaust to outside, approximately 90 CFM for 120 VAC. Fans
are to have automatic weather tight louvcr. Fans to bc located as indicated on Purchaser's
drawing, as close to ceiling as possible. Battery room fans must be time clock controlled
operation to circulate banery room air on regular intervals. Intake and exhaust vents mus! be
screened and filtered with either washable or disposable fiJters.

Operable wall louver, manually adjustable from a closed to an open position. Dimensions shall
be approximately 12" x 12".

OUTLETS Minimum of _5_ - 115 VAC, 20 amp rated convenience outlets shall be equally spaced a}a,ng
each section of main control area wall at distances no greater than 6 feet. No outlets allowed
within battery room. Breakers supplying the outlets shall be GFI type - Outlet power shall be
divided into two equal 20 amp rated circuits. ,

AC POWER 1 - 400 amp heavy duty fusible disconnect swilch for incoming 240 V AC single phase auxiliary
power with neutral connection NEMA It 1 enclosure.

__ - 400 amp circuit breaker equipped distribution panel(s). Single Phase 1201240 VAC
Service - Solid Neutral for all AC auxiliary circuits, including as a minimum the ,6reakers
indicated on the attached Purchaser's AC Panel drawing(s) and as per attached
AC Distribution Panel specification. Breakers supplying convenience outlets to be GFI Jype.

DC POWER I - 200 amp heavy duty fusible disconnect switch, NEMA # I enclosure, 2-pole 250 VDC for
isolation from battery.

__ - 225 amp circuit breaker equipped distribution panel(s) for use on 125 VDC circuits.
All breakers should be 2-pole type. Bidder to furnish as a minimum the brca.kers indicated on the
attached Purchaser's DC Panel drawing(s), and as per attached DC Distribution
Panel specification.
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FLOOR

SIGNAGE

ROOT shall be covered with 3/32" thick, 12" X 12" tile nooring.

Signs shall be placed throughout the building as per the Substation Sign Specification.

Exh. MOU - A.1
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CONDUIT

TELEPHONE PROTECfIVE EQUIPMENT
A wall mounted "shelf' is required for mounting telephone protective cqujpment if such
equipment is required by lhe telephone service provider. Shelf space/mounting dimensions are
31 "W x 14"H x 10"0.

Conduit and/or Cable way shall be provided between AC Disconnect, AC Distribution Panel, DC
Disconnect, DC Distribution Panel, Lights, Heaters, Fans, Switches and above the Switchboard
area. Conduit between l25V DC Battery, Charger & DC Distribution Panel shall be installed
upon delivery of Purchaser supplied battery and charger.

Lot - Ridge vent witb manually controlled damper, 50% length of the building, centered on roof.

Lot- Full length eaves with 4 down spouts, one at each comer.

I - Base Z-chanoel nashing, around perimeter of foundation, or equivalent.

Lot - Mop Boards on all interior walls.

Lot - Interior room dividing walls located approximately as indicated on the Purchaser's drawings.

Lot - Aluminum Diamond Tread plate, 1/4" thick and cut to lengths no gTeater than 72" long, to cover trenches
as indicated on the Purchaser's drawings.

I -Incinolel Model 'TR', 240'VAC, 3600 Watts, 15 Amp Electric Toilet, with I case of Bowl Liners.

I - Feodal Model 100 Ponastream #1, 6 gallon eyewash station, with 6 - 70 oz bottles of Fendal No. 509 Eye
saline concentrate. (Equivalent may be acceptable.)

ERECfION

Building to be installed at an electrical substation at a location to be indicated by Purchaser.

The building shall be erected on a concrete foundation provided by Purchaser. The building shall be anchored to
tbe concrete by means of either cast in concrete or drilled in anchor bolts whicb are to be supplied and installed
by the bidder.

Bidder to completely assemble and install building and all accessories as listed in these specifications and as
indicated on the attached drawing.

The bidder shall clean building surfaces and touch up any scratches or other damage to the factory applied finish
as required upon assembly.

Erection should be completed at dares sel by the Purchaser, currently estimated to be =') '.

However, since the bidder has no control over lhe foundation installation, approximately one month will be
allowed for erection of tbe building after completion of the foundation, whichever date is later. Additional time
will be allowed for inclement weather or other circumstances beyond the control of bidder.

SPECIFIC REQUIREMENTS

Building is to have minimum completed interior dimensions as follows:
46' -0"' long X 22'-0" wid~- 9'-2"' floor to ceiling height

Intenor dimensions may of course be larger than those stated above.
Slight variations in length and width are acceptable.

Approximate outside dimensions as follows:
48'~O"long X 24'-0" wide ~ 1O'...{)" or 12'...{)" wall height

Successful bidder to provide Purchaser with exact foundation dimension requirements as around the outside edge
of the foundation. Also required are the exact interior dimensions and exact locations of and dimensions of room
divider walls and doors, so that electrical conduits may be cast in lhe concrete foundation for wall mounted
electrical equipment.
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DRAWINGS

Bid prinrs of the following shall be furnished with the quotation:

Plan View
Elevation Views
Foundation Requirements

The Successful bidder shall supply approval drawings of the above for approval prior to conslruction of building.

One set of reproducible "As Built" AutoCAD drawings shall be required for digital archiving.

INSURANCE REQUIREMENTS

Without limiting any of the other obligations or liabilities of the contractor, the contractor shall provide and
maintain, until the work is completed and accepted by the Owner, minimum insurance coverages in accordance
with requirements established in Montana-Dakota Form Acord 25. which is altached hereto and made a part
hereof.

Please include a completed copy of the insurance certificate with bid. along with a copy of your North Dakota
Wor1cJnen's Compensation Certificate.

CQNSIDERATIQN QF IlIDS

Until final award of the contract is made. the Purchaser reserves the right to reject any and all bids, waive any
informalities. or accept any bid or bids which in the opinion of the Purchaser's engineers will serve the best
interest of the Purchaser. The Purchaser also reserves the right to accept or reject any alternates that may serve
his best interest.

Any exception taken to any part of these specifications must be noted in the bid. or it will be assumed that the
bidder is bidding in strict conformance to these specifications

ALTERNATE #1

Building to be supplied as specified above, except with the following alternate:

I - 6'-0" x 7'..()" insulated steel walk-in double door with removable 2'-0" transom to allow an opening height
of 9'-0". This item would the alternate to the 6'-0" x 9'-0" double door specified.

ALTERNATE #2

Building to be supplied as specified above, except as prc*fabricated modular construction subject to engineering
revicw

.~
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BUILDING FURNISHINGS TO COMPLETE BUILDING

] - 36" X 60" Steel Desk, complete with shelving and drawers

1 - Chairfor desk

1 - 36" X 72" Work Bench, non--<:onductive surface

1 - Adjustable Stool for Work Bench. adjusts 24"-30", gray

2 - Double-door storage cabinet, 36W X 18D X 72H

] - ] 15 VAC Electric Clock

] - Fire Extinguisher

1 - First Aid Kit

1 - Telephone with external ringer

Control Building Specification - 5 of 5
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Ref. ff lI1204-CC-DLA

CONTROL CABLE SPECIFICAnONS

MONTANA-DAKOTA UTILITIES CO.
A Division of MDU Resources Group, Inc.

12 conductor #12:
(7 strand uncoated copper) 600 volt control cable for direct burial, 20 mil high molecular
weight polyethylene insulation and 10 mil polyvinyl chloride (or equivalent) jacket color coded
as per IPCEA Table 5-1 Method I for non-NEC applications over each conductor; fillers as
required, binder tape and overall 60 mil polyvinyl chloride jacket. Running footage to be
marked on jacket at intervals not exceeding 10 feet. Cable shielding if soccified must be as
specified below. 3000' min. recllength, 5500' max. reel length

4 conductor #10:
(7 strand uncoated copper) 600 volt control cable for direct burial, 20 mil high molecular
weight polyethylene insulation and 10 mil polyvinyl chloride (or equivalent) jacket color coded
as per lPCEA Table 5-1 Method I for non-NEC applications over each conductor, fillers as
required, binder tape and overall 60 mil polyvinyl chloride jacket. Running footage to be
marked on jacket at intervals nOI exceeding 10 feet. Cable shielding if specified must be as
specified below. 3000' min. reel length, 5500' max. reel length

Color Coding of Conductors:

Color Seguence* for Control Cables

Conductor Background Tracer
Number or Base Color Color

I Black
2 White
3 Red
4 Green
5 Orange
6 Blue
7 White Black
8 Red Black
9 Green Black
10 Orange Black
II Blue Black
12 Black White

*Color coding required by Purchaser is recognized as Non-standard.

Shielding:
A copper braid, basket weave, consisting of soft-annealed, uncoated copper shall be applied
over the mylar taped assembly. The braid shall be constructed with 24 groups of 6 strands, #30
AWG copper 10 provide the equivalent (0 #9 AWG in total transverse cross-section of all
strands, with a #12 (7 strand uncoated copper) drain wire in contact willi braided shield. The
minimum coverage shall be 85%. Separation tape between shield and PVC overall jacket.

Altemate Shielding:
Spirally wrapped tape shield with a thickness of a( least 5 mils and minimum Jap of 10%, 10 be
applied over the mylar taped assembly. with a 1t12 (7 strand uncoated copper) drain wire in
contact with lape shield, separation tape between shield and PVC overall jacket.
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230KV COUPLING CAPACITOR VOLTAGE TRANSFORMER
GENERAL SPEOFICATlONS

MONTANA-DAKOTA UTILITIES CO.
A Division of MDU Resources Group, Inc.

[)cvices specificed shall be delivered to:

230kV WIND FARM SUBSTATION

DESCRIPTION
Coupling Capacitor Voltage Transfonner with carrier accessories as follows:
Coupling capacitor voltage transfonner to be used on 230KV line-to-line primary voltage.
I050KV Bn.. with standard leakage distance porcelain. Dual secondaries with marked
ratios per ANSI Standard C93.2, 120012000:]. Operation on 60 Hz system.. Color to be
ANS( #70 gray porcelain and paint. Accuracy class rating shall be 0.3 (Metering class) for
burdens M. W. X, Y, Z, and 'ZZ for each secondary winding to tapped ponioo of the
secondary winding up to a total simultaneous loading equiValent to z:z burden (400 VA,
0.85 pf lagging) as defined by ANSI C57.13. 1000 VA tbennal rating, internal
ferroresonance damping. Top cap to have ANSI 4-hole pad tenninal.

DESCRIPTION
Coupling Capacitor Voltage Transformer without carrier accessories as follows:
Coupling capacitor voltage transformer to be used on 230KV Jine-towline primary voltage.
1050KV an.. with sLandard leakage distance porcelain. Dual secondaries with marked
ratios per ANSI Standard C93.2. 120012000:1. Operation on 60 Hz system.. Color to be
ANSl1t70 gray porcelain and paint. Accuracy class rating shall be 0.3 (Metering class) for
burdens M, W, X. Y, Z, and ZZ for each secondary winding to tapped ponion of the
secondary winding up to a total simultaneous loading equiValent to ZZ burden (400 VA,
0.85 pf lagging) as defined by ANSI C57.13. 1000 VA thermal rating, iDlernal
ferroresonance damping. Top cap (0 have ANSI 4-hole pad terminal.

Required Documentation for each type Coupling Capacitor specified:
Five sets of the following documents are required to be included with a complete instruction book.

Documentation: Outline Diagrams
Nameplate Diagrams
EJementary Diagrams
Wiring Diagrams
Renewal Parts Lists
Certified Test Reports for 0.3 accuracy class at all burdens M thru z:z

Consideration of Bids:
Until final award of contract is made, the purchaser reserves the right to reject any and all bids. waiver
any informalities or accept any bid or bids which. in the opinion of the purchaser'S engineers, will serve
the best interest of the purchaser. The purchaser also reserves the right to accept or reject any alternates
that may serve his best interest.
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D.C. DISTRIBUTION PANEL
SPECIFICATIONS

Following DC Distribution Panel shall be delivered to:

230kv Wind Farm Substation
GENERAL SPECIFICATIONS

Single Phase 2 Wire - 125 VOC Service

Distribution Panel 10 be Main Lugs Only slylc: & bottom feed. Main Lugs to be a 2 conductor style to
provide sub~feed capability for two (2) #6-250 MCM Copper conduciors. Sub-feed lugs 10 be rated the
same as Main lugs.

Panel 10 be bottom feed with sub-feed lugs.

Panel Bus to be 2-pole rated 250 VOC and 225 Ampere.

Branch Breakers 10 be of Bolt-on slyle, rated 125/250 VOC wilh a 2-pole inlenupling rating of 10,000
amps asymmetrical

Oranch Breakers 10 be provided and faclory assembled into Distribution Panel wilh lhe bus to be Lapped
exactly as specified on Purchaser's drawing.

Galvanized sled box 10 have NO Knockouls .

Minimum Box Dimensions: 20" wide x 7 1/4" deep, wilh guuers of 5 1/2" on sjdes and 10 In" on ends.

Panelboard is to be surface mounled NEMA #1 enclosure with surface trim.

Distnbution Panel to be complete with box, internal copper bus, aU branch breakers, trim & cover panels.
wire trough and swinging cover door with melal directory holder. Distribution Panella be factory
assembled.

:-.lon-UL listed Panelboards will be considered.

CONSIDERATION OF BIDS

11 will be assumed Ihat the manufacturer is quoting and will provide equipment in strict confonnance
with these specificalions, unless the quot3lion includes a stalement and descriplion of proposed
e.ltceplions. Any exception 10 any part of these specifications must be nOled in Ihe bid. All bidders shall
supply Panel Type & Branch Breaker Type infontlalion 31 time of bid.

Until final award of Ihe conlraCI is made, the purchaser reserves the right to rejecl any and all bids, waive
any informaJilies or accept any bid or bids which. in the opinion of the purchaser's engineers, will serve
Ihe best interesl of the purchaser. The purchaser also reserves the right to accept or reject any allcmatives
that may serve his best intcresL

2123f2010
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Ref. III I 1204-I-DLA

INDUSTRIAL CHAIN LINK FENCE SPEClFlCATlON

MONTANA-DAKOTA UTILITIES CO.
A Division of MDU Resources Group, Inc.

NOTE:
FENCES QUOTED MUST MEET THE FOLLOWING STANDARD. Reference used in the development of this
standard is ~ 1989 ANNUAL BOOK OF ASTM STANDARDS VOLUME 0 1.06 COATED STEEL PRODUCTS.~

GENERALSPEClFICATION:
The chain link fence shall stand S'4 R above grade, including 3 strands of barbed wire on the oUlward extension bl1lckets
with the dimensions and gate(s) located per the auached Purchaser drawing _

This fence is to be quoted as:
1-:1 Materials only for erection by others
[-:I Installed in place including materials and labor
[-l Materials only with installed in place as an alternate

The materials supplied for this fence and the installation (where applicable) shall be in accordance with me following:

CHAIN LINK FABRIC:
The chain link fabric shall be 84" high 9 gauge and have a 2" mesh, knuckled at one selvage and twisted at the other and
have class 2 zinc coating of IlOtless than 2 ounces per square fOOl of uncoated wire surface all in accordance with ASTM
A-392.

BARBED WiRE:
The z.inc-coated steel barbed wire shall be Chain Link Fence Grade consisting of two 12 1/2 gauge stranded line wires
and 14 gauge barbs in a 4 point pauem on 5" centers with a Class 3 coating all in accordance wilh ASTM A-121.

FENCE FITTiNGS:
All fence fillings including but not limited to post and line caps, rail and brace ends. top rail sleeves. lie wires and clips,
tension and brace bands. tension bars. truss rods and barb arms shall be in accordance with ASTM F-626.

TOP RAIL:
The top rail sball be I 114" NPS (Nominal Pipe Size) schedule 40 (2.21Ibslft.) wilh a zinc coaling of not less than 1.&
ounces per square foot in accordance with ASTM F-1083 and shall be supplied in lengths of not less than 1& feel. The
top rail shall pass through and be supported al each post so that a continuous brace from end to end of each stretch of
fence is formed and shall be securely fastened to the terminal posts. Also, the top rail shall be joined with sleeVes-br
couplings to allow for expansion and contraction.

LINE POSTS:
Line posts shall be r NPS schedule 40 (3.65 Ibslft) with a zinc coating of not less than 1.8 ounces per square foot rn
accordance wilh ASTM F-ID&3 and shall be spaced not more than 10 ft apan. Post length shall allow for Ihe follo~ing:,
1_14&" deep x 10" diameter full length embedment in concrete in dry , well drained locations
I_J 72" deep x 10" diameter full length embedment in damp or poorly drained locations -

END AND PULL POSTS:
End and pull posts shall be 2 In" NPS schedule 40 (5.79 Ibs/f!) with a zinc coating of nOlless than 1.8 ounces per ~uare
fool. in accordance with A$TM F-I 083. POSI length shall allow for Ihe following:
1_148" deep x 16" diameter full length embedment in concrete in dry , well drained locations
1-.172" deep x 16" diameter full length embedment in damp or poorly drained locations

INDUS"ffiJALCHAlN LINK FENCE SPECIACATIONS PageJof3
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Ref. #1 11204-I-DLA

CORNER POSTS:
Comer poslS shall be 2 IIr NPS schedule 40 (5.79Ibs/ft) with a zinc coating of not less lhan J.S ounces per square fOOl.
in accordance wilh ASTM F-IOS3. Posllenglh shall allow for the following:
I~] 4S" deep X 12" diameter full length embedment in concrete in dry • welJ drained locations
I_J 72" deep x 12" diameter full lenglh embedment in damp or poorly drained locations

GATEPOSTS:
Posts for swing gates shall be sized per the following table and shall be NPS schedule 40 with a zinc coating of not less
than I.S ounces per square foot in accordance wilh ASTM F-I083. Post length shall allow for a minimum of 72" deep x
16" diameter full length embedment all locations.

INDIVIDUAL
GATE LEAF WIDTH

Upt06'

L __~O~v""er6' to 13'

OUTSIDE I
NPS DIAMETER LBS PER UNEAL FOOT

2 In 2,875" -'1-',,-S-o!.7:!..".9#1F,,'I --ii
J_.=3,,'..I2'--- -'4,,_0,,00"'--"__,129"_1,,,1.!!#,1F!c.1 ----"

GATES:
Gates shall be provided in quantities and at locations indicated on attached Purchaser's drawing _

Fence shall have the following quantity of gates:
___ - 3 foot walk-through (Minimum .1 per enclosed area)
___ - 20 fool double-leaf drive-through (Minimum I per enclosed area)

Gates shall be swing type complete with latches, keeper.; and hinges. Gate frames shall be constructed of round tubular
members, welded at all comers. Welds shall be painted wilh zinc based paint. Gates shall have UlJSS nxls of 5116~ or
greater oominal diameter 10 prevent sag and twist. Gate leaves shall have vertical intermediate bracing as required,
spaced so that no members are more than 8 feel apart. Gate frame members shall be round tubular steel 1.90 inches D.O.,
2.28 lbslft. Wilh a zinc coating of 1.8 ounces per square foot. The end members of the gate frame shall be extended in
height to accommodate three strands of barbed wire unifonnly spaced and positioned so lhal lhe top strand is
approximately 1 foot above lhe lop horizonlal member of the gale frame. Barbed wire shall be attached by suitable
means to prevent wire from moving out of position and shall be supported by a gate frame member at max.imum intervals
ofS feCI.

Gale filler shall be the same. fabric as specified for fence and shall be securely fastened al intervals of no more than 15~_

Leaf gale latches shall be capable of rClaining Ihe gate in a closed posilion and shall have provision for a padlock.

Keepers shall be provided for each gate leaf over 5 feet wide. Gatc keepers shall consist of a mechanical device1~r
securing the free end of the gate when in full open position and shall be suitable for selting in concrete.

Hinges shall be sUlJClUrally capable of supporting lhe gale leaf and allow the gate 10 open llnd close witbout bindinJ. The
gates shall be capable of being opened and closed easily by one person.

eONSIDERATIQN OF BIDS:
Until final award of the contract is made, Purchaser reserves lhe right to reject any and all bids, waive any infonnalities
or accept any bid or bids which. in the opinion of Purchaser's engineers. will serve the best interest of Ptirchaser.
Purchaser also reserves the righl to accepl or rejecl any alternatives thai may serve its best interest.

Any exception to any part of these specifications must be noted in lhe bid.

Any material supplied. which is not in compliance wilh lhis specification. shall be replaced with malerial in compliance
with lhis specification F.OB. destination by the bidder, with 00 additional charge 10 Purchaser.

c-=c=c----------=c-c
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Ref. #111204-I-DLA

CHAIN LINK FENCE INSTALLATION SPEClFICATION

MONTANA·DAKOTA UTILITIES CO.
A Division of MDU Resources Group, Inc.

Inslallalion of chain link fence under Ibis specification mall be performed such !hal !he workmanship shall be of rlrSl
class in every respect and shall be done in a Deal and workmanljke manner. Malerials f« installation shall be furnished
uder lbe auached allached ~[ndustrial Chain Link Fence Specifteation". OIain link fence 10 be insla1Jed as pa !be
arrangemenl shown on allachcd Purchasers drawing .

POST spACING:
line posls shall be spaced equidistant al inlervals not exceeding 10 feel from cenler 10 center of !he posts along
continuous fence sections.

POST SE'lTING:
All posts shall be SCI in 2500 PSI concrde al a deplb detennined by Lhe soil conditions indiolled in auacbed "lndust.ri:ll
Chain Link Fenc::e Specification". Concrele fill shall be inslalled wilh waighl sides up 10 a height of 6" bdow Lhe
surface 10 prevenl "mushrooming" al or near groundline. Remaining bacldill will be excavated maleriaJ.

GATE KEEPER & STOP SElTING:
Gale Slops shall nOi be installed. Gate shall be secured with ,,,.. thkk galvanized Sled chain for padlocking_
Gale keeper shall be installed in 10" minimum diameler holes of IS" depth backfilled wilh 2500 PSI concrele up 10 a
depth of 6" below grade 10 prevenl "mushrooming" al or near groundline. Remaining backfill will be excavaled material.

CUAIN LINK FABRIC:
1lle chain link fabric shall be placed on the outside of lhe line posts with the Lwisled end placed down. The fabric sball
be stretched laUI approximately 4~ above the ground and securely fasleoed. The fabric shall be CUI and each span shall be
altached inde:pendenlly al all terminal posts. Faslening 10 tenninal posts shall be wilh streIcher bars and tension bands
spaced at maximum 15" inlervals. Faslening 10 line posts shall be with tie wire at imuvals not exceeding 15". The lOp of
Ihe fabric shall be fastened 10 the (OP rail with Lie wires al intervals nO! exceeding 24~. Rolls of wire fabric shall be
joined by weaving a single picket into the ends of !he rolls to fonn a continuous mesh.

I'ROTECTION TO PERSONS AND PROPERTY:
The fence contraclor shall al all times exercise reasonable preC<1utions for the safely of employees on the work and of Ibe
public and shall comply with all applicable provisions of Federal (included bUI nOI limited 10 the Safety Standards
established and promulgated under the Federal Occupational Safety and Health Law, Public Law 91-956 and the
regulations thereunder). Slate and local statutes, ordinances. rules and regulations whicb may pertain to the work.

INSURANCE:
The fence contraclor shall provide and mainlain, unlil lhe work is completed, IDtDlmWll insurance coverages in
accordance wilh requirements established in Montana-Dakota Fonn Acord 25. which is auacbed hereto and made)i pan
hereof. The contractor shall furnish 10 !be Company a certificate evidencing compliance with !he requirements. signed by
an authorized represenlalive of lhe insurance company carrying the risk. prior to any work being slarted.

CONSIDERAnON OF BIDS:
UnLiI final award of the contraCI is made. Purchaser reserves the righllo reject any and all bids. waive any inforfnalilies
or accept any bid or bids which, in the opinion of Purchaser's engineers, will serve the best inleTesI of Purchaser.
Purchaser also r~ntes the right to accept or reject any alternatives lhal may serve its best inle.resl.

Any exception to any part of these speciflCalions musl be nOled in lhe bid.

Any material or installation workmanship supplied under this specificalion. which does nO! meel the requiremenls of Ihis
spcc:ificaton. shall be remedied by the bidder by providing an installed fence in compljance wilh the specifICation with no
addilional charge 10 Purchaser.
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NOTES-
1. All A36 or A7 Steel
2. All 9/16" fa Holes
3. All burrs, rough or sharp edges

must be removed before galvanizing
4. (See detail °A" notes)
5. Hot-Dip Galvanize after

all Fabrication & Welding.

MATERIAL fOR <1) platfQrm'
1 • Grating welded to Angles (A l-Both Ends)
2 - Legs welded to Bar (01) to make MK 81
2 • legs welded to Bar (Ol) to make MK RBJ

14 - l/Z o "X loS' long Galv Bolt (el)
wI Hex Nut. Lock & Flat Washer

Detail "A"

~3/16"
/ '(TyP)

~A1

(80th Ends)
r-'-------,

81 _

L ::n 1/8'
1 1/2" Galvanized Steel Grating

7/S"Jrr,l:.J/8"
,---,,,,l--' (SHOWN ASSEMBLED HERE & A80VE) , 3/4'

1

,
ro ;,,- ,
~

,.
, '"- ,

~T"R81~1lrnr-I I ~1§8..... SERRATED SURfAa

3'- I" - GALVAN~Eo STEEL GRATING

lJ
'-o" (6'·0 X 3'·0')

~ 1/2" X 3/16" Bars, 1 l/S' Apart i At ALL 4 Corners:

,~j~~3:±::Il:::I::::I:::t:±::El§~~}---1 !WprA W')Q!ng,'12" , Align Greting to (leer
Holas& Assemoly Baits

...fl.,.';:,E8'~__ 6'." R81 ~ L---_-;::=~=~ ___,
1"'-1/4" 114'-'

f---''------6'.' liZ' :~~~I~~~:\ Drill two 9/1 6 holes NS and FS
._....--"' . . ~_~f~~U!..'!P..e~fl:::.5enter. Per Detall'A~ _

••

MK AI
L 1.75x 1.75x 1/4"

3'-0" LonQ

f 1/4'c=: ;-- 2.25 x 4.875 x 3/8' Plate, IvlK 01

1J-.--,:"q:::=-j:::;-;1--4 ~ 3/16" [MK In (AS~~Wn)]

47/S' 1 1/4~'t~Ea=~~/::':~~.M~K~B~B~'~(R~e~'y:~:rjse~)
I

1 1/4' "
1 3/8' ~~~. ~; L1.75 x 1.75 x 114' I DRAWN ev MONTANA-DAKOTA

CM' UTILITIES CO.
SCALE

APPROVED
CM'

FILE NO:

'GI!" Galv. Steel Switch
'!! Operating Platform

DATE: DRAWING NO:
IO/7/9B 070e99-1

1/2"

MK Cl
1/;2" g ~ 1.5" Long

Gelv Bolt wi Hex Nut
Lock 60. net Wesher1+--- 1'·3' ---f

3/S"

1/4'--' IS'
~

, 3/8'
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MONTANA-DAKOTA UTIUTIES CO. * SUBSTATION GRADING SPECIFICATIONS

General Construction Procedure

I. Locate earthwodc area and stake as needed.

2. Move equipment to site.

3. Strip topsoil from earthwork area in preparation of grading activities.

4. Stockpile topsoil in areas approved by Owner's representative.

5. Begin grading operation using excavated material for fill
a) Excavated material may be used for Fill material
b) Borrow material for Fill to be obtained by Contractor.
c} Excess excavated material to be disposed by Contractor.

6. Fill areas to be compacted to 90% Proctor Density.

7. Cut any ditches around site.

8. Place any required culverts prior to constructing any access road.

9. Construct and complete access roads.

10. Return stockpiled topsoil on any areas which were disturbed by earthwork activities outside of
newly prepared Substation pad.

11. Dispose of exeess topsoil & excavated material as approved by Owner's representative.

12. Ailer substation construction activities are completed. a 4" mat of 1"- I lti" Minus crushed rock
shall be placed over entire slation pad within the fence and 3 feet outside the substation fence.

General Specifications

Substalion site grnding and surfacing under this specification shall be performed such that the
wvrkmanship shall be of first class in every respect and shall be done in a neat and workmanlike manner.
Materials furnished under this specification shall be subjcctto approval by Owner's represemalivc.

Contractor must confono to all Statc and Federal and OSHA Safety laws while perfonning the work
covered under this specification.

When grading activites involve working near an energized high voltage substation or under energized
high voltage transmission lines. special care must be exercised in maintaining safe working distances''''
from any energized conductor. Portions of the work, which would constitute a potential safety hazard.
should only be performed under the supervision of Owner's personnel by prior arrangement.

I. Location and grade staking of the site within the property lines and in accordance with Owne!,s
drawings and these specifications shall be the responsibility of the Contractor.

2. Contractor shall be responsible for locating any underground utilities. If underground utilities exist.
the Contractor shall be responsible for any damage done to these utilities. ,.

3. Contractor shall be responsible for his own yardage calculations. The Contractor shall be
responsible for a complete job as per Owner's drawings & these specifications.

4. Contractor shall strip topsoil (approximately 6") from the construction site and shall stockpile the
topsoil on the Owner's property in an area approved by Owner's representative and where it will not
interfere with continued grading activities.

10fJ
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___~~0tfTA".JA-DAKO-r:AUTILITIES CO._.:_SU8STp.T10~ GRADING SPEQIFICf\TIONS

5. All grading activities shall be performed by any recognized method of good practice to complete the
job in the most expeditious manner.

6. Contractor shall take any necessary precautions to insure no damage to any existing facilities.
Grade preparation activities around existing power poles shall be perfonned in a manner not
endangering the integrity of the structure.

7. Fill areas shall be constructed in uniform lifts or layers not to exceed 7" of loose fill. Each lift or
layer shall be compacted to a minimum of 90% standard Proctor Density. Watering shall be done. if
necessary, to obtain optimum moisture content.

8. All compacted areas will be subject to testing by an independent test laboratory, at Owner's option.
Fees wiJI be paid by Owner.

9. Cut slopes shall not be steeper than 4: I.

10. Fill slopes shall not be steepcr than 4: 1.

II. Disposal of any excess material shall be the responsibility of the Contractor. No excess material
shall be permanently disposed within the substation site nor on surrounding propeny. The method
of disposal and the disposal location used by the Contractor for the disposal of excess material must
have prior approval by Owner before disposal activities commence.

12. Any borrow material required for fill material must be obtained by Contractor and approved by
Owncr representative.

13. All grading, stockpiling of soil, and any other work, storage of equipment and driving must be
limiLed to Owner's propeny, unless express arrangements have been made.

14. Culven La be provided and placed by Contractor prior to construction of access road in such a
manner as to promote free drainage under the access road. Culvert length is to be detenruned by
onsite conditions. Culven size is to be determined by local government entities charged with
surface water drainage oversight, ie County Commission.

15. Substation access road shall be constructed as per Owner's drawings from substation site (0 nearby
established roadway. Contractor shall place 7" of road gravel all access road as per typical cross­
section. All road gravel material shall be subject to approval by Owner's representative.

.,

16. Upon completion of the grading operation, the topsoil shall be removed from the stockpile and
placed on the graded slopes outside the substation pad. Absolutely NO topsoil material shall be
used as fill material within the substation site.

17. If deemed neccssary by Owner's representative to restore site, all areas disturbed by grading
activities ouLside the immediate substation pad shall be seeded by the Contractor with a grass
mixture approved by the Soil Conservation Service. ,

18. Upon completion of grading, foundation construction, trenching, underground conduit, groun~ing

and backfilling activities, the Contractor shall place a 4" mat of 1"-1 W' minus crushed rock OVe'­
substation pad and 3 feet outside substation fence. All crushed rock material shall be sUbje~t to
approval by Owner's representative.

Insurance ReqUirements

Without limiting any of the other obligations or liabilities of the contractor, the contractor shall provide
and maintain, until the work is completed and accepted by the Owner, minimum insurance coverages in
accordance with requirements established in Montana-Dakota Form Acord 25, which is attached hereto
and made a part hereof.

.__._----_._--_.._-----_._..__._.
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MONTANA-DAKOTA lITlllTIES CO. - SUBSTATION GRADING SPECIFICATIONS

II is further required thai the contractor's insurer provide the Owner wilh prompt wriuen notice of
erosion of any policy aggregate limits, advance of any relroaCtive date and provide thirty days prior
wriuen notice of cancellation or Don-renewal.

Copies ofConttac(or's North Dakota Worker's Compensation Certificated must also be provided.

The aforementioned insurance requirements certificate must be completed and returned 10 Owner prior to
commencing work under this specification.

A completed copy of the Contractor's insurance certificate and the Contractor's North Dakota
Workmen's Compensation Cenificate shall be included with bid.

Contractor's License

A copy of Contractor's North Dakota Contractor's License mUSI be provided to Owner prior to
commencing work under this specification. Proof of current Contractor's License must be available for
admiuance to job site 3I1d must remain valid until completion of work.

Subcontractor's Documentation

It is the responsibility of the Conlractor to whom this work is awarded to provide Owner with Insurance
Certificate. Worker's Comp Certificate and North Dakota Contractor's License for any and all
Subcontractors pcrfonning work under this specification. Proof of Subcomractor's Contractor License
must be available for admittance 10 job site and must remain valid until completion of work.

Consideration of Bids

Until final award of the contract is made. Purchaser reserves the right to reject any and all bids. waive
any infonnalities or accept any bid or bids which, in the opinion of Purchaser's engineers, will serve lhe
best interest of Purchaser. Purchaser also reserves the right to accept or reject any alrematives that may
serve ils best interesL

Any exception to any part of lhese specifications must be noted in the bid.

Any material or installation workmanship provided under this specification, which does nol meet the
requirements of this speciticaion. shall be remedied by the Contraclor in compliance with this
specification with no additional charge to Purchaser.

.
•

--_._--------;;-:-;:;----------
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GENERAL SPECIFICAnON
THREE POLE, GROUP OPERATED, DISCONNECT SWITCHES

lS.5·362KV, 6004000 AMP

II will be assumed that the manufaClw-er is quoting in striCI conformaoce with these spc:cirtcations unless the qIKMaOon
includes a stalement and description of proposed exceptions.

1.0 SCOPE

This specification covers r.he general requirements for ouldoor. 3-pole. group opcnted air swilches and accessories as
described herein.

2.0 APPLICABLE STANDARDS

The swilches shall comply with Ihe latest revisions of the following standards. The specific job technical requiremenls and
this specification shall lake final precedence in the evenl of conflict;

2.1 ANSI Siandards C37.30. C37.32, C37.34 and C37.35

2.2 NEMA Standard SG-6. latesl revision

3.0 BASIC RATINGS AND SWITCH TYPES

This specification covers the following swilch Iypes:

Venical break

Single sKJe break

Center break

Center break ~V"

Double end break

Vertical Reach

3.1 Temperature rise of the swilCh shall be in accordance: with ANSI C37.30-1971.

3.2 The ruted withsland and radio influence voltages shall be as shown in Table A for inSlallations below 3.300 fl.
altitude. Altitude correClton faclors per ANSI C37.30-1971 Table I will apply for higher altitudes.

3.3 The momentary currenl withstand shall be as shown tn Table B.

RATED WlTHSTAND VOLTAGE
TABLE A

Rated Impulse 60 HZKV MS Radio Umit ofRiv
Voltage 1.2 x 50 Micro S« Wd Dry Influence Micro

KVRMS Wave KV Crest 10 Sec. ) Min. Test VeiL K'V Volts@lMH
15.5 110 45 SO 9.4
25.8 ISO 60 70 15.7 -
38.0 200 80 95 23.0
483 250 100 120 293 -
72.5 3SO 145 175 44.0 -
121 5SO 230 2llO 73.4 500
145 650 275 335 88.0 500
169 7SO 315 385 102.5 500
242 900 385 465 147.0 500
242 1.050 455 545 147.0 500
362 1,300 525 610 220.0 '00

,

General Group Operated Switch Specificalion - 091801
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General Group Operated Switch Specification - 09180 I

MOMENTARY CURRENT WITHSTAND
TABLED

Continuous Current Rating
Momentary Asynunetrical

Three Second Rating
Current Rating

(Amperes) RMS
(Thousands of Amoeres) RMS

(Thousands of Amperes) RMS *.
600 40 25.00

1,200 61 38.12
1,600 70 43.75
2,000 100 62.50
3,000 100 62.50
4,000 120 75.00

"·Obtamed by dlVldmg momentary raung by 1.6.

4.0 SPECIFIC REQUIREMENTS

4.1 Mounting

The switches shall be mounted on the switch stands shown on Purchaser's drawings.

4.2 Coordination

The switches shall be fully coordinated (open gag withstand voltage al least len percent (10%) greater man line to
ground withstaod vohage.) If h..igher BIL level insulators arc specified for eXira-creep, the vendor shall supply spill
gags on onc end of the switch, except in case of bypass or bus transfer switches. The vendor shall include spill
gaps on roth ends.

4.3 Iosulatocs

Insulators supplied. if specified on the specific project requirements, shall be in accordance with latest revisions of
ANSI C29.8 and C29.9 and shall conform to the following table. Insulator color to be ANSI #70 gray. Insulators
to be sectional types at 550KY BlL and above.

INSULATORS
TABLEC

KV BIL POST
15 110 TR205
25 150 TR208
38 200 TR 210
48 250 TR 214
72 350 TR 216

121 550 TR 286
145 650 TR 288
169 750 TR 291
242 900 TR 304
363 1,300 TR 368

4.4 Live Parts

4.4.1 Live parts of the switch may be either copper ()(" aluminum.

4-4.2 Exposed contacts shall be self-wiping, silver to silver. All other current carrying contacts"including
hinged end contacts, shall be silver to silver, unless sealed and insulated from contamination and
corrosion. Internal sealed contacts may be either silver to silver or silver to copper. All exposed contacts,
both fixed and moveable, shall be replaceable in [he field. Silver to silver- contact surfaces tei utilize
dissimilar alloys of silver to prevent galling. Minimum thickness shall be .005 inches or .010 inches if
applied by brazing.

4.4.3 Any switch with blade end jaw contacts running perpendicular to me switchblade shall be reverse loop
Iype jaw contacts.

4.4.4 No braided shunts will be permilled.

Switch Specification - Page 2 of 5
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General Group Operated Swilch Specificalion - 091801

4.5 Terminal Pads

Terminal pads shall be flat NEMA standard Iwo-bole or fOW"4hole (9/16" round holes drilled on 1 %.. centers) per
Table D. Terminal pads other lhan aluminum shall be: silver or tin plated.

TERMINAL PAD SPEClflCATIONS
TABLED

KV Amp< Numbcror
Length

Dimensions in
Thickness

Pad Holes Inches Width
15-72 600 2 3 2 5/8

15-169 1.200 4 3 3 5/8
121-169 600 4 3 3 5/8
121-242 1.600 4 4 • 5/8
121-242 2.000 4 4 4 5/8
121-242 3.000 4 4 • 5/8

242 4.000 6 4 6 1
363 --

4.6 Operation

4.6.1 SwilCh blades shall be: under positive conlrol al all times and lhe Lravel from the fully closed to the fully
open positions shall be: accomplished willl one smoolh continuous motion.

4.6.2 Vertical break switches rated 15.5 ....'V-72.5KV shall have spring counterbalance devices to
counlerbaJance tbe weighl of the blades when required for proper operation. Venical break and venicaJ
reach swilches raled 121 KV and above shall include counterbalances. Counlerbalances housing may have
weep holes.

4.6.3 Venical break switches. vertical reach switches, and double side break switches shall operate to produce a
wiping presswe conloct by blade rotation within conlaclS.

4.6.4 Vertical break. vertical reach. and double side break swilch current carrying parts shaJl over loggle in lhe
closed position. Switch blade mUSI be field adjuslable to provide 90-950 (slight over-uave1) angle
bel ween oontacl surfaces on blade and stationary conl3cls.

46.5 Switch must be capable of proper operation witham periodic or routine mainlenance. and wilhoUl
application of any nonpermanent lubrication. Swilch mUSl be operalionally impervious to blowing dusl
and dirt.

4.7 Operating Mechanism

4.7.1 The operaling mechanism shall mount on the swilCh slands shown on Purchaser's drawings.

4.7.2 The operating mechanism shall have positive adjuslable StOpS in both open and closed positions.

4.7.3 The r()(aling insulator slack on each switch pole and Ihe outboard bearings 10 provide smoolh and lCouble
free operation of lhe swilch. Double side break and center side break switches rated 362KV shall have
swilCh bearing housing which are an illlegral pan of lbe welded galvanized Sled base assembly 10
minimize insulator and bearing deflection. Rotating insulator and outboard bearing Iypes 10 be peP"Table
E.

BEARING SPECIACATIONS FOR ROTATING INSULATORS AND Ol.ITBOARD BEARING
TABLEE

Scaled Slainless Slee! Ballor

KV Amp Sleeve Bearing RollCt" Bearings and Slainless
(Conditional Acccpl.1oce) Sleel Races

Top & Bouom
15-38 Thru 1600 All All
48-72 Thru 1600 Vertical Break Only All

121-363 Thru 1600 All
15-363 Above 1600 - Ali

Switch Specification Page 3 of 5
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General Group Operated Switch Specification ~ 091801

4.7.4 All steel shall be stainless or galvanized after fabrication, including fasteners.

4.7.5 Galvanized steel control and interphase pipes shall be of sufficient size to minimize twist in the torsional
operating pipes and sag in push-pull interphase pipes. Group operated switches 363KV and above, and/or
phase spacings exceeding 16 feet, and'or requiring higher than usual operating efforts shall have double
interface push'pull control pipes. All control pipes to have piercing screws at all rigid coupling points.

4.7.6 The length of each interphase rod and of the group control rod shall be adjustable to allow proper
alignmenr of tbe switch. All push-pull control pipes to have turnbuckle type adjustments on at least one
end for increasing oc decreasing length. Switch poles mounted on individual switch stands to have
torsional operating mechanism. Torsional operating pipes to have slip-fit type coupling between poles.

4.7.7 The operating mechanism shall have "open-close" indicators and provisions for padlocking in both open
and closed position. Malar mechanism, when used, 10 be lockable in coupled and uncoupled positions
also.

4.7.8 The maximum operating effon shall be 50 Ibs. For a swing handle operator with maximum length of 36",
or 35 lbs. for a manually operated gear mechanism with maximum handle length of IS" at ambient
temperatures of -40°F 10 120°F. All switches, 121 KV and above, fO have gear operated mechanism.

4T9 All switches shall include provisions for the adjustment of eacb individual switch pole. These provisions
shall be of a continuously adjustable threaded type for correction of any misalignment in the switch
insulators and bases (jacking screws).

4.7.9a It shall be mechanically impossible, after final adjustmenl has been made, for any switch to remain
in a partially open or- closed position at the completion of an operator cycle. SwilCh pole
mechanisms to be intrinsically stable in fully open or closed position. Under no circumstances
sball a swilch close on its own once it has been fully opened.

4.7.9b Center break My" switch rotating insulators are to be turned by sealed. permanently lubricated
gears located within the switch base. Operating rod linkages between the two rotating insulators
will not be acceptable.

5.0 ACCESSORIES

5.1 All switches shall be equipped with standard arcing horns. unless some other special interrupting device is
specifically specified. and standard arcing horns are not required with this device.

5.2 Switch operating mechanisms to include a Oexible braided ground strap.

5.3 All fasteners shall have provisions for locking via lock washers, tocking nuts, COlier pins, or other securing means.

6.0 SHIPPING REOUIRMENTS

6.1 Switches shall be shipped with all live parts and bearings assembled and boiled into position on the bases with
blades securely wired closed into the contacts. Each 3-pole switch shall be crated in a manner suitable for stac~g.
Operating pipes and in!erphase bars shall be shipped unassembled and banded together. one set per switch properly
identified and protected against damage. All Ofher loose parts for each switch shall be shipped in a wooden box
properly identified. Switches rated 48.3KV and below shall include insulators assembled. when insulators are
specified 10 be included. /

6.2 High strength bolts., when required, shall be color coded for easy identification, and the drawings shall be 'marked
to indicate where the high strength bolts are to be used. •

Switch Specification - Page 4 of5
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7_0 DRAWING REOUIRMENTS

1.1 Drawings 10 be supplied willi btd: (One set of the following)
Outline drawings of switch and 3C<Tsv-1es
Descriptive infonnation desaibing contacts. bearings and ratings

1.2 Drawings 10 be supplied for approval: (Three setS of the following)
Outline drawings of the switch and accessories..
Outline drawings of mechanism showing mounting on swilch siand.
Descriptive information describing CQnlaCIs, bearings and ratings.

7.3 Record drawings 10 be supplied: (Five sets of the following)
Outline drawings of Swilch and accessories
Outline drawings of mechanism Showing mounting and switch stand.
Assembly and adjustment instruClions
Renewal parts Iisls for switch and accessories.

R_O CONSIDERATION OF BIDS

Until final award of Ihe contraci is made, the purchaser reserves the righl 10 rcjoci any and all bids. waive any infonnalities.
or ac:eepl any bid OT bids which, in Ihe opinion oflhe purchaser's engineers. will serve the best inlercsl of the purchaser. The
purchaser also reserves lhe righllo accepc OJ" reject any altemates lhal may serve his best inleresl.

,"\.

Swilch Specification - Page 5 of 5
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~TPHASE

SPECIFICATION GUIDE
Combined Voltage and Current Optical Sensors For Metering

NXVCT 138kV, 230kV, 345kV, 500kV

General

This specifICation covers free standing combined oplical current and voltage sensors for use on a 60Hz
system and at system voltages 138kV. 230kV, 345kV and 500kV. The units shall be suitable for
ambient temperatures of --40°C to +SOoC at 138kV. 230kV, 345kV class. and --40°C to +40°C at500kV
class. All equipment shall be designed, constructed. and lested in accordance with the requirements of
the latesl published standards of IEC or IEEE. except where otherwTse specifically indicated by the
Purchase Order or this specification and addenda.

Reference Standards

IEEE Std. 4 IEEE Standard Techniques for High-Voltage Testing
IEEE C57.13 IEEE Standard requirements for inslrument transformers
lEe 60044-1 Instrument Transfonners - Part 1: Current transformers
IEC 60044-8 Instrumenl Transformers - Part 8: Electrical current transducers
lEG 60060-1 High Voltage lest techniques
lEe 60255-5 Electrical relays - part 5: Insulation tests for electrical relays
IEC 60270 Partial discharge measurements

General Technical Requirements

1. Current and voltage sensors design shall be based on all passive elements. Hybrid design is not
acceptable.

2. Current sensor measurement system shall" be based on interferometric principle, 'Which can provide
self-correcting capability to minimize lemperature and vibration influence on accuracy of
measurement, and producing normalized signal.

3. Voltage sensor measurement system shall be based on electrical field measurement around
Pockel's cell. with features to minimize temperature and pollution innuence on accuracy of
measurement. and producing normalized signal.

4. Current sensors shall have a continuous primary current rating of up to 3000 amps and a 63kA
symmetrical1-second short lime rating.

5. Primary voltage and current ralio to be specified on each release.
6. Optical cabling with factory tenninations shalt be supplied with optical units. Standard length of ,""'I'

optical cables is 100m (300ft). Additional length up to maximum of 400m (1200fl) is optional.
7. The optical sensors shall have a basic impulse level (BIL) as specified in the section below titled

"System Specifications·.
8. The sensors shaH have accuracy beller than 0.2% for metering applications. ,
9. CT head shall have damps to accommodate suitable for Purchaser two four~inch. four-hole NEMA

connectors for horizontal or vertical takeoff. If requested. the optional clamps design shollld
accommodate either 25mm (1") flexible cables or tubular bus up to 100mm (4") diameter.

10. Means for grounding of optical sensors shall be provided.
11. Suitable means for lifting the optical metering unit shall be provided. •
12. The insulator shall be a lightweight composite type of light gray color, the base made of galvanized

steel unpainted, and CT head shall be painted white.
13. Sensor electronics shall be capable of being powered by AC or DC voltage specified on each

release.
14. The sensor shall not use SF6 gas or oil insulation. Nitrogen at low pressure shall be used to

provide barrier to moiSlure ingress and assist maintaining specified BIL. To monilor gas pressure a
gauge and pressure switch with alarm contact shalt be provided in accordance with the Standard.
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NXVCT System Description

The combined Optical Current & Voltage Transducer system shalt be intrinsically safe, with low
maintenance and long service life. Output to be suitable for connecting to standard revenue meter HEA
(High Energy Analog) interface and easily upgradeable within the same subrack, to digital interface in
the future. The optical sensors technology should have the following advantages over conventional
technology:

High accuracy
Wide bandwidth
Wide dynamic range
No ferro-resonance
Lightweight column with Composite Insulator
Intrinsically Safe, Environmentally Friendly Design
No SF6 or oil-cellulose insulation
No mechanism for explosion
Low Maintenance
Measurement accuracy over dynamic range not affected by temperature changes and vibration

1, NXVCT System Overview
The NXVCT system should consist of three subsystems:

Column assembly
Fiber Cable Assembly including Cable Management Box with Fiber Optic cable connectors or
splices, wire terminals and sensors if required for proper system operation
Electronics Modules housed in the subrack suitable for installation in 1S- standard control rack or
cabinet

2. Subsystem Components

2.1 Column Assembly
The column assembly includes insulator column with base, current sensor head, E-field sensors and
fiber cables, and shall be suitable for installation on support structures in substation yard.

2.1.1 Composite Insulator Column
The exterior of the insulator column should be made of silicon rubber. with a fiberglass interior layer.
The column's hollow core to be filled with pressurized nitrogen gas. This preserves a moisture-free
environment and assists to insulate the HV bus from ground.

2.1.2 Base
The base provides support for the column assembly, interface for mounting the column assembly onlo , ......
support structure, the termination point for fiber cables inside the insulator column, the mechanical
interface for pressure gauges and temperature sensor if required.

2.1.3 Current Sensor ,
The multi-functional current sensor to be located on top of each column assembly. The polarization
maintaining (PM) fiber current sensor encircles the conductor. When current flows, a magnetic fl8l~ is
generated. This fl8ld changes the polarized light that is traveling through the fiber inside the current_
sensor. The amount of change shall be directly proportional to the current flowing through the bus.

2.1.4 Voltage Sensor
Three E·field sensors, mounted within the hollow column assembly, shall be used to detect the electric
field generated by the voltage on the bus. Optical fiber must be used to connect the E-field sensors to.:
the feed-through plate located at the bottom of the insulator column.

NxtPhase corpornLkln. 304{) East Broad'oNay. Vancouver. Be VSM 1Z4 Tel. 604--215-9622
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2.1.5 Fiber Cable Assembly
The fiber cable assembly includes fiber optic and copper cables and a cable management box (CMS).
The copper cable connects the temperature and pressure sensors from the column to the eMS, and to
the electronics subrack in the control room.

2.1.6 CT Subrack
The current transducer measurement subrack sends light signals to the current sensors on the column
assemblies. It then processes the light returning from the current sensors. Polarization change of the
light waveform on the retuming path is calculated to assess the Faraday shift (angle) corresponding to
the primary curren!.

The CT subrack has the following modules: power supply unites) with either DC or AC input as
required, one status/alarm module, 3 CT modules with LEA outputs, and 3 CT amplifier modules. CT
and amplifier modules are designed as plug-in and are not meant to be serviced in the field.

2.1.6.1 Power Supply Unit
The Power Supply Unit (PSU) provides de voltages required by the other modules in the subrack.
Outputs of the PSU modules are ±6 V and ±12 V. The PSU module has two LED indicators: Green ­
Power On, Red - Maintenance Required

2.1.6.2 Status/Alarm Module
The status/alarm module monitors all the modules on the CT subrack, aoo provides single-point access
to information about the status of the modules.

The status/alarm module has two indicators:
Green - Power On
Red - Maintenance required, Data Invalid. Ancinary Maintenance Required, Data Invalid Ancillary
Failure)
Status code: a seven-segmenl, single digit, numerical display
Status port: a OE-9 (serial) port

The back of the status/alarm module has contacts for:
Maintenance required (MR) relays
Data invalid (01) relays
Column temperature sensor
Column pressure monitor

The back of the status/alarm module has ports for.
IRIG¥B input (BNG)
R5-232 (DE·9), reserved for future use ,-"\
Ethernet (RJ-49), reserved for future use
RS-485 (DE·9), reserved for future use

2.1.6.3 Current Sensor Module /"
There are three current sensor modules located in the CT subrack. Each current sensor module has: '

Green LED - Povver On
Red LEOs - Maintenance required & Data Invalid
Fiber optic connection port
Low Energy Analog (LEA) output ports at the rear of the subrack

2.1.6.4 Current Amplifier Module
There are three current amplifier modules located in the CT measurement subrack, which are used to .
supply high energy analog (HEA) outputs from the lEA output of the current sensor module. The
current amplifier modules contain the following:
• three LEOs:
- Power: green
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- Maint Reqd: red
- Data Invalid: red
• high energy analog (HEA) output ports at the rear of the subrack

2.1.7 VT Subrack
The VT sensor subrack generates and sends light signals to the E-field sensors in the column
assemblies. Light retuming from the E-field sensOfS is processed in the VT subracks. Properties of the
light waves in the retuming path are used to determine the strength of the electric field inside the
column assembly core. This result yields the voltage on the HV bus.

The VT subrack has the following modules: power supply unit(s) with either DC or AC input as
required, one status/alarm module, 3 VT modules with LEA outputs. VT modules are designed as plug­
in and are not meant to be serviced in the field. To service HEA interface to meters additional Amplifier
Subrack is required.

2.1.7.1 Power Supply Unit
The Power Supply Unit (PSU) provides dc voltages required by the other modules in the subrack.
Outputs of the PSU modules are ±6 V and ±12 V. The PSU modules have two LED indicators: Green­
Power On, Red - Maintenance Required

2.1.7.2 Status/Alarm Module
The status/alarm module monitors all the modules on the CT subrack, and provides single-point access
to information about the status of the modules.

The status/alarm module has two indicators:
Green - Power On
Red - Maintenance required, Data Invalid, Ancillary Maintenance Required, Data Invalid Ancillary
Failure)
Status code: a seven-segment. single digit, numerical display
Status port: a DE-9 (serial) port

The back of the status/alarm module has contacts for:
Maintenance required (MR) relays
Data invalid (01) relays
Column temperature sensor
Column pressure monitor

The back of the status/alarm module has ports for:
RIG-B input (BNC)
R8-232 (DE-9), reserved for future use ,.,
Ethernet (RJ-49), reserved for future use
R8-485 (DE-9), reserved for future use

2.1.7.3 Voltage Sensor Module r

There are three current sensor modules located in the CT subrack. Each current sensor module has: '
Green LED - Power On
Red LEOs - Maintenance required & Data Invalid
Fiber optic connection port
Low Energy Analog (LEA) output ports at the rear of the subrack

2.1.7.4 VT Amplifier Subrack .
The VT amplifier subrack provides high energy analog (HEA) voltage output The subrack consists of .
the following modules:
• Power supply modules (PSMs)
• Status/Alarm
• Three voltage amplifiers

NxtPhase Corporation, 3040 East Broadway, Vancouver, Be V5M 1Z4 TeL 604-215-9822
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2.1.8 Merging Unit - Digital Output to lEe 61850 (Future)
Connections are provided at the rear of each subrack for conneclion to a merging unit module to
enable digital connectivity to relays. The module will have the following ports:

Ethernet (RJ-45)
RS-485 (DE-9)
GPS input (BNC)

2.1.9 System Diagnostics
The system and module status of the CT subracks is indicated by three LEOs on the front panel of
each of the subracks. There are five conditions to monitOf the status:

Normal Operation
Nannal Maintenance
Immediate Maintenance
System Initialization
No Power

System diagnostics offers 10 identify the status code of the 7-segment display on the status/alarm
module and refer to the table for fault detailed sUbsystem diagnostics and procedures with the use of
Control Panel software.

3. Control Panel Software
Control Panel Software is an intuitive interface between the subrack electronics and the user. It is to be
installed on a laptop computer, which can be moved to different locations and connected with different
NXCT systems.

3.1 System Requirements
Pentium 166MHz processor
32MB RAM
1GB HO with 10MB free disk space
Serial port RS-232
9-pin serial cable
Blank floppy disks
Windows® 95 or higher

3.2 Software Architecture
Control Panel Software is organized into four menus containing drop-down lists of commands to
configure exact parameters of the sensor and communication interfaces. Features of the software
indude:

Main Screen with:
Menu bar
Status bar messages
Status board date and time display
Number and caps lock display

The menus include
Rle
Communication
View
Help

Module view has information about:
Present status
Parameters
Upload all
Upload single parameter
Download single parameter

Registry infonnafion (system 10 & configuration)
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Alarm History Reports
System Security

System Operational Requirements

1 Reliability and Dependability
The system should require no regularly scheduled maintenance. The electronics shall be designed with
self-diagnostic capabilities and will indicate a "Maintenance Required~ status via contact closures.
Redundancy at a system level mitigates the risk of any active component disrupting the system. System
and subsystem status is initially indicated by LEOs on the subrack front panels. Fault conditions on
subracks are further indicated by the LEOs on the individual modules, and can be diagnosed through
Control Panel conflQuration software by connecting a laptop to the port on Status/Alarm module.

2 Standard Type Tests
NXVCT standard type tests are listed below.

-Short lime current -Temperature rise test -Ughtning impulse test
-Switching impUlse test -Wet test -RIV test
-EMC tests: emission -EMC tests: immunity
-Accuracy test -Vibrations test
-Low voltage -Test for proper -Test for accuracy

components anti-aliasing vs. harmonics
withstand test

Optical VeT Metering System Performance Specifications

The NXVCT meets the performance and feature specifications listed in the table below:

1. Column Technical Specifications

Parameter Performance Rating

Maximum Rated Current 3 kAm.s
Insulation class per IEC 60044-8, Y (45°C rise)
sec. 5.1.6
Customer Selectable turns ratio 3000:1,2000:1, ... etc.

without field calibration
Short-Time current withstand* 63 kJ\ms
1 s per IEC 60044-8, 5.1.4.1.2
Dynamic Current* 170 kApeak
(Ictvn= 2.7x 11h)

Accuracy Classes (LEA) Class Dynamic Range
CT for Metering IEC 0.25 or IEEE 0.3 5% -150%
VT for Metering IEC02 2% -200%
Accuracy Classes (HEA)
CT for Metering IEC O.2S 5%-150%
VT for Metering IECO.2 50%-120%
Altitude <1000 m
Outdoor temperature range -40°C to +50°C typical (+40°C for 500kV)
Solar radiation 1000 W/m~
Wind Speed 34 mls (76 mileslhr)
Insulation requirements As per clause 6.1 of 60044-7
Pollution Class Class" (III and IV available if specified)
Radio Interference < 250 ,N

r

,',
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Partial Discharge <10 DC 6) Urn and <SoC 1.2x U,J..J3
Voltaae Class 138 kV 230kV 345 kV 500 kV
Column Heieht 2164mm 3025mm 3300mm 4600mm
Cee<> Distance 3219mm 5390mm 6390mm 9290mm
Rated m volta e 138 kV,m. 230 kV 345 kV, SOD kVrms
Maximum Svslemvoltaae Urn> 145kV • 245 kV 362kV 550kV
Bll 650 kV 1050 kV 1300 kV e 1800 kV
Rated wer fre uency withstand 275 kV 460 kV 575kV 750 kV""
Switch!n 1m lse Withstand wei 950 kV 1175 kV ..
Wet DOwer freauencv Withstand 275 kV 460 kV
Static mechanical withstand, Per 3oaON 4000N 4000 N 6000N
lEe 60044-8. table 9, load Class II
Mass of Insulator Assembly 145kg I 250kg I 318kg I 695kg I

320Lb 550Lb 7QOLb 1530lb
Seismic ualification 0.5 horizontal. 0.4 vertical
Adaotable clam to bus lication de ndent
Service life {ReliabiliM >30 years
Fiber Ienalh Up 10 400m

2. Opto-Electronic Subrack Technical Specifications

AC currents to 6 kHz can be measured With the DC CT, but WIth lower accuracy.

3 dB Bandwidlh 0.5106 kHz
(freauencv resDOnse\ DC"
Random Noise Amplitude (SNR) <14 mAI..JHz (Metering)
Rated time delay <50 us
Indoor temperature range -5 <>C 10 40°C UP to 95% humidity non-condensinQ
EMC compliant Per IEC 60044-8, IEEE C37.90.1, IEEE C37.90.2,

IEEE C37.92
DC offset 3mV
In ut volta e 70-150VDC,9O-260VAC
Warm-up time <60 sec
Wake-up lime None
Bridging TIme during input voltage >50ms
failure
Transportation Per ISTA Impact test - procedure 1A Drop method

Per ISTA 1.1·Vibralion Test - Method B /l.lGrms \
HEA output Voltage & burden 69V""", 115Vrms & 5kn at O.9PF
HEA outDut current & burden 1A. & 5kO at O.9PF
Output overrange - voltage 1.1 for 500kV; 1.2 for 138kV, 230kV, 345kV
Outout overranne - current 1.5 for all voltage classes
Ou ut vol e otection Short circuit rolection on LEA
Alarms Contacts 2 wire drY relav, form A contact

"
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230KV SF6 CIRCUIT BREAKER SPECIFICATIONS

MONTANA-DAKOTA UTILITIES CO.
A Division of MDU Resources Group. Inc.

Specifications follow for _=3_ circuit breakers, shall be delivered to:

_____ Substation

GENERAL SPECIFICATIONS

Circuit breakers shall be outdoor type. SF6 puffer, single pressure, dead-tank design, three pole, single throw,
trip-free in any position, 60 Hz, electro-pneumatically, electro-hydraulically or electro-spring opeTated. The
preferred mechanism is eJectro-sping operated.

All breakers and their component parts on this order shall be designed, drawn, configured, furnished,
manufactured and wired to be identical and interchangeable.

The frame shall be ucb that the lowest live pan on the breaker or lowest point for connection to the breaker
shall be at an elevation in accordance with the National Electric Safety Code.

Circuit breakers and associated equipment covered by these specifications, and all tests applied thereto, shall
conform to the latest standards of ANSI and NEMA.

Circuit breaker shaH not be limited to a specified number of operations within a time period, as long as critical
gas pressure and critical stored operating energy is maintained within normal ranges. The breaker operating
mechanism shall not be thermally limited within the ambient operating temperature range of the breaker.

The following shall be included wilh each breaker:

Eighteen relaying type bushing current transformers, three per bushing, minimum of C800 accuracy class
fully distnouted windings, multi-ratio 2000:5 amp maximum ratio, terminated at short-circuiting terminal
boards mounted in a cornman control cabinet. Bushing current transformers shall have a minimum thermal
load factor of 1.5 at 40'C ambient.

Dual, fully independent trip circuits.

Weatherproof housing for each mechanism and control cabinet, with provisions for conduit entrances on
bottom side for Purchaser's use in field installation.

Weatherproof conduit and wiring between bushing current transformers, mechanism and control housing_

Where applicable, automatic air or hydraulic compressor/pump-reservoir equipment for mechanls~
mounted in mecbanism housing. Motor elapsed running time meter (indicating to tenths of an interval with
an bour-meler supplied on pneumatic mechanisms and a minute-meter supplied on hydraulic mechanisms),
Jaw pressure alarm contacts, and pressure gauge. "

Compressor/pump motor suitable for operation fTOm a 10-240/l20VAC source. Spring charging motor of
spring operated breakers to operate normally from 10-240/120VAC source, but shalJ have a throw~()ver

scheme for operation on 125 VDC upon loss of AC. Throw-over scheme shall include a 3 minute ~apable

time-delay relay to alarm on transfer to 125 VDC with aUlomatic alarm reset when condition is nb longer
present. Alarm shaH be wired to terminal boards and marked for customer use.

The capacity of the stored energy system shall be sufficient for five close--{)pen operations at full
interrupting rating, without the benefit of compressor operation_

Compressor capability hall be sufficient to return the system from lockout to normal (fully-charged)
pressure within one-half hour. and from zero pressure to normal within 2 hours.
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Electro-spring operated mechanisms shall be supplied with an alarm contact indicating that the spring is
not fully charged. This alarm shall have a 3 minute delay with automatic alarm reset when condition is no
longer present. Alarm shall be wired to tenninal boards and marked for customer use.

Constant operation cabinet heaters, rated for 1201230 VAC, shall be required to maintain all cabinet
interiors at an average temperature of 3-5 degrees F above ambient.

In addition, cabinets containing moving mechanisms or devices affected by temperatures below 0 degrees
F, shall have thermostatically controlled heaters sufficient to keep those components at least 20 degrees F
above their minimum operating temperatures or 0 degrees F, whichever is greater- All cabinet heaters shall
be mounted in base of cabinet and screened to prevent physical contact. Commonly available strip bar
heaters are preferred for all cabinet heat.

All thermostats shall be adjustable dial type thermostats. Thermostats used to control breaker tank heaters
shall also be remote sensing bulb type to reflect actual outdoor ambient or heated tank temperatures.

Tank heaters rated for 120/240 VAC, sufficient to allow for full interrupting capacity operation down to ­
50°C with a 20 mpb wind, with no allowance for heating of gas medium due to flow of current thru the
interrupters. Location and wattage of tank heaters should be included with bid.

Tank heater monitor & alarm system to provide a three minute time delayed alarm for loss of AC supply to
heaters. Also, tank heater current monitor relay with a 3 minute time delay alarm for Joss of current to
heater during heater operation. Tank heater failure alarms shall automatically reset when the alarm
condition is no longer present. Alarms shall be wired to terminal boards and marked for customer use.

One fused and ground-fault protected 20A, 120VAC, duplex outlet conveniently located in each
mechanism or control cabinet.

Mechanical temperature-eompensated SF6 gas pressure switch or density gauge with alarm and cutoff
contacts ~n each independent gas system.

In addition to mechanical SF6 pressure gauge(s), Consolidated Electronics SM6-0 Gas Density monitor
shall be included for monitoring of each independent gas system. It must be noted that the Consolidated
Electronics SM6-0 SF6 Gas Density monitor is NOT acceptable for use as a control device. The SM6-0
Gas Density monitor is to be only used for remote interrogation and backup monitoring of gas system.

SM6-0 shall be mounted at a location allowing easy reading of the display and fun access to the unit
while the breaker energized. Mounting inside mechanism or control cabinet is preferred.

All alarms and electrical connections from the SM6-0 shaH be wired to terminal boards in the breaker
cabinet and identified to customer use.

Should SM6-0 be mounted outside the controJ cabinet, a spare conduit (1/2" min.) shall be installed
between SM6-0 and control cabinet to accomodate communications equipment.

Power to the SM6-0 shall be routed through an interntpting device (ie. - spring-loaded momentary
cutoff switch) conveniently located in the breaker control cabinet to allow for hard reset of SM6-0

All gas pressure gauges haJJ be visible with the containing cabinet door closed.

Rupture disk on each gas system for release of excessive gas pressure.

The SF6 system shaH be supplied with separate shut off valves to each interrupter. All SF6 devices shall
be piped to a common manifold to allow for filling or testing from a single connection point without
affecting the SF6 pressure in all of the interrupters. There shall also be a main shut off valve for tJle SF6
system.

Socket type relays must be labelled on both the relay and on the socket (or on panel near the socket) if they
are not interchangable or have settings.
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Manual trip-close conleol switch (without indicating lamps) mounted in breaker control cabinet.
(NO common terminals between close and trip contacts are pcnnitted.)

DC negative (-) from both trip and close circuits shall be available for customers use.

Knife switches with separate fuses for heaters and motor control power.

Knife switches with separate fuses for breaker open and close circuits.
(NO common terminals between close and trip circuits are pennitted.)

If each pole has an individual wiring or control cabinet, all three such cabinets shall be wired and laid out
identically, then wired to the master control cabinet.

Permissive device located in mechanism cabinet to block operation of mechanism during maintenance.

Minimum of ]4 "a" and 14 "b n spare auxiliary switches.

Bushings shall be light gray polymer, rated 900 KV Bll.., with standard 4 hole NEMA pads or 1 1//' - 12
threaded studs for connections. Quotation must clarify bushing top connection. If quoted breaker is
equiped with threaded studs, breaker must furnish stud connectors to NEMA 4 hole pads. Quotation must
also indicate alternate pricing for porcelain or composite bushings.

Paint to be light gray ANSI # 70.

Mechanical "OPEN"-"CLOSE" position visual indicator.

Manual tripping device.

All provisions needed to easily mount Doble TDR 9000 travel analyzer transducers on all three poles
simultaneously.

Provisions for pulling vacuum and provisions for adding SF6 gas to the breaker, without de-energizing the
breaker. Gas system will have isolation ball valves to isolate each pole from the gas system. SF6
connections shall be DILO type.

Operation coumer visible with the control cabinet closed. Operation Counter shall advance upon breaker
opening operation.

Stands for circuit breakers to be furnished with two grounding pads at diagonally opposite comers
including provisions for attachment of a 4/0 stranded copper conductor, when the grounding conductor
must be extended up the stand for device grounding.

All interrupting poles, mechanism and control housing shall be mounted on a common structural base.

One complete set of special tools, and maintenance closing device per substation.

All additional standard features and accessories not mentioned above.

ADDITIONAL ITEMS

Quotation must itemize and include one set of the following per station:.

A. Spare tank heater, including all hardware. accessories and special tools to replace tank heater in .tbe
field. '

B. Spare bushing.
If breaker requires more than one style of bushing, include the price of each style.

C. Recommended spare parts and itemized price of eaeh recommended item.

..., .

-=7<-------------
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ELECfRlCAL RATINGS

Ratings shall be in accordance with ANSI C37.06 table 4a (K=I)

Voltage rating, KV nominaL 242

Minimum continuous current rating, amps 2000

Interrupting rating, synunetrical, KAof; . 40

Interrupting time, cycles 3

Reclosing time rating, cycles . 20

Basic impulse insulation level, KV............. .. 900

Closing control voltage, VDC... . 125

Tripping control voltage, VDC . 125

Compressor motor voltage, 10 V AC. 1201240

Cabinet heater and accessory voltage, 10 V AC 1201240

Tank. heater voltage, 10 VAC........................ .. 120/240

Ambiem temperature range* .

'COLD WEATHER PERFORMANCE

....... +40°C to -50°C

Breakers shall be capable of interrupting a minimum of 40KA synunctrical current and shaH be suitable for
continuous duty in accordance with ANSI Standards at ambient temperatures in the range of +40'C to -50'C, with
no allowance for the heating effects due to load current flow tbrough the circuit breaker. In addition to the ANSI
Standards the -50°C rating must be met with a 20 mph wind velocity.

Under these conditions the breaker must be capable of a reclosing duty cycle of the following as per the latest
published ANSI Standard C37.06:

O··-O.Osec---CO···0.33sec---CO---IO.Osec---CO---30.0sec-.-CO---90sec---CO.

If cold weather requirement cannot be met, bidder must note Ihe exceptions and stale the lowest
temperature rating thai the manufacturer can provide. Bidder must also slate whether this rating takes
inlo account heal loss due to any wind.

LEAK RATE REQUIREMENTS

A quanlitative leak rate test must be performed on the breaker with a crileria of I% or less per year on entire
breaker. Any expense to the company to maintain the leak rate of 1% for a period of 12 months must be
reimbursed in total by the breaker manufacturer.

The breaker tanks and associated castings shall be warranted against cracks and leaks due to def~ts in
workmanship or materials that cause annual leak rates in excess of I% for a period of five years and ~hall be
replaced at the manufacturers expense, (labor and materials).

If leak rate requiremenls and associated warranty periods cannol be mel, bidder must note the exceptions
lind leak rate, along with associaled warranties thai the manufacturer can provide.
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Breaker bushings and current transformers shall be d ign led a folIo\: s:

Typical Breaker Top View -Showing Bushing & Current Transformer Designations..
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This sketch indicates only the
designations for bushings & CT's.
See written specification for the
aclual number & location of CT's.

r-------------------------,
: Indicate relatlve posilion of :

conlrol mechanism and/or :

~-----~~~~~~~-~~~~~-----;

CT connection drawing must
show actual arrangement of
terminal blocks for cuslomer
connection, & CT ratio table(s).

Breaker' lO be shipped with panial internal F-6 gas pr ure to eliminate the need ~ r
unit for installation.

uation of the pole

All _3_ breakCTS, ociated parts and pieces must arrive at the destination in n bipment. Breakers shall be
uipped by truck to job 'le and delivery must be coordinated with purchaser to provide for unloading.

PRINTS AND

ive copie: of in lruction book and the follo iog Ii led d umentation (as applicabl hall be sentlo:

Electric Tranmi sion Engineering Man er
Montana-Dakota tilities Co.
400 North Fourth Street
Bismarck, NO 58501

Documentation: .. Breaker Wiring Elementary Diagrams
.. Breaker Conn ctioo Diagram
- Breaker Outline Drawings
- Connection cliagrams properly identified for current transform rs

with ratio correction factors and ondary excitation curves,
- FuJJ set of test data for each breaker including representative timeJtra el curves

Drawing approval wiD be required Drawings ball be fumi bed in Autocad fonnaL

o SIDER.~no OF BIDS

Until final award of the contract is made, the Purchaser reserv the right to reject an and all bids, waiv.e any
informalities or accept any bid or bids which, in the opinion of the Purchaser's engineers. will serve the best
inte t of the Purchaser. Purchaser also reserves the right to a cept or reject any allernativ tbat may serve hi

interest.

Any and all exception lO any part of the e pecificatioo musl be noted in the bid.

---_._----_.-.-._-_.__.._-_....._._---------------_.._.
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NOT TO BE INCLUDED WITH SPECIFICATION:

Preferred manufacturer is Mitsubishi Electric Power Products Inc

Preferred style is MEPPI 200SFMT40E.

"
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Positron telephone line isolation equipment, to withstand up to 50KV GPR; 130 VDC
input power, equipped for up to two dial circuits (loop start) and up to five dedicated 4­
wire data circuits (up to 64kblsec data rate); mounting dimensions 31"W x 14"H x IO"D.
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Montana-Dakota Utilities Co.
Relay Requirements

Ellendale WF 230kV Substation

First Prepared: 11/04/2004
Last Revised: 11/1212004

Introduction:

This specification describes the general requirements for protective relaying required at a
230kV, 3-circuit breaker ring bus substation arrangement, to be established
approximately 1/3 the line distance west of the Ellendale Jet Substation toward the
Wishek Jet substation, on the 230kV Ellendale to Wishek transmission line.

Relaying requirements for Ellendale WF to Ellendale Jet:

Two primary relay schemes are to be installed. The two schemes are to be PQrr
communications assisted utilizing one common frequency shift tone power line carrier
communication channel. The POTT frequency shift tone channel is 112 of a dual
frequency shift tone channel such that if both tones are "keyed" or "received", a direct
trip will result, which is used for breaker fajlure remote tripping. A direct trip receive
shall assert inputs into the two line protective relays for breaker tripping.

First relay to be a SEL-421-1415XI65IHX
This relay will be used POIT with weak-in-feed & echo, step-zane-distance,
sync-check & linelbus permissive, high speed auto-rec!osing, out-of-step
blocking, breaker failure initiation, etc.

2 - Megger/States FMS style lest switch, PIN 193R-330EH-ST, Pos. A: FMS­
lOE-ST; Pos. B&C: FMS-IOA-ST, 19" rack mount; 3U high; 30 switch test
switch block, Pos. A: 4P6C; Pos. B&C: lOP; stud terminals, all switch handles to
be "Black", and with standard Black cover

1 - Megger/States FMS style test switch, PIN 193R-330A-ST, Pos.A;B&C: FMS­
IOA-ST, 19" rack mount; 3U high; 30 switch test switch block, Pos.A;B&C: lOP;
stud tenninals, all switch handles to be "Black", and with standard Black covers

Second relay to be a SEL-31 IC-014232546X
This relay will be used POIT with weak-in-feed & echo, step-zane-distance,
sync--check & linelbus permissive, high speed auto-reclose initiation, out-of-step
blocking, breaker failure initiation, etc.

1 - Megger/States FMS style test switch, PIN 193R-330EH-ST.

1 - Megger/States FMS style test switch, PIN 193R-330A-ST.
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Breaker Failure relay 10 be SEL-501-003X561BXB
This relay to provide breaker failure protection for up to two circuit breakers.

2 - Electric Switch series 24 type LOR-781OD Lockout Relay. 10 Decks. 30-140
VDC Coil, Hand Reset

2 - Type Ef-16 Red indicating lamp

2 - MeggerlStates FMS style test switch, PIN 193R-330EH-ST.

Relaying requirements for Ellendale WF to Wishek Jet:

Two primary relay schemes are to be installed. The two schemes are to be POIT
communications assisted utilizing one common frequency shift tone power line carrier
communication channel. The POIT fTequency shift tone channel is In of a dual
frequency shift tone channel such that if both tones are "keyed" or "received", a direct
trip will result, which is used for breaker failure remote tripping. A direct trip receive
shall assert inputs into the two line protective relays for breaker tripping.

First relay to be a SEL-421-1415X 1651 HX
This relay will be used POTT with weak-in-feed & echo, step-wne-distance,
sync--check & linelbus pennissive, high speed auto-reclosing, out-of-step
blocking, breaker failure initiation, etc.

2 - MeggerlStates FMS style test switch, PIN 193R-330EH-ST.

1- MeggerlStates FMS style test switch, PIN 193R-330A~ST.

Second relay [0 be a SEL-31IC-OI4232546X
'Ibis relay will be used POIT with weak-in-feed & echo, step-zone-distance,
sync--check & line/bus pennissive, high speed auto-reclose initiation, out-of-step
blocking, breaker failure initiation, etc.

1 - MeggerlStates FMS style test switch, PIN 193R-330EH-ST.

1- MeggerlStates FMS style test switch, PtN 193R-330A-ST.

Breaker Failure relay to be SEL~50l~OO3X561BXB

This relay to provide breaker failure protection for up to two circuit breakers.

2 - Electric Switch series 24 type LOR-781OD Lockout Relay, 10 Decks, 30-140
VDC Coil, Hand Reset

2 - Type ET-J6 Red indicating lamp

2 - MeggerlStates FMS style test switch. PIN 193R-330EH-ST.

Relaying requirements for Wind Farm Tap:
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SEL prOlective relay devices for bus/linelstcp-up transformer - to be determined

Interconnection protective relay(s) to be SEL·351-7IH35546XX
This relay(s) to provide the following functions: 8JUF, 810F, 27, 59, 590, 46,
47. The relay(s) may also be utiLized to provide other protective functions as may
be appropriate. To maintain substation station power, it is recommended that this
relay(s) trip low voltage circuit breakers.

I - MeggerlStates FMS styJe test switch, PIN 193R-330EH-ST.

J - Megger/States FMS style test switch, PIN 193R-330A-ST.

The following are required for each 230kV circuit breaker:
See "Switchboard Design Specifications" for additional details on the following
items:

I - 43R selector switch.
I - Sync-selector switch
I - 52CS - breaker control switch
Indicating lights

Other required devices:

I - SEL-2030·00X30XXXXX Communications Processor
All above devices to be connected to this device for dial-up remote access.

I - Starcomm Modem, part number: 240-0199
For use with above SEL-2030

1 - Schweitzer Engineering SEL-C220 serial cable, 1.5 rt long
For SEL·2030 to Starcomm Modem

3 - Panel melers: SATEC PM130P-U-5-1AC-OO-OO POWERMETER 120VAC 5A
120VAC-PS

All protec[ive devices to be GPS Satellite-Controlled clock synchronized. Arbiter Model
I084CJIOIOI with 110-275 VDC terminal JX>wer strip w/surge withstand and LCD back
tighL For rack mounting. Include antenna, cables and mounting.
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D20 RTU 2 ModemsIMEII ABl2SBlIKR-4K12
FaiJover Power Supply

84" Cabinet

1 - D20 RTU - Conlains the following equipmenl:
• I WESDAC D20 202 BIN MODEM 52(}.()120

• I TElENETICS 2 Wire dial Up 2400 Bd 580-0773

• 1 D20ME(2M Aash,512,L5M,VME) 526-2005

• I WESDAC D20A 32 Aoalog 511-0101

• 2 WESDAC D20S 64 Status 507-0101

• 1 WESDAC D20K 32 Cootrol 508-0101

• I WESTERM D20AB (Barrier) 517-0328

• 2 WESTERM D20SB (Barrier) 517-0327

• I WESTERM D20KR (OB25) 517-0143

• 4 WESTERM KI2 (Barrier) 517-0147

• 1 D20 FULL VME BIN (MX) 500-0280
• 4 Cover plate 10.3" 953-3016

• I Cover plate 5" 953-3018

• I WESTERM D20M (Chassis mount (I) VME 517-0230

• I 020 POWER SUPPLY (2()-6()Vdc) 580-0296
• I FAILOVER IIOVaclI25VDC - 24Vdc 580-0719

• 4 D.20 CABLE ASSEMBLY 977-0089/12

• 4 CONTROL CABLE ASSEMBLY (72") 977-Q069n2

• 2 RS-232 CABLE ASSEMBLY 977-0098124
• I WESTMAINT CABLE (OB9 - DB9) 977-0048/96

• 15 WESTERM DUCT PANEL 560-0008

• I 0.20 Tcnninator 977-0049

• 32 ANALOG SCALING NETWORK (SId val) 530-0050

• I NEMA 12 84" 2 RACKS 955-4904
• t Drawing Pocket for fi.xed frame cabinets 955-4805

• 64 RELAY lOA 28V 2C-24V 410-0039

SOFTWARE APPLICATIONS

• New Software Based DO SABI575100
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SUBSTATION

SWITCHGI!AR SUMMARY
MARK QTY. DEVICE

NO. DESCRIPTION
NO.

I Synch..-onizing Switch - GE S8l Model - 16S81CF9
55w-ith Removable oval handle Model. 16581CC7

HAlll' XANJ>U: POSrrIONS (lRONTVIZW)
ONSB-l0swrrcxrs

CONTACT ARllANGIHINT

~~ ~ ~
lfA:Rl' tA.T. STAGES

l1All:K -X-rOR Cl.OSII> CONTACT
Wrr:KAI>OT.(.)l COlfl'ACTI XAm>LI POSIl1OlfS (BACl'VIZW)1lAlIDlJ!am

ODDEVI!R
2 1

0+0 0-11-0 I

~~ f! c;:]
,

0-11-0 0-11-0
,,

0-11-0 0-11-0 5,
0-11-0 0-11-0 1

• (Jl.(nr J1QII I• II OPO" < SYNCHROSCOPE
o-lt-o 0-11-0 10 •• ~n(_.- 0 ..... ,..

0-11-0 o-lt-o II I OFF
l'

0-11-0 o-lt-o " 2 Or<

0-11-0 0-11-0

0-11-0 0-11-0

o-lt-o 0-11-0

0-11-0 0-11-0

0-11-0 0-11-0

0-11-0 0-11-0
.rD_D •• rD_
!~DeA%:r.

=r""""J'CTlOtI IAJDU:S ISCUTCIZOB COVlR(NIl1AI) 1&1
HAIlITADIl!DAll ro SITIDNl lID KNmUI1> 0 1&1 -----------------------------------------------_._--------------- STANJ)Allb

SPRING JU.TURl1" l!C'l.1CN OVAL !D ·WATlRTIGHT (lRl1A. m IV)
0tP. nDKCCWlOS. , I.P. noUClV"PCH.

0 ·1>tlSTI'IGHT (RI:l1A V),
0

TAll:GIT

llOuros D1OO: noUPCH oro D PISltlL GRIP ----------------- ·on rULED (mMA VIII) 0
-----------------~--------- .._._----- un%> lOR 0
:ru.mT. 10 S. I I I I I tlVlR 0 RII10V'". XANI>U IXPlOSIQN PRoor---_._-------------------------------

0
RIMOV'". nuos - (ml1A vnCIASS 1 CR1» 0

PtJll10 IDCli::DfroJ. 0 'Oum> -----------------
0

110'" 0 ·rAB.I1IT,lo.l (NIHAI) 0ll:A:DllI.l
lUI OlJTBllOW lOR SB-10

SlIClAJ.
'-mll.-.tE UTG.

t. PISTOL GRn' 01.6.TJ:Jtlt.l. AI; TIOB

NO llOTAmtG WHEN ill OUT 110'" 0 &Aml DUCJrnlSS 1 INCH Il1AINTAINING (IN &e oUT)

SIRING RITIlRNTO ill OUT

PUSX I PULl I IN POS. SPECIAL REMARKS

TO CLOSE CONTACTS

TO OPEN CONTACTS

(C:lOSS OUT1'Bl!ACTlDDWHl{;HDOE!S
lIDTAPI'l.Y)

II REV --- SHEET NO. OF ---
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Revised 02102

SUBSTATION SIGN SPECIFICATION

SIGN SIZE (I) MATERIAL (2) LOCATION (3)

Vicinity of bancryNon-Conductive10 x 14CAUTION (4)

Face shield, apron and rubber gloves
required when handling batteries or
.~~~!l.ft~_~~:~.. _._ ._ _. . . ._ ._. . . .__ .._
Safety Sign #10-02-229-P-4 (plastron) World Wide #CX229F-4 (Fibertex)

.~?~~~.~.~~;~;~~?~~_!~~_~_.. __....~~~.~~ l__ ~~.~~~~~~_~~.~~_._l~i~~~.i~~~~~~= . _
Safety Sign #10-01-D18-P-4 (Plastron) Stonehouse #93BDN20 (Lxsigns)
World Wide #DX-18F-4 (Fibertex) Electromark #SI67-FG

DANGER 10 x 14 Self-Adhesive Battery room doors

~?~.~~~.~_~~y.?~.~~!~-~~~._-- -- .. -- __ .-_ _ _._ _ - _.._ _. __ _ _ - -_. -_ .. -
Safety Sign #10-01-521U-2 (Durapress) World Wide #DX-521R-2 (Presstex)

.. ._ ~.~.~_~.~~_~~! _.l __ ~~.~_~~__ .l._._~~~~~~~~~~~.~ J;~~~~~~.i~.~_~:~_~~.I_~~~.~i.~.~~J.~ .
Safety Sign #10-5O-D14U-2 (Durapress) Stonehouse #44BWD36 (Vinyl)
World Wide #GX-1014R-2 (Presstex)

.. . ~~! 1..!~_~ _~~__ J ~~~ !~~~~~j~_c: __ J!?~~_~~_i~_~ .l.e:~~_~i.r.~~.~.?!J.~.i~l? .
Ready Made #G-7544 (Vinyl) Safety Sign #1O-50-213U-2 (Durapress)
Stonehouse #44BRD21 (Vinyl) World Wide #GX-1213R-2 (presstex)

FIRE EXTINGUISHER 4 x 18 Self-Adhesive Vicinity of or on fire extinguisher
4 x 20
4 x 24

Ready Made #AD-502 (Vinyl) Safety Sign #04-55-021U-2 (Durapress)
Stonehouse #44JWF19 (Vinyl) World Wide #7021 R-2 (Presstex)

_____ . .__~~.~~_AID ~~ l ..~~xx ~.J.. se~f'~~CSI~.~._J~~;;~:;~~;~~!I_;~.;~.~~.~~.~~~~.t .
Safely Sign #07-50-00IU-2 (Durapress) World Wide #GW· 100 I R-2 (prcsslex)

DANGER HIGH VOLTAGE 14 x 20 Porcelain Enamel, By substation fence entrance gate(s)
KEEP om steel with approximately equidistant
wi manzap distribution around the fence (on

larger fences, spacing not to expeed
................._ _ .__ . . _ ~Rp~~~~~~~.Iy'.I.~~) .__ .:.--:.: .
EXAMPLE IS AITACHED

.=~.~~~~).~.~~~~~~~~:__l__ ~~_~.~~ t._ ~;~;~;t _.~~~.~~~.i~.~~.~~.~~~.~.~:~~~~ ..~ _
MDU .

SUPPLIER (NOTE: $20.00 Mlmmum order)
Note I: Other sizes acceptable upon approval
Note 2: Other materials and methods of fastening

are acceptable upon approval
Note 3: For material detennination only
Note 4: Optional sign.

Electromark
Ready Made
Safety Sign
Stonehouse
WorldWide

1-800-842-1052
1·800-544-2440
1-800-321-8855
1-800-525-Q456
1-800-222~7744

Fax
Fax

Fax
Fax

Fax

1-80ll-842-U081
1-800-222-1934
1-800-6h~-5535

1-800-255-0883
1-800-8824477

Page I of2



Must Comply with ANSI Z535 Standard
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j(EEP OUT.
14" X 20" Porcelain Enamel, Steel
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SWITCHBOARD SPECIFICATION APPENDIX "A"

Substation Switchboard Label Code

r FRONT PANEL DESIGNATION

4AQ I - Typical Front Panel Address
(4) - Panel Number

(AQ) - Device Identification & Location
(I) - Wiring terminal

4AQGl -As above, except Green
indicating lamp associated with device
4AQ - Wiring terminal 1

DEVICE LABELS:
A - Istletter

A-Y - 2nd letter

I
then alIer exhausting A labelling

B-1st Jetter
I A-Y - 2nd letter

I
FUSE LABELS:
F - 1st Jetter

; A-Y - 2nd letter
iITERMINAL BOARD LABELS:
iT - 1st letter
·1 A-Y - 2nd letter
Tenninal boards mounted in columns

I to be numbered consecutively from top
to bottom.

AUX PANEL DEVICES:
X - Istletteri A-Z - 2nd letter

I Does NOT include fuses or terminal
, boards!

I REAR PANEL DESIGNATION

14CLI - Typical Rear Panel Address
(4) - Panel Number

(eL) - Device Identification & Location
(2) - Wiring terminal

4CLR2 -As above, except Red
indicating lamp associated with device
4CL - Wiring terminal 2

DEVICE LABELS:
C - I sUetter

A-Y - 2nd letter
then after exhausting C labelling

i D - 1st letter
I A-Y - 2nd letter

I FUSE LABELS:IU ~ 1st letter
I A-Y - 2nd letter

I TERMINAL BOARD LABELS:
I R - 1st letter

A-Y - 2nd letter
Terminal boards mounted in columns
to be numbered consecutively from top
to bottom.

AUX PANEL DEVICES:
Y-lstletter ''''I

A-Z - 2nd letter I
Does NOT include fuses or tenninal i
boards! / i

---------'----'

Following letters may be used in device labelling:
A,B,C,D,E,F,H,J,K,L,M,N,P,Q,R,T,U,W,X,Y

Following letters may NOT be used in device labelling:
G (confused with 6), I (confused with 1),0 (confused with 0),
S (confused with 5), V (confused With Ul, Z (confused With 2),

Revised 11/11/04 - DLA
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SWITCHBOARD DESIGN SPECIFICAnONS

MONTANA·DAKOTA UTILITIES CO.
A Division ofMDU Resources Group. Inc.

HH*******......*·****GENERAL DESIGN***********·**··"
These specifications describe the basic requirements for the design of electric substation control
switchboards.

DEVICE SELECTION

Whenever possible, standard devices should be chosen from the list of ·Preferred Materials for
Switchboard Design". -Alternates" indicate device makes that are nearly equal in preference, while
·Substitutes· should only be used when preferred devices are unobtainable, when it's necessary to
conform with existing construction, or for another good reason.

DRAWINGS

Drawing approval will be required.

All drawings will be digitally reproducible in AutoCAO format and be acceptable to the purchaser.
Scaled drawings shall be sized to print to scale on 22" x 34" paper prints:

The following drawings are required in association with the switchboard: control cable connection
diagrams (from any device or equipment. to any device or equipment, where multi-conductor cabling is
to be installed), elementary (schematic) diagrams (these drawings are to indicate exact wire between
exact device terminals), switchboard assembly diagrams (dimensions for panel pieces and how they
are assembled), relaying one line, switchboard elevation layout (showing device physical locations
with dimensions) and switchboard wiring diagrams (showing rear views of devices and exact wiring
from a device to the remote device via device address and terminal numbeL)

In addition, a Switchboard Summary (material list) shall also be produced in MS-Word format
acceptable to the purchaser and sized to properly fit standard 8 1/2· X 11" paper.

Elementary diagrams and switchgear summaries both to show all switch contact arrangements.

All elementary diagrams will be made as point to point drawings. (These drawings are to indicate exact
wire between exact device terminals.) All devices shall be clearly labeled with respect to ANSVIEEE
function number and the switchboard device address and exact terminal number on the appropriate
control cable, elementary or wiring diagrams. A conscious effort should be made to produce ordellly
elementaries that are arranged for best clarity and ease of use. The elementary drawing's clarity
should be optimized at the expense of the "physical· wiring. These drawings should include all
necessary information. but individual drawings should not appear ·cluttered·.

F

Where the internal details of a very complex relay or device are not necessary for the scope of a
particular drawing, the relay or device be reduced to a ·box· (with leads identified) on that drawing.
Details on the complex device must be made available elsewhere. Generally simple coils, .01:Jtput
contacts, switch contacts, diodes, resistors, and other ·basic" elements, etc. are adequate. ,..

Switch contacts are to be shown as ·open". However, switch contact arrangements shall be shown at
a logical place relative to switch usage. Example, a 43R switch contact arrangement should be shown
on either the circuit breaker close elementary or on the circurt breaker trip elementary for the circuit
breaker to which it belongs.

Elements of potential and current circuits should be drawn ABC or ABCN, top to bottom or left to right
wherever possible.

Elementary diagrams should indicate contact assignments on all multi·contact relays e.g. 86T, 86B,
868F, 94, etc., all control switches e.g. 52CS, 58. 79/CO, 43R, 43M, test switches, multi·contact and
micro-processor based relays, all circuit breaker or other device auxiliary switches, 52a, 52b, etc.

Switchboard Specifications - 1 of 16
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DEVICE INSTRUCTION BOOKS

5 - copies of instruction books are required for all relays, meters and other electronic devices.

CABINET CONSTRUCTION

Switchboard cabinets shall be designed and constructed in accordance with the latest revision of the
~Switchboard General Specifications·. Cabinets are to be 19· rack style, 3-sided with ·open- rear
sides. Cabinets to be a standard 47U height, 24· wide x 24· deep. Cabinets to have dress frame
fronts, and fUll size side mounted sub-panels. Exposed sides are to covered with solid sides. Unused
areas of the front sides are to be covered by blank plates, 3U size or smaller.

Devices mounted inside the cabinet, such as transducers, surtace mounted relays, auxiliary
transformers, fuse blocks, terminal boards and the like that are mounted inside the cabinet. shall be
mounted on a sub-panel, mounting track, mounting rail or grid, or unistrut, etc. intended for this
purpose. Mounting tracks, rails, etc. may be welded in place or bolted to the cabinet rack mounting
rails, or to cabinet side mounting rails such that the cabinet front face cover plates are not marred by
screw heads etc.

Each cabinet to be equipped with 1/4- x 1" ground bus bar, drilled and tapped atl· intervals for #10-32
machine screws. Ground bus bar to be mounted inside the cabinet, horizonlally, near the bottom of
the cabinet front. Each ground bus bar must have provision for connecting 1/0 to 4/0 stranded copper
ground conductors at each end of the bus.

Cabinet finish to be painted ANSI #70 or ANSI #68 light gray.

Exact construction to be used must be shown with approval drawings. Cabinets must be rigid and self
supporting. Cabinets must be designed and constructed so that reinforcements and wire ways do not
interfere with subsequent maintenance or replacement of wiring or devices. In no event shall any rigid
part of the cabinet or rigid~mounteddevice, wire way cover or other obstruction approach within 1-112­
of wiring terminals.

CABINET ARRANGEMENT

Individual cabinets may be arranged in a single row, or (preferred) in two single rows with a single open
aisle between the rear sides of opposite facing cabinets (similar to a duplex style arrangement).

The top of the cabinets is to remain essentially open to allow light to enter and free air ventilation. Any
overall building/control cable entrance or any other design that blocks overhead lighting shall require
additional switched AC and separate switched DC lighting to be installed inside cabinet areas.

A roofed and end capped "tunnel duplex· switchboard is not acceptable.

AUXILIARY PANELS

Fuses shall be mounted on auxiliary panels located at the top rear of the cabinet or on the cabinet
sides. Other small devices will also be located on the auxiliary panels or on the cabinet sides. Jhese
devices should be arranged to best allow for future additions to be mounted on the auxiliary panels or
cabinet sides. Auxiliary panels must not block working access to any devices/wiring behind them.

All swinging auxiliary panels over 28· in length should be split and hinged on both ends. All wiring is to
be neatly bundled and brought to a hinged end so as not to impair the swing of the panel. vy,iring to
swinging auxiliary panels shall be 41 strand.

No tripping relay shall be mounted on a swinging panel.

Switchboard Specifications - 2 of 16
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NAMEPLATES

Nameplates shall be either engraved or commercial plasto-plate type, sizes as follows:

Panel Nameplates 3-112" x 1-1/2", 1/4" letters, 18 letters per line, 3-lines max.

Relay and device nameplates for devices mounted and showing on cabinet face, 2-1/2" x 1", 3116"
letters, 181etters per line, 3-lines max.

Fuses and other devices mounted on rear of cabinet, on auxiliary mounting panels or on cabinet
sides, 1-1/2" x 314",1/8· letters, 15 letters per line, 3-lines max.

ORDER OF DESIGN

It is recommended that the following order be used in switchboard design:

1) Evaluate the basic needs, and select overall schemes to be used

2) Design a Relaying One-Line showing these schemes more specifically

3) Determine specific requirements for relays and devices required

4) Select and requisition relays, devices and other material needed

5) Design Switchboard Layout, based on standard locations and reflecting actual switchyard
arrangement.

6) Prepare Switchboard Wiring Diagrams showing device locations, and terminal board
assignments where possible.

7) Draw Elementaries keeping actual device locations in mind

8) Complete Switchboard Wiring Diagrams, according to EJementaries

**********UUUflUBASIC WIRING STANDARDS******u******

WIRING - GENERAL

All wiring shall be installed in a neat and workman like manner, and shall be adequately protected
where necessary to maintain insulation integrity.

WIRING - CONTROL CABLES FROM REMOTE EQUIPMENT

All control cables will be brought into either the top or bottom of the switchboard depending on control
house construction (overhead cable way vs house trench). Provisions must be made for routing,
supporting and terminating the control cables along the outside of the appropriate terminal boards.

All terminal boards containing control cables for remote equipment should be grouped at} the
switchboard.

When cabinets are arranged in a "duplex" style arrangement, control functions typically go to th~ fr9nt
cabinet, while current and potential may go to either front or rear as required. This includes breakers,
eT's, PT's, transformers, supervisory and transfer trip equipment On the switchboard/wiring
diayrams, these terminal boards should be labeled as to the device where the cable goes and
terminals should be labeled as to the function.

All control cable conductors are to be terminated on the outside of the terminal boards (terminal board
side away from cabinet front) in succession. For cables entering the switchboard from the bottom, this
shall begin at the bottom terminal of the bottom terminal board (vertical position) working upward. For
cable entering the switchboard from the top, this order is reversed, and connections shall begin at the
top terminal of the top terminal board (vertical position) working downward.
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Each 12 conductor control cable shall terminate on a single 12 circuit terminal board. Four conductor
control cables bearing current circuits shall be terminated on four terminal short circuiting type terminal
boards. No other connections are to be made to the outside of these terminal boards.

Where possible, connections shall be made at the switchboard or at the equipment to minimize the
number of control cable conductors used. However, for circuit breakers, circuit switchers, motor
operated switches, switches with position following auxiliary switches, and transformers, a minimum of
20% of control cable individual conductors should be left free for future use. Alternately, a completely
spare control cable of a similar size may be installed after each 5th cable. All spare control cable
conductors shall be terminated and grounded at the switchboard end. Jumpers may be used going
from terminal board terminal to terminal board terminal, then the last connection shall be to the
switchboard ground bus.

Color coding of 4 conductor control cable for current circuits onty is BLACK - Phase A, RED - Phase
B, GREEN - Phase C. WHITE· Neutral. The neutral is grounded only at the switchboard end.

Potential devices to have neutrals grounded only at the switchboard end.

Switchboard terminal boards may be used for terminating the power supply cables from the
switchboard to the equipment when normal control cable gauge conductors are adequate for the
ampacity required. Control cables may also be routed directly to AC or DC panel boards. DC and
single phase (2 wire) AC should not be combined in a single control cable. Color coding for these
cables should be the best compromise of NEMA standard colors for power circuits. For equipment
requiring 3-phase or 3 wire AC. separate cables shall be used. When heavy gauge conductors are
required for power distribution, these conductors or cables should be routed directly to AC or DC panel
boards.

Shielded control cables provide the best electromagnetic and electrostatic shielding when both ends of
the shield are grounded. However special attention must be given to protecting the shield from being
damaged by heavy stray fault currents. There must be sufficient ampacity developed either by the
number of shields, or by parallel ground conductors laid in the same trench. In cases where it is
impractical to do this, the shield may be grounded only at the switchboard end. However it must be
recognized that the electromagnetic shielding is then lost. and a possibly harmful high voltage may
develop on the ungrounded shield at the equipment end of the cable. (Depending on the geometrical
and electrical characteristics of the installation).

Switchboard grounding of control cable shields shall be directly connected to the switchboard ground
hus.

Only Shielded control cables shall be used.

WIRING - FIBER OPTIC CABLES FROM REMOTE EQUIPMENT

1 ~ Fiber optic cable shall be run from a patch-panel with a 96 fiber count capacity to each cirCuit
breaker. Patch-panel to be mounted on a control house interior walt at a convent location for running
cable to switchboard and to switchyard equipment. A minimum of 12 simplex optical fibers per cable.
Fibers are to be multimode, and either 62.5J.1m or 50Ilffi. Cable to be rated OFNP, Plenum ~ted,

orange color. Cable is to be dry type, not gel-filled. Rber optic cables are to be run in conduit with
other control cables. Termination of fibers to be by MDU.

WIRING - INTER-CABINET

All interconnections between switchboard panels shall be through terminal boards, except ground bus
bar. This method of interconnection will allow panels to be separated for shipment. Interconnecting
wire is to go from the outside of a terminal board in one cabinet to the outside of a terminal board in
another cabinet.

Interconnecting wires shalt more or less start at the terminal board at the opposite vertical position from
the control cable starting point. Interconnecting wires are to be connected on the outside of the
terminal board.

Terminal boards for connection of RTU control, indication. and telemetering shall be grouped and
arranged as shown below:
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Where cabinets will be assembled in a "duplex· arrangement, wiring between front cabinets should be
routed through an overhead wireway, mounted along the rear edge of the front cabinets (in-line with
terminal boards). Wiring between rear cabinets should be routed through a similar wireway along the
rear edge of those cabinets (in~line with terminal boards). Wiring trays are also to be provided at the
top for front-to-back panel wiring. unless the building design includes a cable pit or trench system
designed for minimal length wire runs between front and back cabinets.

Vertically routed wiring (control cables. inter-cabinet wiring, etc.) should be enclosed in perforated or
slotted wire ways of suitable size with removable covers.

Particular attention must be made to the length and bundling of fronHear inter-cabinet wiring so that
this wiring will properly fit the cable pit and buried conduit (or overhead cable tray if so designed).

Where cabinets must be separated for shipping or installation, the interconnecting wiring should be
bundled and wires individually marked to facilrtate reconnection at jobsite.

Circuit Breaker & Line C&I

to RTU

OU1side terminal 1 Inside terminal Outside lerminal

•• eel Breaker

2 T52a Position

•• •• Ind.

3

•• Close+
4

Close••
5•• Trip+
6•• Trip

7•• kVoll+
8•• kVolt-

,~

9•• MWatt+ ,
10•• MWatt-

11•• MVar+
12

•• MVar-
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WIRING - DEVICES

Connections should be limited to two per terminal in all cases, except control switches and hand reset
lockout relays, which should be limited to one per contact.

All switchboard cabinet, device, and terminal designations shall be assigned according to the Standard
Substation Switchboard Code, as shown in Appendix A.

With respect to terminal boards, potential and current circuits should be connected ABC or ABCN. top
to botlom or left to right.

GROUNDING

All individual circuits requiring -ground- connection should be terminated at the switchboard ground bus
bar. No two individual circuit grounds should be connected together at a terminal board or other
terminal. A circuit should be -groundedMat the bus bar only.

Grounding of secondary neutrals of remote switchyard devices. such as PTs, CVTs, or CTs shall be at
the switchboard only. Their respective control cable neutral conductors shall be terminated at a
switchboard terminal board, then the terminal board inside terminal shall be connected to the ground
bus. From the terminal board inside terminal. a second conductor shall then begin the distribution of
this specific neutral to all devices requiring connection to this neutral. The ground bus shall not be
used to "distribute" a neutral.

FUSES

Fuses for each switchboard cabinet shall be mounted on hinged auxiliary sub-panels 8~, 12" or 16M

high and located at the top rear of each switchboard cabinet. Fuse sub-panels must not block the
maintaining of wiring or devices behind it. Fuses should be arranged to allow for maximum additional
future devices to be mounted on this paneL

Fuse terminals should be numbered as follows:

Single Pole Doublc Pole Triple Polc

Fuses also to be identified with respect to: Fuse type and size, phase, voltage-AC, VOltage-DC with ,(~)

& (-), 3-Vo. and circuit name.

TEST SWITCHES

Test switches furnished shall be of FT-1 style test switches with ~stud type terminals." FT-1 Test
Switches are to be used in current and potential circuits of transducers and meters to allow testing of
these devices while leaving other devices in-service. Tieftnterconnection transducers shall have
separate test switches from those used for tieftnterchange meters. See Mtypical switchboard material
listMfor approved test switch types.

TRANSDUCERS AND PANEL METERS

Unless otherwise specified. transducers may be mounted on a sub-panel with the fuses, on a sub­
panel mounted to a cabinet front plate. or sub-panel on the side of the cabinet. Cabinet location to be
common with the line, etc. being metered, or in the cabinet common to the meters monitoring the same
line, etc.. WattlVar transducers are to be 3-element, 4-wire type.
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Digital panel meters and transducers are to be powered from CCVT's or PT's on the line or bus being
metered. Digital meter power supplies shall be unswitched. as many types of meters require a warmup
time before accuracy is reached.

When pulses from WHOM's are recorded by separate devices, a 2 or 3-output isolation relay is to be
used between each WHOM and the recorder leaving spare pulse outputs for SCAOA·RTU. Relays are
to be mercury waned type with form C contacts. For tie/interchange meters onty, new RTU
installations are capable of direct digital poling access (Modbus protocol presentty used).

LOCKOUT RELAYS

Lockout relays should be wired to:

1) Trip respective breakers or circuit switchers.etc. directly

2) Block auto-reclosing and drive reclosing relays to -Iockout-.

3) Block all closing of tripped breakers

4) Initiate breaker failure relaying (when used)

5) Provide indication to annunciator and RTU

6) Key transferred trip or carrier circuits where applicable

7) Short current circuits where applicable.

To facilitate maintenance, all used contacts from lockout relays should be brought out to terminal
boards and terminated in succession. All normally open tripping and indicating contacts used should be
wired through SPST FT·l styte test switches to allow testing of lockout circuits. and also allow test
tripping of individual breakers. (Contacts wired to short circuit current circuits going to -operate- coils of
relays must not be wired through test switch contacts.) Unless otherwise noted, two spare normally
closed and four spare normally open contacts shall also be brought oul in this fashion. Contacts on the
lockout should be used in numerical order, leaving spares on the rear end. Test switches should be
ABS -Rexitest- type FT-1 or similar with stud type terminals and to potential type poles.

Lockout relays and associated test switches shall be supplied with maximum number of contacts
available on these devices.

Lockout relays shall have a red indicating light located directly above them. This light shall indicate
continuity of the lockout relay trip circuit.

Differential cutout switches shall be connected to short circuit appropriate terminals of electro­
mechanical differential relays (if used). give indication to appropriate annunciator point if available,
open the DC tripping contact circuit of the differential relay and, if all tripping of the lockout is blocked,
open the red indicating light circuit to indicate an -Out of Service- condition. When micro-proce~

type differential relays are use, differential cutout switches shall assert a relay digital input when the
cutout switch is in the -Normal- or -Oifferentialln-Service- position.

LOCKOUT RELAY TARGET-PULL CIRCUIT

Due to the high operating speed of the type LOR relay. target setting may be unreliab~on the initiating
relay. For a breaker failure lockout or other lockout having only a sing~ initiating relay. target setting
will n01 be a concern, as there can be little doubt as to which relay initiated the trip. ,,.
However. when there are multiple electro-mechanical initiating relays that require sufficient time &
current to set targets, the lockout circuit should include a provision for insuring proper targeting# This
can easily be accomplished with the addition of the circuit shown below. The 52a contacts may be from
one or more of the breakers or switchers that the lockout trips. as long as there is certainty of at least
one of these contacts being closed before the lockout operates. Note that this circuit will not affect the
proper functioning of the red light. This circuit is not required if all initiating relays used are micro­
processor based.
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250 ohm
100w

Trip
contacts

Current operated
larget or seal-in

... ...__..... .....__• coils.

(+) --.-----.--.....- ......- ......

(-)

Circuit Breaker
52a's

PROTECTIVE RELAY A.C. CIRCUITS

Wherever possible, primary, secondary, and breaker failure relays shall utilize separate current
transformer circuits. Otherwise. secondary and breaker failure relays may share a common current
circuit. Indicating metering may be applied to CTs used in the secondary relay circuit.

A.C. potential circuits to primary relaying. secondary relaying, metering, synchronizing and fault
recording devices shall all be fused separately.

PROTECTIVE RELAY D.C. CIRCUITS

For electro-mechanical and other discrete relays. primary protective relays and their associated
auxiliary relays shall be fused separately from secondary protective relays and their associated
auxiliary relays.

Each lockout relay circuit shall be separately fused.

Breaker failure relaying and auxiliaries shall always be placed on an individual, separately fused D.C.
circuit on a per breaker basis.

Micro-processor based or other relays having separate DC power supplies shall be separately fused.

In addition to separate DC fusing, primary relay schemes are to be grouped together on one DC
distribution panel circuit breaker. Separately DC fused secondary relay schemes are to be groupe,d
together on a second DC distribution panel circuit breaker. Separately DC fused breaker failure relays
and their lockout auxiliaries shall be grouped together on a third DC distribution panel circuit breaker.
Separately DC fused transformer differential and sudden pressure lockout relays may be divided
between primary relay and secondary relay DC distribution panel circuit breakers. Separatejy DC
fused bus differential relays and other assorted backup relays may also be divided between primary
relay and secondary relay DC distribution panel circuit breakers.

Separately DC fused annunciators, communication processors and other miscellaneous DC power
supplies should be on a third DC distribution panel circuit breaker. :

DC supplied to tone equipment should be grouped into primary and secondary (when two sets exist)
and then each to be supplied from separate DC distribution panel circuit breakers from: other
equipment Other carrier communication, and telephone communication equipment to have separate
DC distribution panel circuit breakers.
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TRIPPING RELAYS

Auxiliary tripping relays (when used) shall be high speed (1/2 cycle pickup) and should have a low
enough impedance or should be loaded to draw sufficient current to pick up any two associated targets
simultaneously. All protective relays that trip breakers shall also initiate breaker failure relays. Where
necessary, a separate high speed auxiliary relay in parallel with the tripping relay coil may be used for
providing breaker failure initiation for breakers being tripped. (A double unit AR is ideal for this use).
The tripping and breaker failure initiate coils above should have trip coils in series with the 52a (and
86BF and 43R switch where used) contacts of the tripped breakers for allowing reset after trip.

No tripping relay shall be mounted on a swinging panel.

Auxiliary tripping relays shall be in drawout cases, preferably ABS Flexitest.

Relays used for an incoming direct transferred trip (94TI) may need to have normally closed contacts
for opening the tripped breakers' close circuits. Such an arrangement is usually necessary for interlock
type schemes or other instances where constant receipt of trip can hold a 94 relay in the trip position
for extended periods.

All D.C. protective relay circuits shall have an indicating light showing D.C. potential. (Micro-processor
based relays include indicating lights and power supply alarms to satisry this requirement.) Wherever
possible a RED indicating light should be connected in series with an electro-mechanical tripping relay
coil so that the light will indicate continuity of the tripping relay coil as well as D.C. potential. On relay
coils of 1-100 Ohms, use a t 25 VDC red indicating light. On relay coils of 100-200 Ohms use a 120
VAC red indicating light. In cases where the tripping relay coil is shunted by resistors for target draw,
or is paralleled by another relay coil, such as breaker failure initiate relay, the tripping relay coil shall be
isolated on the red indicating light by use of tripping duty diodes.

There are cases where the tripping relay coil cannot be isolated, or where tripping relay coil impedance
is over 200 Ohms and will not sufficiently light the red indicating light. In such cases, a WHITE
indicating light rated 125 VDC is connected across the D.C. protective relay circuit to indicate D.C.
potential in place of the red fight.

In many cases micro-processor based relays intended for primary and/or secondary protection
applications may be utilized to provide many of these auxiliary tripping runctions, such as incoming
dl'cd transferred trip. This is accomplished by asserting inputs from communications equipment, etc.
thus reducing the requirement for extra devices. In these cases, output contacts must match the
function requirements of auxiliary relay contacts, such as maintaining a contact closed in a trip circuit,
or maintaining a contact open to block breaker closing for a direct transfer tripping scheme.

BREAKER TRIP CIRCUITS
,~

Trip circuits of circuit breakers shall be kept as clean as possible, (no unnecessary auxiliary devices).
However the breaker green (open) indicating light shall be wired on the trip circuit, to show trip circuit is
intact before closing. ,
When circuit breakers have primary and secondary trip coils, caution must be used so that proper DC
polarity is applied to each trip coil to avoid magnetic flux canceling.

ALARM POINTS AND INDICATING LIGHTS

A closed contact is considered to be an abnormal condition.

Green, red, and amber indicating lights indicate "Manual", "Supervisory', and "Auto" poSitions
respectively on 43/MSA, which is a selector switch for either a load tap changing transformer or a
voltage regulating transformer. (M=Local Manual control, S=Remote Supervisory control, A=local
Automatic control)

Blue indicating lights are used in breaker control circuits to indicate "Low Pressure" or "Trouble- and
are to be wired in the breaker close circuit.
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Breaker position indicating lights (Red~Closed & Green~Open) are to be wired in the breaker trip circuit.
The RED light shall monitor the breaker trip coil. When circuit breakers have primary and secondary
trip coil circuits, there shall be one RED light utilized in each trip coil circuit.

Breaker indicating lights shall be located Green - Blue (if used) -Red. left-to right, front view, directly
above 521CS on switchboard.

Any protective relay capable of tripping a circuit breaker shall have a target, either internally or
separately, to indicate specifically which relay initiated a particular trip. Where tripping can take diverse
paths. target relays shall be provided to indicate which trip path was taken.

TRANSFER TRIP LIGHTS & ALARM

If the lights for guard and trip are located on the switchboard, provisions shall be made to have them
fused in a non critical circuit. (See ·Protective DC Circuits· above.) A red light shall indicate
continuously as long as guard is received. Upon loss of guard, the red light will go out and operate a
point on the annunciator. An amber light shall indicate only when a trip signal is received. A blue light
will indicate a alaS· or loss of signal.

SYNCHROSCOPE

In substations near generating plants, or where dynamic synchronism conditions may exist. lines
having synch check relays shall also have provisions for breaker closing with synchroscope equipment.
Manual (52CS) closing is enabled by operation of the synchronizing switch. SCADA closing contacts
must be isolated from this close path.

Synchroscope equipment shall be located in a position visible from all breaker control switches.
Synchroscope equipment includes synchroscope, bus and line voltmeters and two 120VAC series
connected indicating lights. Voltmeters may be labeled as aRunning· (system) and alncoming"
(generator).

All synchroscope switches shall have a removable handle keyed alike for all breakers in a substation.
Manual (52CS) closing, unsupervised by synch check relay, is enabled by operation of the
synchronizing switch.

SYNCH-CHECK

Synch~check relays are to be wired to allow 521CS or SCADA closing for Synch- check, Dead Line, or
Dead Bus, regardless of position of 43R switch (if used), and regardless of automatic reclosing
conditions of synchronism, dead line, etc. A tripping duty diode is may be used with relays requiring
diode isolation to allow this logic in the synch-check relay wiring. Some sync-check relays do not
require use of a diode. ,_"'\

In micro-processor based relays, sync-check functions are normally programmed in the relays when
the functions are available. A 25 supervising output contact from the relay for 521CS or SCADA closing
is required. This represents a parallel close path separate from the relay closing contact. r

Relay supervised synch~check closing is separate from, although parallel to a manual synchroscope
assisted close. SCADA closing contacts. however, must be isolated from the manual synchroscope
assisted close path. This is typically done by using two 52cs close contacts as shown in follolRing
detail.
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***************SPECIFIC SCHEMES****************

OVERALL DESIG

As an overall design standard, relaying schemes shall be straightforward and predictable in their
philosophy and implementation.

Schemes should be designed to best exploit the inherent advantages in the relays to be used. Micro­
processor based relaying packages are preferred for all applications.

Any unusual schemes installed must be supported by complete documentation including an
explanation ON THE APPROPRIATE ELEMENTAAIES.

BREAKER FAILURE

All circuit breakers 115KV and above must have breaker failure relaying. Lower voltage breakers may
require breaker failure protection depending on application or substation bus arrangement. All circuit
breakers in a ring bus or breaker and a half scheme shall have breaker failure relaying. Transfer
tripping to remote substation circuit breakers is required at 230kV and above. r

Breaker failure relaying must be able to detect a failure to interrupt current on any phase as well ,as the
failure of the circuit breaker to operate mechanically. Note that some breaker failure relays (such.as
SBF1) seal-in an initiate pulse, while some schemes do not. Where such seal-in is not provided, the
initiating relay (such as a 62X) must not reset with the opening of a 52a switch. !

Breaker failure relays should not be initiated by SCADA or manual (52cs) trips.

One normally open contact of the breaker failure lockout relay should be connected to trip the circuft
breaker. This contact will ·short-- across the tripping contacts of the primary protective relays and allow
relays to reset without damage. This contact also represents a ·Iast ditch· attempt to trip the circuit
breaker. This means is especially preferred where micro-processor relays provide both primary
relaying and breaker failure functions.
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REACTOR RELAYING

Reactor banks will have control and indication of reactor breaker closing by -AUTO or MANUAL-. This
will allow for the same type of control as exists on our transmission voltage regulators. In the event of
any control malfunction, the dispatcher will be able to place the reactors on full manual control by
SCADA. The reactor breakers should now also have maintenance switches ·43R- that can be used at
the station to individually put each reactor breaker on manual, or easily take one out of service in our
normal fashion. Note that SCADA (as ell as the red •AUTO- light on the swi1chboard) wiU indicate
•AUTO· dose enabled if either one of the two reactor breakers is under automatic dosing control.

In the case that the 230KV breakers are alJ opened (or one fails and 86BF operates), the reactor
breakers shouJd immediately trip to prevent unnecessary voltage depression. However this trip is only
temporary and the reactors could be closed either by auto control or by SCADA or manual control
following a 1.0 second, timed trip output, if they are needed.

TRANSFORMER PROTECTION

Transformer fault pressure auxiliary (63FPX) is to trip a separate lockout (86FP) from transformer
differential (87T) and lockout (86T) unless a separate backup transformer differential (87T/BU) and
lockout (86T/BU) exist. All power transformers are to be protected by 2-lockouts.

Transformer hot oil temperature relay (49T) is to trip appropriate breakers to remove load from the
overheated transformer without de-energizing the transformer, so that station service will remain intact
to power transformer fans and pumps.

Transformers having on pumps shall have the pumps de-energized upon the operation of either a fault
pressure lockout (86FP) or differential lockout (87T).

TRIPPING TO BLOCK REClOSING WHEN USI G 3 SHOT RECLOSI G RELAY

When micro-processor relays are used for multi-shot reclosing, a cfigital input is asserted by the 52CS,
SCADA or any other relay trip functions where auto-reclosing should not be allowed. This is usually
done by a small auxiliary relay asserting the digital input. The small auxiliary relay is isolated from the
remainder of the breaker trip circuit by a tripping duty diode. Assertion of a digital input is then
programmed to drive the recloser to lockout. See following detail:

; "\

Trips where
auto-reclosing
is not allowed.

Protective Relay Trips
where auto-reclosing
is allowed.

43R (if used)
(Reclosing &
Non-reclosing)

(+) ---11--------1,.....---+-........--.....--..-----.

i ~TriP
79
Drive to L.ockout
Aux

(-)
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OPEN DELTA LOADING

Loading resistors equal to 1/3 of potential transformer bank thermal capacity rating are to be
connected to the open delta connected winding (when used) of potential transformers utilized on
115KV and below. A wire cage is to be built around resistors to avoid contact and personal injury.

43R (43M) SWITCH

In situations where a breaker and a half or ring bus arrangement is being used, a 43R switch is used
(43M if no reclosing relay is used). The 43R (43M) switch has a position for -Breaker Maintenance-. In
this position, the 43R (43M) switch will disconnect the positive DC power from all the switchboard and
supervisory control circuits for that breaker. The switch contacts will also be used to cause correct
operation of the remaining (in service) relaying, with one breaker out of service. One contact pair from
all the 43R (43M) switches should be paralleled and used for annunciator and/or SCADA indication. A
second contact pair will be individually used to operate a white (clear) indicating light in each of the
breaker control cabinets. A ~Sonalert- alarm (Mallory SC~250P) and blue indicating light indicate
improper 43R (43M) switch operation (ie putting switch in maintenance position while breaker remains
closed and in service) by action of the auxiliary relay device 74. See -74/43R Sound Alarm Circuit"
below.

DEVICES FURNISHED BY SUPPLIER

All devices and wiring components are to be new, of the brand, type, and model specified. Where
alternate brands are listed, either is acceptable and may be supplied at the supplier's discretion.

SWITCHBOARD WIRE

Switchboard is to be wired with #14 (7 strand) uncoated copper. Insulation to be synthetic-heat
resistant type SIS. G.E. Vulkene SI~57275 and Delco Wire and Cable ·Delco~Unk- are acceptable.
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Swing sub-panel wiring is to be 41 strand.

TERMINALS - FOR SWITCHBOARD WIRE

Terminal connectors shall be as follows:

Vinyl·insulated terminals

Un-insulated terminals

TERMINAL BOARDS

Terminal boards shall be as follows'

Bumdy #TPl4-10 - (16-14 wire, 8-10 screw)
(only when necessary)

Burndy #T10-38 - (16-10 wire 318" stud)
(only when necessary)

Bumdy #YAV14 - (20-14 wire, 8-10 screw)

Manufacturer 12 Circuit STickel 4 Circuit Shortina

General Electric EB25A12W EB25A08W EB27A04S

Buchanan Phenolic B112 Phenolic B108

Other types may be acceptable upon approval. Samples will be required before other types or brands
are approved.

,~

,
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Typical Switchboard Material List
Panduit "Panduct" Wiring Duct Type E, Cat #E 1.5 x 1.5 lG6 (32·6 foot lengths)

- Duct Cover for above, Cat #C 1.5LG6 (32-6 foot lengths)
Type E, Cat. #E4X3LG6 (64-6 foot lengths)
- Duct Cover for above, Cat. #C 4lG6

Wire Retainers for 4" duct, Cat. #WR4-C20

Unistrut Type A4000 Channel, Greenamel Finish. (16' lengths)

Unistrut #10-32 Nuts without Spring for A4000 Channel Cat. #A3016·1032

Triple Pole Fuse Holder:
Uttlefuse LH2503D-3S, or Ferraz Shawmut 20313, or Marathon F30A3SP 1

Double Pole Fuse Holder:
Uttlefuse LH25030·2S, or Ferraz Shawmut 20312, or Marathon F30A2SP 1

Single Pole Fuse Holder:
Uttlefuse LH25030-1 S, or Ferraz Shawmut 20311, or Marathon F30A1SP 1

#10S14 Incandescent Lamp, 115-125 VAC 10 Watt (Bulbs for synch indication lights)

#5625-3 Lamp Holder, Keyless, Plastic, One piece with screw terminals, 600 volts, 660 watt

General Electric Type ET-16 Indicating Lamps: #0116B6708G3E (Red)
#0116B6708G3D (Green)
#0116B6708G3B (Blue)
#0116B6708G3W (While)

Panel meters: SATEC PM130P-U-5-1AC-oO-00 POWERMETER 120VAC 5A 120VAC-PS

Current Transducer: Scientific Columbus Model #CT-510A2, Moore PAC/0-5NQ-1MAlSlSM,
Rochester UCXl F6, Electromagnetics CLE-202001

Voltage Transducer: Scientific Columbus Model #VT·l10A2, Moore PAV/0-15D AC10-1MAlSI(SM),
Rochester UVXl F6, Electromagnetics CLE-201 001

'VI/att-Var Transducer: Scientific Columbus Model #XLWV342K5A2. Moore PWVl120AC,SAI-1
Rochester WVS34U, Electromagnetics CLE-208004

Tie/Interchange meter - WHDMlVARHDM· Ametek JemStar

Potter Brumfield: Relay Type KUMP11 018, 11 OVDC Volt
Terminal Sockets Type 2 27E121
Mounting Track 3 foot lengths, Type 24A064
Mounting Clips, Type 24A071

Burndy Hylug Wire Terminals Uninsulated for 9-10 Wire to 8-10 Screw #YAV9C-L36, No-substituJe
Uninsulated for 12-10 wire to 5/16" stud. #YAV10-T2, No-substitute
Uninsulated for 20-10 wire to 8-10 screw. #YAV10, No--substitute,
Uninsulated for 20·14 wire to 8·10 stud, #YAV14, No-substitute
Insulated for 16-14 wire to 4-6 stud, # TP14-6, No-substitute

.. Insulated terminals are to be used only when necessary!

ElectroSwitch series 24 type LOR-7810D Lockout Relay, 10 Decks, 30-140 VDC Coil, Hand Reset,

Agastat #7012PE. 125 VDC. 10-200 Sec, on delay

Agastat #7022AE, 120 VAC, 60 Hz. 10-200 sec. off delay

ABB Auxiliary Relay Type MG-6 Style #1962-113, 24 VDC Operate Coil With Contact Cutoff.
125 VDC Reset Coil, FT case.

ABS Auxiliary Relay Type AR Style #7748472A12. High threshold 125 VDC. Double Unit, FT case.
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ABS FT·l Flexitest Switch Styfe nS129A501G01S - 10 Pole Potential,
with stud terminals, PPPPPPPPPP

or, similar to States type FMS-l OA-ST, with stud terminals, except with all black handles.

ABS FT-l Flexitest Switch Style # S129A514G01S - 4 Pole Potential, 6 Pole Current,
with stud terminals, PPPCCCCCCP

or, similar to States type FMS·l0E-ST, with stud terminals, except with all black handles.

MeggerlStates FMS Style Test Switch: PIN 193R-330A-ST, Pas.A; B & C:
FMS-10A-ST, 19- rack mount; 3U high; 30 switch test switch block, Pos.A; B & C: lOP;
stud terminals, all switch handles to be -Black-, and with standard Black covers

MeggerlStates FMS Style Test Switch: PIN 193R-330EH-ST, Pos. A: FMS-l0E-ST; Pos. B & C:
FMS-10A-ST, 19· rack mount; 3U high; 30 switch test switch block, Pas. A: 4P6C; Pas. B&C: lOP;
stud terminals, all switch handles to be "Black", and with standard Black cover

Style #408COO3GOl Tripping Diode, Type TAB

, ......
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2 - Single sideband power line carrier systems housed in a cabinet with front and rear
access, to operate with line frequencies in the 40-500 KHz range; operating temperature,
-2OC to +55C; 125 VDC power supply voltage; transmitter power, 100 watts; 50 ohm
impedance to line tuner, single phase to ground coupling; frequency stability, + or ~ 5
ppm; spurious outpulS, less than -60 dB; receiver sensitivity, -40 dBm; receiver
selectivity, 105 dB or greater 4 KHz from either side of the operating channel; four 4
KHz Channels minimum, channel bandwidth 0[300-3400 Hz; 4-wire external equipment
interface with 600 ohm balanced transmit and receive impedance, adjustable from -25
dBm to +15 dBm; return loss, 26 dB or greater; distortion, ]% maximum; AGe, less than
I dB change in audio output for an RF variation of + or - 20 dB; idle noise, -6OdBmop or
less.

2 - Wave traps ~ continuous 60 Hz current rating, 1600 amps; minimum blocking
impedance, 1000 ohms, ambient temperature range, -40 to +50 C; horizontal pedestal
mounting.

2 - Line tuners - wide band, phase to ground coupling; operating temperature, -40 to +60
C; up to 200 watts RF input; similar to Trench 4CL03A.

2 - Trench Electric NS40A tone relaying systems housed in a cabinet with front and rear
access:
• Breaker Failure~Trench model NS40AI 2FA66ES2A2HJHJ; 125 VDC power and

keying, 'D' logic, relay output and auxiliary relay, with dual transmitter and dual
receiver test panels.

• Static Relaying - Trench model NS40A 12FAJ IUS1A4AXAX; )25 VDC power and
keying, 'U' logic, relay outpUl and auxiliary relay, with transmitter and receiver test
panels.

I - Substation line sharing switch - Tehone model M-396--B-OI; 125 VDC power, 8 port.,
19" rack mount.
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EXHIBIT A.2

December 1,2006 E-Mail & One-Line Diagrams



From:
To:
Date:
SUbject:

Don,

"Barnhart Sr., William E." <WiHiam.BarnhartSr@hdrinc.com>
"Raveling, Don" <don.raveling@mdu.com>
121112006 3:36"41 PM
Tatanka Wind Farm - Interconnect Station Relay One line

Exh. MOU • A.2
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Attached is a preliminary relay one line of the interconnect station. After you have had a chance to review,
I thought we would schedule a face to face meeting to discuss the station in detail. I have included a
preliminary general arrangement as I am not sure who should get it. If you have any questions, please
feel free to contact me.

After you have had a review, let me know when a good time would be to meet. Thanks.

Bill

Bill Barnhart, Sr.

Senior Project Manager

HDR ONE COMPANY I Many Solutions

2913 Millennium Circle. I Billings, MT 159102
Phone: 406.656.81001 Fax: 406.652.2758
Email: william.barnhartsr@hdrinc_com

cc: "Ford, Henry" <Henry.Ford@mdu.com>, "Pat.Sims@mortenson.com"
<PatSims@mortenson.com>, "Marcus V. da Cunha" <mdacunha@ehn-usa.com>
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EXHIBIT A.3

January 31, 2007 E-Mail



From:
To:
Date:
Subject:

Don,

~Barnhart Sr., William E." <:William.BarnhartSr@hdrinc.com>
"Raveling, DonM <:don.raveling@mdu.com>
1/31120073:28:32 PM
RE: 013107 - G132 - Tatanka substation plan view arrangement

Exh. MOU - A.3
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I think everything has changed since then. 1have attached the plan that we finalized on. Depending how
the transmission line comes in, we may be able to meet your interest. Right now we will have it south to
north. Please don't hesitate to call if you have any questions.

Bill

Bill Barnhart, Sr.

Senior Project Manager

HDR ONE COMPANY I Many SohJtlons

2913 Millennium Circle. I Billings, MT 159102
Phone: 406.656.81001 Fax: 406_652_2758
Email: william.bamhartsr@hdrinc.com

From: Raveling, Don (mailto:don.raveling@mdu.com)
Sent Wednesday, January 31, 2007 12:04 PM
To: Barnhart Sr., William E.
Subject: RE: G132 - Tatanka substation phasing

ABC west to east, north to south would be great for the ring bus, if possible. Have you changed the
physical arrangement from draWing SL-01 dated 11/9/06? That arrangement wasn't very adaptable with
respect to phasing.

Don Raveling - MDU



Exh. MDU . A.3
Page 2 of 3

From: Barnhart Sr., William E. [madlo:William.BamhartSr@hdrinc.comJ
Sent Wednesday, January 31, 2007 12:42 PM
To: Raveling, Don
Subject RE: G132· Tatanka substation phasing

Don,

Is ABC west to east: north to south: If possible.

Bill Barnhart, Sr.

Senior Project Manager

HOR ONE COMPANY 1Many Solutions

2913 Millennium Circle. I Billings, MT 159102
Phone: 406.656.8100[ Fax: 406.652..2758
Email: william.bamhartsr@hdrinc.com

From: Raveling, Don [mailto:don.raveling@mdu.com]
Sent Wednesday, January 31, 2007 10:52 AM
To: Barnhart Sr., William E.; Walts, Holly
Subject: RE: G132· Tatanka substation phasing

Bill, Holly,

The lines will dictate the phasing necessary with respect to the switching sub bus. We do like the subs to
be ABC. but the arrangement you show on drawing Sl-01 isn't very adaptable. However, you will have 10
adapt to the way the ~nes come into the substation. Holly will send thal

Don Raveling - MDU



From: Barnhart Sr., William E.(madto:WiDiam.BarnhartSr@hdrinc.com]
Sent Wednesday. January 31, 2007 7:52 AM
To: Watts. Holy; Raveling, Don
Subject Tatanka

Good morning Holly,

Can you tell me what the phasing coming into the stat)on wiQ be at Tatanka. ABC west to east;

Oon: Do you have a standard on your bus for phasing: ABC west to east: south to north?

BiD Barnhart, $r.

Senior Project Manage<

HDR ONE COMPANY 1Many Solutions

2913 Millennium Cirde.! Billings, MT 159102
Phone: 406.656.81001 Fax: 406.652 2758
Email: william.bamhartsr@hdrinc com
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