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EXECUTIVE SUMMARY

Fort Madison reliability is good. Reliability of the 69 kv system is of marginal adequacy in the Keokuk
area. In the past, with an outage of the single Carbide 161/69 kv transformer, overipading of the
Keokuk Hydro-Messenger line occurred. With the addition of the Keokuk Hydro-Roguette 69 kv line,
loading on the Keokuk Hydro-Messenger line can be significantly reduced by splitting power flows.

Optirmurn utilization of this new lne will occur when it can be operated in a network following relay

modifications later this year.

- In later years loss of either the Burlington Generating Station or Palmyra 345/161 kv transformer
causes low voltage in the entire IES southeast Iowa system. In addition should load growth continue in
the Roquette area of Keokuk, either through Roquette expansion or conversion of Ferrosil Ioad from
25 cycke to 60 cycle, the existing 69 kv system will be inadequate during contingency conditions.

Three plans to address the expected Keokuk area load growth were modeled and reviewed. The plans
were a 161 kv plan which placed Roquette and Ferrosil on 161 kv, a 69 kv plan which added another
Carbide transformer and an additional 69 kv Iine to Roquette and left all ioad on 69 kv, and a hybrid 69
kv plan which would be constructed to allow future conversion to 161 kv. All plans provided two 161
kv lines into Carbide. Best performance occurred with the 161 kv plan with an estimated capital cost
of $13.9 million. This plan had a nét present value which was 3.07% higher than the lowest cost plan.

However, due to limitations and performance of the Jow cost plan, the small additional cost is justified,
The 161 kv planis rqcomnnded as the best overall plan. Components of the 161 kv plan are outlined

below:
The best solution for?thc Fort Madison area:

1) By 12/31/95 - Connect second Viele transformer.

2) By 12/31/96 - Rebuild 10.8 miles of 34 kv line to 69 kv (continue to operate at 34 kv) from
Donnelison to Farmington and rebuild of approximately 3.0 miles of 34 kv line to 69 kv
(continue to operate at 34 kv) west of Farmington.

3) By 12/31/96 - Construct a 161 kv line from Burlington Generating Station (16 miles) to
Niota, Iiinois and install a 161/69 kv Niota substation. IES is responsible for line construction,
CIPS will design and build the substation with IES responsible for 60% of the cost.

4) By 12/31/97 - Install (1) 69 kv circuit breaker at Viele and convert Viele- Donnellson-
Farmington 34 kv to 69 kv. Northeast Missouri Electric Power Coop (NEMO) will install (3)
69 kv circuit breakers at Bonaparte, including interconnection metering. This hne will be
operated networked in conjunction with NEMO. '
5) By 5/1/98'- Add 24.3 mvars 69 kV capacitors at BGS.

6) By 6/30/98 - Install a 161/138 kv substation at Niota, Illinois and construct 2 138 kv line (42

miles) to Macomb, Ilinois. CIPS is responsible for Jine construction. CIPS will design and

build the substation with IES responsible for 50% of the substation cost.
7) By 5/1/2000 - Install a 161 kv, 50 mvar capacitor at Burlington Generating Station (BGS), a

part of the Burlington District.
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In March, 1994 IES and Central Illinois Public Service (CIPS) signed a Letter of Intent to
proceed with items 3 and 6 in a joint manner. Development of this Letter followed extensive
study of the southeast lowa and west central lllinois transmission systems,

The best solution for the Keokuk area is:

1) By 12/01/95 - Install West Keokuk 69/12.5 kv-Substation .
I 2) By 12/31/95 - Raise Carbide breaker 9870 CT limit above 88 mva.
3) By 12/31/95 - Install (3) 161 kv manual operated switches at the Carbide Tap to permit
sectionalizing of the Palmyra-Carbide Tap-Viele 161 kv line.
. 4) By 12/31/95 - Install (2) 69 kv vacuum switches to permit staged switching of Carbide
capacitor bank.
_ 5) By 12/31/96 - Install (1) 69 kv circuit breaker and construct approximately 0.5 milss of 69
I kv line to create a Carbide-Messenger-Hydro 69 kv line and a Carbide-West Keokuk-Hytiro 69
kv line.
6) By 1/1/97 - Construct 4.5 miles of 161 kv from Carbide to a new 161/12 kv distribution
' substation located near Roquette.
7) By 1/1/97 - Construct a new 161/12 kv distribution substation near Roquette and convert
Roquette loads to 161/12 kv.
. 8) By 1/1/98 - Rebuild 1 mile of 69 kv line (Carbide-Messenger) to 1000 Amp capacity.
9) By 1/1/98 - Replace 600 Amp breaker at Keokuk Hydro with 750 Amp or greater rated
breaker.
I 10) By 1/1/98 - Construct a 2ad 161 kv line from Viele to Carbide (12.5 miles).
11) By 1/1/98 - Re-configure the Carbide Tap-Carbide 161 kv linc to become a Palmyra, Mo.-
l Roquette-Carbide- Viele 161 kv line. .
12) By 1/1/98 - Retire existing Roquette and Commercial distribution substations.
13) By 1/1/98 - Raise Messenger breaker 9890 CT limit above 88 mva.
' 14) By 1/1/98 - Build Ferrosil Substation if Ferrosil cannot be served from Roquette
Substation.
I 15) By 5/1/2002 - Install a 161 kv, S0 mvar capacitor at Carbide.

Alternatives reviewed included 345 kv from either OGS (80 miles) or the Louisa Generating Station
(60 miles) of IIGE. However, due to cost these alternatives were not considered as viable.
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DISCUSSION

E‘Z major load areas in the district are Fort Madison and Keokuk, with a total load of approximately
mw, .

Service to Fort Madison is provided through the Viele 161/69 kv substation containing a single top-
rated 84 mva transformer. 161 kv lines from Denmark and Palmyra, Missouri (Associated Electric)
provide the high voltage service. 69 kv service is provided through lines from Sawyer and Carbide
(Keokuk) terminating at Viele and (2) lines from Hamilton, Illinois through the Central IMinois Public
Service (CTPS) system and terminating at Lee.

Service to Keokuk is provided through the Carbide 161/69 kv substation on a radial 161 kv line and
the Keokuk Hydro Plant of Union Electric. 69 kv service is provided through a line from Vicke,

terminating at Carbide.

Study of the Fort Madlson/Kcokuk District was accomplished by using PSS/E Loadflow software,
developed by Power Technologies, Inc. of Schenectady, NY. The electric system was modeled as
exists today with any committed additions (budgeted) included.

Interruptible load was assumed to be served by IES Utilities Inc. at the time of peak. Load growth for
this area js assumed to be approximately 1% per year, although growth rates vary from substation to
substation. Large industrial customers were assurmed to have a 0% annual load growth, with any load
growth coming through discrete 'blocks’ of growth via plant expansions, etc.

Over the past 28 months that IES has had this service territory numerous outages/service interruptions
have occurred. The solutions contained in this report, along with other measures underway will provide
a higher degree of reliability to the system than has been experienced in recent times.

The major problems in the district are centered in the Keokuk area, As noted above, Keokuk is served
by the Carbide 161/69 kv substation. This substation is on a 15 mile radial 161 kv line, tapping the
Vicle to Palmyra 161 kv line. Total exposure is over 70 miles, with no sectionalizing switches at the
Carbide Tap, a section of line owned and operated by Union Electric, Until recently, when service to
Carbide was interrupted, back-up service to Keokuk was provided through (2) 69 kv lines, one from
Vicke and the other from the Keokuk Hydro Plant. Because of distance and hence impedances the
major flow during this contingency was on the Messenger-Keokuk Hydro Plant fine, rated at 72 mva.
The 72 miva rating is a breaker rating at the Keokuk Hydro Plant with the actual line rating being 88
mva. The 72 mva limiting factor is a 600 amp circuit breaker at Keokuk Hydro. Flows in excess of 65
megawait: are not uncommon on the Hydro-Messenger line during Carbide transformer out
contingencies, thus creating cither an overload or near overload condition. With the addition of the
Keokuk Hydro-Roquette 69 kv line, loading on the Keokuk Hydro-Messenger line can be significantly
reduced by splitting power flows. Optitmum utilization of this new line will occur when it can be
operated in a network following relay modifications. Network operation of the new Hydro-Roquette
69 kv line, scheduled for late 1995 will solve the loading problem on the Hydro-Messenger line.
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While network operation of the Roquette-Hydro 69 kv line will solve the overload of Messenger-
Hydro during contingencies, the majority of Keokuk would be subject to an outage for a single fault
almost anywhere on the 69 kv system within the city. This is due to the fact that a single 69 kv circuit
breaker (9860) at Carbide protects all of the 69 kv system with the exception of the Hydro-Messenger
69 kv line. Thus a fault west of Messenger would interrupt service to all substations except (1)
transformer at Messenger. Termination of the Roquette-Hydro line on the existing breaker 9870
(Wayland,” Mo.) is recommended in the short term.  This can be accomplished by operating switch
9861 N.O. and switch 9862 N.C.

The 69 kv capacitor at Carbide is a single stage 33 megavar unit, controlled either manually or by
voltage control. At less than peak load conditions, voltage sags, thus forcing the voltage control to
bring the capacitor on-line. Once the capacitor is on-line, the result is high voltage, either resulting in
the voltage control being required to take the capacitor off-line or manual intervention.

The Farmington/Donnelison area of the district is aiso in need of attention. Presently backup between
the two towns is provided through a 10.8 mile 34 kv line, with Donnellson and Farmington being 30
degrees out of phase with each other, resulting in a drop and pick-up condition. The line is rated the
worst line within the JES system, in terms of physical condition. Presently because of the condition of
both the line and the route, the line is operated in a normal open condition on both ends, or an out-of-
service status. Ability to restore service to either Donnellson or Farmington during contingencies could
be jeopardized as a fault could be present on the out-of-service line and not detected until a
contingency forced the line to be encrgized.

In 1992 IES and Central Hfinois Public Service (CIPS) discussed possible joint planning alternatives
and development of plans that would improve the reliability for both parties as well as provide an
additional interconnection with another power pool The result of such discussions resulted in a plan
for a high voltage transmission line between Burlington Generating Station and Macomb, Ilinois via
Fort Madison. The parties signed a Letter of Intent in March of 1994 and are presently developing
schedules, designs, etc. to accomplish such,

Three basic plans were developed to address the expected major load growth in the Keokuk area and
arc designated B1, B2, and B3. Each has many common facilities (161/138 kv tie to CIPS, Vicle-
Farmington 69 kv line, West Keokuk Substation, etc.). The principal differences are related to long
range Keokuk plans. The three plans consist of:

Bl - New Roquette/Ferrosil 161/12.5 kv substation with two 161 kv transmission lines.

B2 - New Roquette/Ferrosil 69/12.5 kv substation with three 69 kv transmission lines into
the substation. In plan B2, the 4.5 mile 69 kv line from Carbide to Roquette is
operated at 69 kv but constructed to 161 kv requirements to allow future upgrade.
The Roquette/Ferrosil Substation is laid out such that future installation of 161 kv

equipment is possible.
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B3 - The B3 plan is functionally identical to the B2 plan except all substation and line
construction is for 69 kv only.

At this time it is not known whether Roquette will allow Ferrosil to be served from the same substation
as they are. To account for this in the economic comparison of the three plans, an additional cost
estimate for each plan was prepared with the cost of a scparate Ferrosil Substation included.
Attachment 1 lists costs associated with each plan. Attachment 2 lists the AFUDC calculations and
annual expense breakdown associated with the plans. Below is a table of present worth associated
with cach plan. Values:were taken from Attachment 3.

B1 (161 kv) B2 (69 kv) B3 (69 kv)
Combined '
Ferrosil/Roquette Sub ‘ $11,323,904 $11,844,886 $11,043,648
Separate Ferrosiland
Roquette Subs ,‘ $11,814,044 $12,232,567 $11,462,207

Due to the expansion of 60 Hz load in the Keokuk area, changes in the existing system are
required. The expected increase in load, primarily from Roquette expansion, Ferrosil 25 to 60 Hz
conversion, and Midwest Carbide 25 to 60 Hz conversion, is approximately 55 megawatts by
1998 and 65 megawatts by 2006. Additionally, re-distribution of existing Terminal substation
loads along with normal load growth in the Keokuk area may add another 10 megawatts by 1998
and 17 megawatts by 2006 to the 69 kv system. This information was utilized to study the

Keokuk area in 1998 and 2006.

Along with the above load information, the BGS/Niota/Macomb project was included in the
modeling process to better reflect expected system configuration. The second Viele transformer
was also included in the modeling process. The following describes the two long range plans

studied to address the cxpcctcd load growth.

The three plans Bl(161 kv), B: 2(69 kv), and B3(69 kv) were added to the 1998 and 2006 models
to determine their ability to support the Keokuk load growth under various contingencies.
NOTE: For load flow modelmg purposes, plan B2 and B3 are identical therefore, only plan B2
load flows are included in this report. The B1 (161 kv) plan builds approximately 17 miles of 161
kv line and puts both the Roquette and Ferrosil loads on 161 kv. Construction of the 161 kv is
such that a 161 kv network is formed from Palmyra to Roquette/Ferrosil to Carbide to Viele. The
B2 (69 kv) plan builds approximately 10.25 miles of 161 kv line forming a Palmyra to Carbide to
Viele network. In addmon. a second Carbide 161/69 kv transformer is installed and a second 69
kv, Carbide to new Roquctw substation, line is built. This line is approximately 4.5 miles long
and is constructed to 161 kv standards. All new load remains on the 69 kv system. Since the
existing Roquette substation must be moved, approximately 3.2 (1.6 miles of double circuit)
additional miles of 69 kv line will have to be built. Plan B3(69 kv) is functionally identical to B2
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except the 4.5 mile 69 kv line is built to 69 kv standards and the 69 kv Roquette substation is laid
out only for 69 kv equipment.

Review of the various contingencies which were run on the two plans in both 1998 and 2006
identified that the 69 kv plan begins to have minor overloads in 1998. The new Hydro to
Roquette line is overloaded by approximately 4% and 7%, respectively in two of seven
contingencies, the Hydro to Messenger line is overioaded approximately 9% during one
contingency, and the Hamilton 96 mva 138/69 kv transformer loads to 100% during one
contingency. In addition, the Messenger-Carbide line loads to 127% during one contingency.

No line overloads occurred with the 161 kv plan in 1998 except the Messenger-Carbide line
which loads to 114% during one contingency. :

In 2006, the 69 kv plan loads the Hydro to Roquette line to 103% with no contingencies and
overloads of up to approximately 125% occur under two different contingencies. During two
different contingencies, the Hamilton 96 mva 138/69 transformer overloads at approximately
117% and during another contingency overloads at 108%. During one contingency, the Carbide
to Commercial Tap overioads at 103% and the Hamilton to Keokuk Hydro overloads at 110%.
The Messenger-Carbide line loads to 145% and the Keokuk Hydro to Messenger line loads to
124% during one contingency.

In 2006, the 161 kv plan begins to have minor overloads during certain contingencies. During
one contingency, the Messenger to Hydro line overloads at approximately 111%, and during two
contingencies, the Hamilton 96 mva 138/69 transformer overloads at 105% and 100%
respectively. The Messenger-Carbide line loads to 126% during one contingency.

It should be noted that a 600 amp breaker associated with the Hydro to Messenger line must be
replaced with a 750 amp or larger breaker to allow maximum utilization of the line. The load
flows were reviewed as if change out of this breaker has already been done. Rebuilding of the 1
mile 4/0 copper/266 ACSR Carbide-Messenger 69 kv line is recommended in both plans.

Due to the low voltages seen in the Keokuk-Fort Madison area during two of the seven
contingencies run, capacitor additions were made to the four base (1998B 69 kv, 1998B 161 kv,
2006B 69 kv, 2006B 161 kv) models. In addition, the Carbide to Messenger line was replaced
with a new 1000 amp line. The same seven contingencies were run with the following outcome:

Review of the various contingencies which were run on the two plans in both 1998 and 2006 after
addition of the new Carbide-Messenger line as well as scheduled capacitors, identified that the 69
kv plan still has minor overloads in 1998. The new Hydro to Roquette line is overloaded by
approximately 3% and 6%, respectively in two of seven contingencies, the Hydro to Messenger
line is overloaded approximately 9% during one contingency, and the Hamilton 96 mva 138/69 kv
transformer loads to 100% during onc contingency.

No line overloads occurred with the 161 kv plan in 1998.
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In 2006, the 69 kv plan loads the Hydro to Roquette line to 98% with no contingencies and
overloads of 102%, 104%, 112% and 118% occur during four contingencies. During two
different contingencies, the Hamilton 96 mva 138/69 transformer overloads at approximately
113% and during another contingency overloads at 119%. During one contingency, the Carbide-
Commercial Tap line loads to 98%, the Hamilton to Keokuk Hydro line overloads at 119%, and

the Hamilton-Keokuk Hydro line overloads at 108%.

In 2006, the 161 kv ;}lan begins to have minor overloads during certain contingencies. During
one contingency, the Messenger to Hydro line overloads at approximately 110%, and during two
- contingencies, the Hamilton 96 mva 138/69 transformer loads at 107% and 100% respectively.

Voltage Problems m the Keokuk and Fort Madison area are corrected by the capacitor additions
in all years reviewed.

In addition to study of the 1998 and 2006 time frames, 1996 was reviewed. One overload was
identified during an Outagc of the new Keokuk Hydro-Roquette line. The limitation is a current
transformer setting of 72 mva. This setting can be raised above the next limitation which is at 88

--mva (5§56 ACSR Lme) The overload on the 88 mva linc would be approximately 2% in summer

1996 during the contingency. Ovcrloads were not seen on this line once Ferrosil and Roquette are

moved to 161 kv.
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SOLUTIONS

The best plan for the Keokuk-Fort Madison area is Plan B1 the 161 kv plan, which consists of:
Fort Madison

1) By 12/31/95 - Connect second Viele transformer.

2) By 12/31/96 - Rebuild 10.8 miles of 34 kv line to 69 kv (continue to operate at 34 kv) from
Donnellson to Farmington and rebuild of approximately 3.0 miles of 34 kv line to 69 kv
(continue to operate at 34 kv) west of Farmington.

3) By 12/31/96 - Construct a 161 kv line from Burlington Generating Station (16 miles) to
Niota, Illinois and install a 161/69 kv Niota substation. IES is responsible for line construction,
CIPS will design and build the substation with IES responsible for 60% of the cost.

4) By 12/31/97 - Install (1) 69 kv circuit breaker at Viele and convert Viele- Donnellson-
Farmington 34 kv to 69 kv. Northeast Missouri Electric Power Coop (NEMO) will install (3)
69 kv circuit breakers at Bonaparte, including interconnection metering. This line will be
operated networked in conjunction with NEMO.

5) By 5/1/98 - Add 24.3 mvars 69 kV capacitors at BGS.

6) By 6/30/98 - Install a 161/138 kv substation at Niota, Illinois and construct a 138 kv line (42
miles) to Macomb, Illinois. CIPS is responsible for line construction. CIPS will design and
build the substation with IES responsible for 50% of the substation cost.

7) By 5/1/2000 - Install a 161 kv, 50 mvar capacitor at Burlington Generating Station (BGS), a
part of the Burlington District.

In March, 1994 IES and Central Illinois Public Service (CIPS) signed a Letter of Intent to
proceed with itemns 3 and 6 in a joint manner. Development of this Letter followed extensive
study of the southeast Iowa and west central Illinois transmission systems.

' Keoluk

1) By 12/01/95 -Install West Keokuk 69/12.5 kv-Substation .

2) By 12/31/95 - Raise carbide breaker 9870 CT limit above 88 mva.

3) By 12/31/95 - Install (3) 161 kv manual operated switches at the Carbide Tap to permit
sectionalizing of the Palmyra-Carbide Tap-Viele 161 kv line. .

4) By 12/31/95 - Install (2) 69 kv vacuum switches to permit staged switching of Carbide
capacitor bank.

5) By 12/31/96 - Install (1) 69 kv circuit breaker and construct approximately 0.5 miles of 69
kv kine to create a Carbide- Mcssengcr-Hydro 69 kv line and 2 Carbide-West Keokuk-Hydro 69
kv line.

6) By 1/1/97 - Construct 4 5 miles of 161 kv from Carbide to a new 161/12 kv distribution
substation located near Roquette.

7) By 1/1/97 - Construct a new 161/12 kv distribution substation near Roquette and convert

Roquette loads to 161/12 kv.
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8) By 1/1/98 - Rebuild 1 mile of 69 kv line (Carbide-Messenger) to 1000 Amp capacity.

9) By 1/1/98 - Replace 600 Amp breaker at Keokuk Hydro with 750 Amp or greater rated
10) By 1/1/98 - Construct a 2nd 161 kv line from Viele to Carbide (12.5 miles).

11) By 1/1/98 - Reconfigure the Carbide Tap-Carbide 161 kv line to become a Palmyra, Mo.-
Roquette-Carbide-Viele 161 kv line,

12) By 1/1/98 - Retire existing Roquette and Commercial distribution substations.

13) By 1/1/98 : Raise Messenger breaker 9890 CT limit above 88 nva.

14) By 1/1/98 - Build Ferrosil Substation if Ferrosil cannot be served from Roquette
Substation.

15) By 5/1/2002 - Install a 161 kv, 50 mvar capacitor at Carbide.

The other plans considered were the B2 and B3 69 kv plans in the Keokuk area. Only the facilities in
Keokuk are detailed since the Fort Madison facilities are common to Plans B1, B2, and B3.

Plan B2:

1) By 12/01/95 -Install West Keokuk 69/12.5 kv-Substation.

2) By 12/31/95 - Raise Carbide breaker 9870 CT limit above 88 mva.

3) By 12/31/95 - Install (3) 161 kv manual operated switches at the Carbide Tap to permit

sectionalizing of the Palmyra-Carbide Tap-Vick 161 kv line.

4) By 12/31/95 - Install (2) 69 kv vacuum switches to permit staged switching of Carbide

5) By 12/31/96 - Install (1) 69 kv circuit breaker and construct approximately 0.5 miles of 69

kv line to create a Carbide-Messenger-Hydro 69 kv line and a Carbide-West Keokuk-Hydro 69

kv line. . :

6) By 1/1/97 - Construct 4.5 miles of 161 kv (operated at 69 kv) from Carbide to & new 69/12

kv distribution substation located near Roquette.

7) By 1/1/97 - Construct 1.6 miles of double circuit 69 kv to tie in new Roquette substation.

8) By 1/1/97 -  Construct a new 69/12 kv distribution substation downstream from Roquette
and transfer Roquette loads away from the existing substation.

9) By 1/1/97 - Rebuiki 1 mile of 69 kv line (Carbide-Messenger) to 1000 Amp Capacity.

10) By 1/1/97 < Replace 600 AMP breaker at Keokuk Hydro with 750 AMP or greater rated
breaker. ;

11) By 1/1/97 - Raise Messenger breaker 9890 CT limit above 88 mva.

12) By 1/1/98 - Construct a 2nd 161 kv linc from Viele to Carbide (10.25 miles).

13) By 1/1/98 : Re~configure the Carbide Tap-Carbide 161 kv line to become a Palmyra, Mo.-
Carbide-Viele 161 kv line.

14) By 1/1/98 - Retire existing Roquette and Commercial distribution substations.

15) By 1/1/98 - Build Ferrosil Substation if Ferrosil cannot be served from Roquette

Substation, 3
16) By 5/1/2002 - Install a 161 kv, 50 mvar capacitor at Carbide

Plan B3: Al line items in B3 are the same as in B2 except Item 6.
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5) By 1/1/97 - Construct 4.5 miles of 69 kv line from carbide to new 69/12 kv distribution
substation located near Roquette.

CONCLUSIONS

Power Supply to Burlington - Fort Madison - Keokuk area comes from these sources:

Denmark - Viele - Palmyra, MO 161 kv line
UE East Quincy, IL - Hamilton, IL 138 kv line
UE Keokuk Hydro plant 60 MW

Burlington Generating Station 211 MW

Afier review of load flows and economic studies associated with the various plans, plan B1 appears to
be the best choice regardless of whether a separate Ferrosil substation must be constructed. With
respect to cost, plan B3 is the cheapest, however, the 69 kv system begins to overload with this plan in
the not too distant future. In addition, plan B3 is not flexible in that future upgrade to a 161 kv system
would require significantly more cost than building the Bl plan initially. For these reasons, the
additional present worth cost of the Bl plan verses B3 ($280,256 (2.54%) - $351,837 (3.07%)
depending on Ferrosil source) is considered justified. Plan B2 allows flexibility for future 161 kv
upgrade, however, its present worth cost is higher than both other plans not including any upgrade
costs. Loading of the 69 kv system in B2 is the same as B3.

The recommended plan B1 has the following major features:

1) Spiits the Viele - Palmyra, MO 161kv1inctoprovidetwoindependeut 161 kv feeds into Carbide
Substation (Keokuk).

2) Picks up major Keokuk load growth at 161 kv. Note: Items 1) and 2) involve 17 miles of new 161
kv line construction.

3) Establishes a new 138 kv/ 161 kv interconnection with CIPS near Fort Madison

4) Makes efficient use of the present 69 kv network both in the short and long term.

5) Involves 100+ mva of new transmission voltage class capacitors to maintain area voltage for various
contingencies.

The recommended plan B1 serves expected load growth with a minimal investment.
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Review of Keokuk Area Loads — 2001 Summer

A review of the 2001 summer Keokuk, IA peak loads was conducted to determine if the need for
the Viele-Twin Rivers 161 kv line was still valid. The original study basis in 1995 was 102 mw of
load in the City of Keokuk. A review of 1997 loads confirmed a load of 116 mw in the same area.
A review of 2001 summer peak found 111 megawatts of load in the City of Keokuk.

Other factors to consider: presently the remaining 25 cycle customers are converting machinery,
etc. within their plant to 60 cycle operation. Ameren-UE exercised their contractual right to
terminate 25 cycle service with an effective date of September 25, 2001. The 111 megawatt peak
Keokuk load did not contain the above noted 25 cycle load. Had this load been converted to 60
cycle service, an additional 7.5 mw would have been on the 60 cycle system or an adjusted load
of 118.5 megawatts’

Conclusion: while load growth has not been as high as originally estimated, the factors present
that required the line in 1995 still exist.
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PLAN B COMBINED ROQUE TTE/FERROS L BUB

AFUDC CALCULATIONS USING 6% INTEREST

ATTACHMENT 2

AOQUETTE SUB/CARBIDE MODS
E Montha__[Rae [Total FUOC CAPITAL TOTAL
THeS| 3 400.000.00 8] 6o 0.5 8,000.00 V9903 240075.00 | §  7.140,000.00 7380.075.00
1998 3.390,000.00 T3] 60% [53 Y3.700.00 1997] §_295.800.00 4.375.000.00 4.881,300.00
191,700.00 1998 5.500.00 270,000.00 379,500 .00
VIELE-CARBIDE 181 4 MILES 000 12.000.00 760.000.00 14.000.00
[E Monthy _[Rate Weghting | Totel 2002] 14.000.00 700.000.00 14,000.00 |
1953 78.000.00 8 0% . 1,125.00 13,185.000.00 ]
1998 625,000.00 3 0% 73.250.00
%7 300,000.00 1 0% 37.000.00
#1,378.00
- PALMYFA-R 161 8.3 MILES
-E_;ﬂ Months  (Rme U
5 75,000.00 8 800% 5 T125.00
1908 7.840,000.00 2] 6.00% 5 54.800.
907 1.170,000.00 T13]_ 6.00% 5 40.400.00
1 ]l 194,414.00
[CH I 0,000.00 3 coon [X) 500,00
908, 330,000.00 3800 [X] 4.700.00
! 50800
2000 CAPACITOR
Momin__TRuts [Tatal
0] & 10000000 ) [X) 2,000,600
2000 00.005.00 4l e00% [1) 12,000.00
4 1.
1
omiy__[Rais Vowighang [Tetal
2001) § 100.000.60 ) !} i 2,000.00
200d| 3 000.000.00 3 G00% X 12,000.00
34.008.80
FLAN B1 SEPARATE FERRGIA. SUR
onths [Weighting TTetal CAPITAL _ TOTAL
S 40000000 — 8@ 0.5 1 Y000 3_Z10.015.00 140,000, R 350.075.00_
1908 4.390,000.00 i3] 6.00% [X) 783,700,600 997  350.00 §.005.000.00 $.441.350.00
: [T 19 50000 270.000.00 775.500.00
T 3900 14,000.00 ¥50.000.00 14,0000 |
ml—ili 1450000 | ¥00,000.00 714.000.00 |
orths £ [}
(3 $0,000.00 T 8] G.00%] ] X
[—ieea| §___ 180.000.00 T2 e.00% ] 10,800.00
7 7 440,000.00 12]__e.00m 3 400.00
; 3
1
VIELE-CARBICE 107 4 MLES
Monttm__[Ras o
T 500,00 T 68 5(8 . 195800
199 42500000 "32] _ 8.00% 25000
[ %1 §00,000.00 T 13} 800% ¥ 000,00
: 1 1, 375.80
- i
L] T e WAES
Wonths__[Rste___[Weghung [Total
S 5,000 00 X 5[ LK
T8 7,840,000 T 2] 8.00% $4.800.00
7 1,170,000.00 12| 8.00% X 140.400.50_
P | TR A0
Tm;"ﬁﬁm
Monthe  (Rate ‘ot
%] !.ﬂ‘ﬁ 500000 - B8] B X 2
[~ yee6| 3 1.178.000.00 $2]_ $.00% [ 48.780.00
T T
REORLN BREAFER/CARBIE WERSENGER 1 WiLE SO LINE____
Morthe__[Rite - [Totsl_
90| § '29.000.00 "3 S.00% [X) ¥
[~ eer[ 3 339,000.00 T 12 _o.mlf [X] 1250.00
— 1
THE CAPACTTON
— T [Monc [m__—_lmlj'u
D %0,000.00 8] .00% (X} 900.00
—10ed| §____ 230.000.00 ) (8 4.700.00
:noourr_Tcﬁﬁ
1 Montha _|Rste [Yarad
999 3 100.000.00 ) _c,wn'ﬂ %. 3,000.00
00| §___ 800.000.00 ) [X} 1500000 | -~
: 14,800.00




-

ATTACHMENT 2
AFUDC CALCULATIONS LISING 6% INTEREST

1 1 1 1 1
mwmnonr
Exapems Womn Rty Toal
2001] & 100.000.00 5[ 86.00% 'mo,i" ,000.00
2002| 3 800.000.00 4] e.00% [X] 12.000.00
! 14,000.00

AFUDCCALXLY ANNUAL COST BREAXDOWN PROVIDED Y SUSSTATION AND TRANSMIBSION ENGINEERING




ATTACHMENT 2

AFUDC CALCULATIONS USING 8% INTEREST

PLAN B2 TOMBINED ROGUE TTE/FERROSIL BB

ROGUETTE SUB/CARBIDE MODS AFU0C CAPITAL TOTAL
TEmpers WMot ;_|[Rma Towl 1990 3203 290,00 8.293,000.00 T.570,.880.00
[CHE 504.000.00 8] 6.00% 0. 7.820.00 1907] §_254250.00 3.700.000,00 3.954.240.00
608; §__ 5.825.000.00 12] _6.00% 0. 205,230.00 1998 §.500.00 270.000.00 275,500.00
F11.880.00 2000 74.000.00 ¥0.000.00 14,000.60
i 2003[ 3 14.000.00 700,000.00 4,000 .00
181 LINES 13.963.000.00
MOty L0 Total
Emtié 250.000.00 B 6.00% . 3.750.00
(L 1.950.000.00 12 ooo% 73.500.00
197 1.500,000.00 | 3] 6.00% 177,600.00
: 354,250.00
]
Mot - [Rme___ [Wegniing [Tolal
—iMs| 3 247,00000 8| 8.00%] 6.5[1 3,705.00
V08| 3 1,403,000.00 72| 8.00% 08 ¥10.00
141890
KEOKUK BREAKEI IDEMESSENGER 1 MILE 8 LINE
otsl
ROQUETTE
[Ecpwmss CAPYAL AL
AL 8 475,000, § 600N 0.5 TAZ5.00 23844800 7.4%5,000.,00 7.753.488.00
[ ime] §__ 8.080.000.00 12[__e.00% 0.5 780,300.00 1997| 3_303,300.00 3.070,000.00 1.573.360.00
] T AHN 1) 500,00 210,000.00 275.500.00
! 2000 14.000.00 700,000.00 71400000
[T, ) 2002 14.000.00 700,000.00 714,000.00
Workhs -~ [Rave Totsl 74,.415,000.00
109 30,000.00 8 S00% 450,
1008 80.000.00 2] 0.00%| 420000 7
190 1.200,000.00 1 S.00% 44.400.00

000

Monttd |_|Rate [Weiphiing | ¥
0| 8 100,000.00 [ e.00% [ 2.000.00
2000] 5 800,000.00 4__e00% 0.8 12.000.00
14,000.00

2002 CAPACITOR .

[Exspanss Niorghs . |Rsie____[Weighting [Tetel
7001 1 100,000.00 .00% !§+‘ 2,000.00
2002 $00,000.00 4| 6.00% X 12.000.00
24 900.00
AFUDCCALINS mmrwnmuamumnmmw
1

ot 0 AR R G BT T R T R AR AT T T



ATTACHMENT 2
AFUDC CALCULATIONS USING &% INTEREST

PLAN B3 COMBINED ROQUETTEFERRGAIL 3UB
[ ROQUETTE SUR/CARBIDE MODS
[Months  [Rats

ROQ SUB/CARBIDE MODS CAPITAL TOTAL
Exapense TTeanl (LK 7,440,0600.00 7.004.925.00
1995 508.000.00 ﬂ.ﬂ 7.8620.00 1897 3.700.000.00 3.954.230 00
L) %.847.000.00 05 19%,890.00 1998 270,000.00 775.500.00
207,840.00 2000 700.000.00 714,000.00
2003 700.660.00 714.006.00
12.810.000.00
— [Montha {Weyghing (Totat
103 250.000.00 E 3.750.00
1900 3,050,000.00 73.500.00
1997 1.500.000.00 177.000.00
L) 100,000.00 [X] 4.000.00
2000 $00,000.00 [X] 14.000.00
14,000.09
[Totat
2001 400,000.00 [X] 2.000.00
2002 $30.000.00 [} 12.000.00
14,800 50
| PLAN B3 BEPARATE FERRCHIL U8
ROCI
[Ecpenss [Mongis_[Rats APTTAL FOTAL
993 475.000-00 ; 1080 8.875,000.00 §.903.480.00
1908 491300000 AT 3.070.000.00 $.373.500.00
o 270,000.00 278.500.00
2000 700,000.00 714,000.60 |
2002 TW.R.N T14.000.00
]EM 13:418,000.00
1895 30.000.00
[ e 30,055.00 |
1097 1.260.000.00
[Tou
%5 250.000.00 K} 375000
1960 1.950.00G.00 X 3.500.00
907 1.500.000.00 il 77.000.00
I

2001 100,000.00 [] 0.5 00000
2002 80000000 4 [X] 12.000.
- 14.000.00

ANNUAL COST BREAKDOWN PROVIDED BY SUBSTATION AND TRANSMIBSION ERMNEERING
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