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PwrTech Designs underN. (f) 807:622:7164
P7E 4J9 (c) 807.627.2321

(e) pwrtechtbaytel.net

June 14, 2004

Great Lakes Power Limited
2 SackviNe Road
Sault Ste. Marie, ON., P6B 6J6

Attention: Berk Gursoy
Title: Sr. Transmission Engineer

Dear Sir

Re: Transmission Station Grounding Grid
Assessment and Measurements — Final Report
GLP Contract No.: NEAM 2003-0028
PwrTech Project No. : 03-014-02

We are pleased to submit two (2) copies of the completed study report “Transmission Station
Grounding Grid Assessment and Measurements, Final Report”.

Should you wish further clarification of any information contained in this report, we would welcome
the opportunity to be of service.

Yours truly,

PwrTech Designs

Barry Bingeman
Lead Designer

BWB/bwb
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312 Mary St. E. (t) 807.622.2233
Thunder Bay, ON. (f) 807.622.7164r wr ech esigns

(e) pwrtechtbayteI.net

1.0 INTRODUCTION AND SCOPE OF WORK

Great Lakes Power Limited retained the services of PwrTech Designs of Thunder
Bay to perform additional grounding measurements and documentation of eight
transmission substations. This follows the initial four transmission substations which
were completed under PTD project 03014-01. The additional transmission

substations studied are:

1. AnjigamiTS

2. Clerque TS

3. Echo River TS

4. Hollingsworth TS

5. Magpie TS

6. Northern Ave TS

7. Patrick St./Steelton TS

8. Watson TS

PwrTech Designs retained the services of Procomm T.S.l. to provide grounding
measurements and assist in the overall study objectives and analysis. KMH
Engineering was retained to provide a technical review of modeled results and
endorse the final report.

The objectives of the study are to measure and document the following:

1. Stone coverage of the area

2. Stone quality (measure resistivity of existing stone)

3. Inventory of #2/0 awg. single conductor loops or connections above ground

occurrences.

4. Continuity of the main grounding grid and possible measuring of the

grounding conductor size integrity of the grounding connections for all free
standing equipment or structures in switchyard (including fence grounding).

5. Confirmation of grid wire size in selected areas.

6. Soil resistivity.

7. Measured/calculated grid resistance to remote earth.

8. Measured! calculated potential rise and comparison to modeled values.

June 14, 2004 Project No.: 03-014-02 Report Page 2
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9. Calculated ground potential rise for a remote fault.

10. Connection resistances between grid and fence, integrity along fence and
integrity of gates.

11. Ensure that all accessible non-current-carrying metal structures and

equipment are maintained at the same potential.

12. All measurements and calculations will be in accordance with IEEE 80.

June 14, 2004 Project No.: 03-014-02 Report Page 3
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312 Mary St. E. (t) 807.622.2233P . Thunder Bay, ON. (f) 807.622.7164vvr ech esigns
(e) pwrtechtbayteI.net

2.0 EXECUTIVE SUMMARY
Great Lakes Power Limited retained the services of PwrTech Designs of Thunder
Bay to perform additional grounding measurements and documentation of eight
transmission substations. This follows the initial four transmission substations which
were completed throughout the summer and fall of 2003; PTD project 03014-01.

PwrTech Designs retained the services of Procomm T.S.l. to provide grounding
measurements and assist in the overall study objectives and analysis. KMH
Engineering was retained to provide a technical review of modeled results and
endorse the final report.

Section 1.0 details the requirements and objectives of the study. Generally these
may be summarized as: condition of the grid and fenced enclosure, soil resistivity
measurements, grid resistance to remote earth and ground potential rise for existing
short circuit values and for future distant short circuit values.

Field measurements were made during a three week period from October 20th

through to November 6th, 2003. Environmental conditions during this period were
near freezing temperatures with precipitation occurring most days. This has an effect
on measured results. Extracted from IEEE standard 80-2000, contained in Appendix
9.4, is a summary chart indicating the effects of moisture, temperature and salt upon
soil resistivity. We have not biased our measurements based on temperature and
moisture.

Engineering drawings of the installed ground grid were provided to PwrTech Designs
for each station examined. The drawings for recently reworked ground grids
accurately reflected the installed system, older stations, such as Northern Ave., were
more generalized and assumptions as to the installed system had to be made. We
attempted to obtain the generation station ground grid drawings for the transmission
stations which are inter-connected to the generation station grids. Drawings that
were obtained did not accurately reflect installed grids. Anjigami TS is inter
connected to the adjacent Hydro One Station grid and this drawing was also not
obtainable at the time of our analysis (a request is still in progress). For the Patrick

June 14, 2004 Project No.: 03-014-02 Report Page 4
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St .1Steelton substation, Algoma Steel was contacted and ground grid drawings were
obtained for their portion of the station ground grid.

Ground grid layouts were modeled in computer analysis software: ETAP Power
Station by Operation Technology Inc. Soil resistivity measurements were utilized in
the computer model to reflect actual conditions. Conductor grid layouts were based
on the engineering drawings provided and obtained. Current split factors have been
considered based on present installed transmission and distribution circuits.

In our analysis we have compared the computer modeled results to the measured
results and also to hand calculated results. Existing short circuit fault values have
been considered in the initial analysis. These values, provided by GLP, are
summarized in Appendix 9.3. The results of this analysis are summarized in “Table 2
- Tabulated Study Results, Existing Fault Considerations”. Detail calculations have
not been included in this report. Distant Future short circuit values have also been
considered. The results of this analysis are summarized in “Table 1 - Tabulated
Study Results, Distant Future Fault Considerations”.

Transmission stations which are interconnected with the Generating stations could
not be modeled accurately because of the unknown systems. We have based our
calculations and analysis on the measured values. It is strongly recommended that
some stations be revisited for additional measurements. These stations are Anjigami,
Clerque, Hollingsworth, Magpie and Watson TS.

Detail comments for each specific Transmission Substation analyzed are contained
in section 6.x.14 of the Detail Substation Results.

June 14, 2004 Project No.: 03-014-02 Report Page 5
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312 Mary St. E. (t) 807.622.2233

p . Thunder Bay, ON. (f) 807.622.7164wr ech esigns P7E4J9 (c)807.627.2321
(e) pwrtech©tbaytel.net

3.0 MEASUREMENT APPARATUS and METHODOLOGY

Two earth resistance testers were used to measure soil resistivity. Both units are
manufactured by Biddle Megger Instruments.

Models used were DET2/2 Auto Earth Tester and ET613 Earth Tester.

For all transmission substations measured the “Slope Method” was used. Refer to
the Appendix for a description of this methodology. Details of measurements and
results are shown in the specific substation tab in Section 6.0.

June 14, 2004 Project No.: 03-014-02 Report Page 8
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312 Mary St. E. (t) 807.622.2233

p Thunder Bay, ON. (f) 807.622.7164
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4.0 ENVIRONMENTAL CONDITIONS

Field measurements were made during a three week period from October 20th

through to November 6th, 2003.

Weather conditions during all three weeks were wet and cold. Temperatures were

typically 0C to ÷8CC. Precipitation occurred almost every day in the form of rain or

snow. Ground conditions were wet but no freezing had occurred.

June 14, 2004 Project No.: 03-014-02 Report Page 9
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312 Mary St. E. (t) 807.622.2233

p Thunder Bay, ON. (f) 807.622.7164vvr ech esigns P7E4J9 (c)807.627.2321
(e) pwrtech@tbaytel.net

5.0 COMPUTER SOFTWARE

ETAP Power Station version 4.7.0.C by Operation Technology Inc. was used to
perform the grounding calculations and modeling. This program performs
calculations based on the following standards and methods:

• IEEE 80-1986

• IEEE 80-2000

• IEEE 665-1995

• Finite Element

The substation grids for all sites studied are of irregular shape and complexity. The
Finite Element method has been selected for modeling of the systems.

June 14, 2004 Project No.: 03-014-02 Report Page 10
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6.0 DETAIL SUBSTATION RESULTS

6.1 Anjigami TS

6.1.1 Soil Resistivity Measurement Locations

HYDRO ONE TS

XMl

XM6
M4x

X
M5

X

M3 \
REMOTE EARTH
MEASUREMENT

June 14, 2004 Project No.: 03-014-02 Report Page 11
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312 Mary St. E. (t) 807.622.2233

p Thunder Bay, ON. (f) 807.622.7164wr ech esigns
(e) pwrtech©tbaytel.net

6.1.2 Resistivity Measurement

Soil resistivity has been calculated based on the following:

P=2yraR

a = Rod Spacing

R = Resistivity Measurement

Measurement Resistance Calculated Soil
Location Probe Spacing

Measured Resistivity
Ml 0.76M 2842 1359
M2 0.91 M 536 2 3079 2M
M3 0.91 M 165 2 947 2M
M4 0.91 M 381 2 2189 2M
M5 0.305M 5562 1065DM
M6 0.305 M 490 2 939 2M

Modeling Values Used:

1. Surface Stone 1000 2M

2. Upper Surface Moist Soil 2000 QM

3. Lower Surface Moist Soil 2000 2M

6.1.3 Ground Resistance Measurements

Measurement Location:

The test ground electrode used is indicated on the measurement location sketch
6.1 .1. Current probe Cl was located in a south east direction, 800 ft. from test
electrode. Potential probe P1 measurements were made at approximately 100 ft.
intervals between test electrode and current probe Cl.

Measurements obtained:

Position No. Distance Resistance
1 160ft. 0.358c2
2 200ft. 0.4142
3 320 ft. 0.5762
4 400ft. 0.7322
5 480ft. 0.854Q
6 600ft. 1.0762
7 700ft. 1.339(2

June 14, 2004 Project No.: 03-014-02 Report Page 12
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312 Mary St. E. (t) 807.622.2233

p Thunder Bay, ON. (f) 807.622.7164wr ech esigns
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The Slope Method was used to calculate soil resistivity. Refer to Appendix 9.1 for
supporting methodology.

Distance calculation for value R

R1 —02x800’—160’

R2 —04x800’—320’

R3 =0.6x800’ r 480’

Remote Distance Curve Calculation:

R3—R2 0.854—0.576
127

R2—R1 0.576—0.358

From Table VII in Appendix 9.2:

p of 1.27 = Pt/C of 0.474

Distance of potential probe to represent remote earth soil resistivity

= 0.474 x 800’ = 379’ to Probe P1

Measured Value = 0.73 c2

6.1.4 Stone Coverage Area

On a percentage basis, approximately 100% of the area inside the fenced enclosure

does have a stone cover. Stone depth was measured at 0.152 M. The stone cover
and sand subsoil contained considerable moisture. This is reflected in the ground
resistance measurements.

June 14, 2004 Project No.: 03-014-02 Report Page 13
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312 Mary St. E. (t) 807.622.2233

p Thunder Bay, ON. (f) 807.622.7164wr ech esigns P7E4J9
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6.1.5 Allowable Safe Step and Touch Potentials

Based on Surface Layer De-rating Factor (Cs)

0.09(1
-

Cs=1-
2h + 0.09

=i_I_0.09
0.394

= 1 — (—)0.228

=1.228

P = 2000 Q.M

= 1000

h =0.152M

Safe Step Potential

EStep(5O) = [1000 + 6CP] * 0.116

=[l000+6*1.228*l000J* o.11:

=8368*0.164

= 1372 Volts

EStep(7O) = [1000 + 6CPj *

_____

=[l000+6*1.228*l000]* 0.157

= 8368 * 0.222

= 1858 Volts

June 14, 2004 Project No.: 03-01402 Report Page 14
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312 Mary St. E. (t) 807.622.2233
Thunder Bay, ON. (f) 807.622.7164

‘wr ech esigns
(e) pwrtech©tbaytel.net

Safe Touch Potential

ETOUCh(5o) [1000+1.5Cspsl* 0.116

={l000 + 1.5*1.228*1000]* 0.116

=2842*0.164= 466 Volts

ETOUCh(7o> =[1000+1.5CsPsl
0.157

=[l000+1.5*1.228*l000j* 0.157

= 2842 * 0.222= 631 Volts

6.1.6 Total Resistance to Remote Earth

Rg =[+[+

=2000* +
1+

1
998 i2o*2575

1+0.305J
20

2575= 2000 *[o 0010 + 0.0044 * 1 .974}

2000 * 0.0097

19.4 C
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312 Mary St. E. (t) 807.622.2233

p . Thunder Bay, ON. (f) 807.622.7164wr ech esigns
(e) pwrtech@tbaytel.net

LT = Buried conductors and rods

= 988 M

A = Ground grid area

=2575M2

h=Depth of grid

=0.305M

P = Resistivity

= 2000 Q.M

6.1.7 Current Grid Split Factor Determination

To calculate Sf based on IEEE Std. 80-2000 Annex C.

Based on 5 Transmission I 1 Distribution Lines

Rg Measured = 0.73 0 (selected for calculation)

Rg Calculated 19.4 0

Rg Modeled = 18.3 0

Method A

TableC.1 4T/ID Rtg =150 Rdg =250 R+]X =0.45+J0.16

Zg
= (0.45 + 10.16) = 0.478

= 0.400
(0.73+0.45+10.16) 1.191

Method B

4T / 1 D 100% Remote Contribution Rg = 0.73 0

R9 =150 Rdg =250 FigureC.5

Sf =38%

Comparing methods A and B, assign Sf for 115 kV system of 38%.
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312 Mary St. E. (t) 807.622.2233

p . Thunder Bay, ON. (f) 807.622.7164wr ech esigns
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6.1.8 Symmetrical Grid Current (Ig)

I Q *1
‘g ‘‘f ‘F

= 0.38 * 10.07 kA

=3.83kA

Sf =38%

IF = L —G value from G.L.P.

=10.O7kA

6.1.9 Maximum Grid Current (Is)

*1
‘G f ‘g

=1.039*3.83kA

=3.98kA

Df =1.039

19 =r3.83kA

6.1.10 Calculated Ground Potential Rise (GPR)

GPRHand = Rg * * I 0

=19.4*3.98*103

= 77212 Volts

GPRMeasud = Rg * * I

=0.73*3.98*103

= 2905 Volts

6.1.11 Comparison of Modeled Values and Results

Modeled Step and Touch voltage values have not been compared to manual
calculated values.

Manual calculated values could not be completed as per the methodologies of IEEE
80-2000 Section 16.5.1 and 16.5.2 due to the irregularity and complexity of the
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312 Mary St. E. (t) 807.622.2233
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existing grounding grid layout. Refer to Sections 16.7 and 16.8 of the referenced
standard.

Section 6.1.15 contains the detailed computer model output summary report. The
Ground Grid Summary Report, usually the final page of the output documents,
summarizes the calculated Maximum Touch and Step Potential values based on the
grid layout. Calculated values are compared to the Safe Touch and Step potentials.

6.1.12 Fence Grounding and Condition Comments

The boundary fence is tied to the substation ground grid. Measured resistance

between fence and ground grid is 0.286 c2.

A visual inspection of the fence and gate grounding was completed. The condition of
each thermoweld was inspected and the continuity of each jumper was confirmed.
There were no apparent bonding issues associated with the fence or gates.

6.1.13 Above Grade Equipment Ground Audit

An audit of all bonding and grounding associated with electrical distribution

equipment, supporting towers and structures, fences and gates was completed. All
bare ground wire connections were assessed including both thermoweld and

mechanical configurations. Bare ground wire sizes were measured and compared to
the engineering drawing provided by Great Lakes Power. For reference, this drawing
is 1079701-E-004 rev. 3 (file SD-20203).

At the time of this audit, an installation of a new SF6 circuit breaker was being
completed. Grounding conformity to breaker and structure was not confirmed.

6.1.14 Comments

1. The ground grid for the GLP Anjigami TS is inter-connected with the adjacent
Hydro One Anjigami TS. We did not obtain a ground grid layout drawing for the
Hydro One yard at the time of our analysis; however a request has been made to
obtain this drawing.
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2. The above referenced drawing indicates a remote ground grid array near

Anjigami Lake. This could not be confirmed and has a significant effect on

modeled and hand calculations.

3. An accurate computer model of Anjigami TS could not be constructed because of

the issues referenced in items I and 2 above. Therefore results have been

calculated based on the measured remote earth resistivity.

4. The incoming structure on the west side of the yard, breakers 843 and 854, does

not have the required clearance between the equipment and the fence. It is

possible to realize ground grid touch potential at this location.
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312 Mary St. E. (t) 807.622.2233

p . Thunder Bay, ON. (f) 807.622.7164wr ech esigns P7E4J9 (c) 807.627.2321
(e) pwrtech©tbaytel.net

6.1.15 Computer Model Output Results

System Data:

Body Weight 70 kg

Fault Current (‘F) 10.07 kA

XIR ratio 15.18

Division Factor (SF) 38%

Projection Factor (Ce) 100%

Fault Duration (T, 7, T) 0.5 sec.

Plot Step 3ft.

Summary Report:

Ground Resistance (Rg) N/A 2

Ground Potential Rise (GPR) N/A V

Tolerable Touch Potential 631 V

Calculated Touch Potential N/A V

Tolerable Step Potential 1858 V

Calculated Step Potential N/A V

Modeled Results Not Obtainable
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312 Mary St. E. (t) 807.622.2233

p . Thunder Bay, ON. (f) 807.622.7164vvr ech esigns P7E4J9 (C) 807.627.2321
(e) pwrtech©tbaytel.net

6.2 Clerque TS

6.2.1 Soil Resistivity Measurement Locations

GATE xM2
I I

DAMAGED FENCE_______
PHOTO’S 1+2 xM4

_______

FENCE TOP RAIL
JUMPER MISSING

M3x
XMl

REMOTE EARTH — — —.

MEASUREMENT

— CONCRETE WALL
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312 Mary St. E. (t) 807.622.2233

p . Thunder Bay, ON. (f) 807.622.7164wr ech esigns P7E4J9

(e) pwrtechtbaytel.net

6.2.2 Resistivity Measurement

Soil resistivity has been calculated based on the following:

P = 2’raR

a Rod Spacing

R = Resistivity Measurement

Measurement Resistance Calculated Soil
Location Probe Spacing

Measured Resistivity
MI 2.0M 29Q 3642M
M2 2.OM 1462 1834
M3 2.OM 102 126 2M
M4 0.305M 1171 2 2242 2M

Modeling Values Used:

1. Surface Stone 2242 2M

2. Upper Surface Moist Soil 250 c2•M

3. Lower Surface Moist Soil 250 2M

6.2.3 Ground Resistance Measurements

Measurement Location:

The test ground electrode used is indicated on the measurement location sketch
6.2.1. Current probe Cl was located in a westerly direction, 800 ft. from test
electrode. Potential probe P1 measurements were made at the required significant
locations between test electrode and current probe Cl.

Measurements obtained:

Position No. Distance Resistance
1 160ft. 0.336&2
2 320 ft. 0.821 2
3 480ft. 1.201

This was the third measurement that was taken to obtain a remote earth resistance
value. The first measurement was taken along the spillway towards the pedestrian
walkover and the second measurement was taken in the direction towards the
Casino, a north easterly direction. Both measurements failed to resolve into an
acceptable value.
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312 Mary St. E. (t) 807.622.2233
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The Slope Method was used to calculate soil resistivity. Refer to Appendix 9.1 for
supporting methodology.

Distance calculation for value R

R1 —02x800’—160’

R2 —04x 800’— 320’

R3 =0.6x800’=480’

Remote Distance Curve Calculation:

R3—R2 1.201_0.821 0784
R2—R1 0.821—0.336

From Table VII in Appendix 9.2:

p of 0.784 = Pt/C of 0.584

Distance of potential probe to represent remote earth soil resistivity

= 0.584 x 800’ = 467’to Probe P1

Measured Value = 1.2 c2

6.24 Stone Coverage Area

On a percentage basis, approximately 100% of the area inside the fenced enclosure
does have a stone cover. Stone depth was measured at 0.23 M. The stone cover
and sand/gravel subsoil contained considerable moisture. This is reflected in the
ground resistance measurements.
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312 Mary St. E. (t) 807.622.2233
Thunder Bay, ON. (f) 807.622.7164‘wr W ech esigns

(e) pwrtech@tbaytel.net

6.2.5 Allowable Safe Step and Touch Potentials

Based on Surface Layer De-rating Factor (Cs)

0.09 (1
—

Cs=1-
2h +0.09

=i_1’0.080
0.55

=1—0.145

=0.855

P=250.2—M

P =2242c2—M

h =0.23M

Safe Step Potential

EStep(5O> = [1000 + 6CP 1* 0.116

=[l000+ 6*0.85*2242]*

=12501*0.164

= 2050 Volts

EStep(7O) —[1000+6CsPs]

=[l000+6*o.85*2242}* 0.157

= 12501 * 0.222

= 2775 Volts
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PwrTech Designs
312 Mary St. E.
Thunder Bay, ON.
P7E 4J9
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(t) 807.622.2233
(f) 807.622.7164

(c) 807.627.2321

Safe Touch Potential

0.116
ETOUCh(5o) =[1000+1.5CsPs}

0.116=[l000+1.5*o.85*2242}*

=3875*0.164

= 636 Volts

0.157
ETOUCh(7o) [1000+1.5CsPs]*

0.157=[l000+1.5*o.85*2242]*

= 3875 * 0.222

= 860 Volts

6.2.6 Total Resistance to Remote Earth

Rg
[T

— 250

= 250 * [0.00089 + 0.0026 * 1.98]

— 250 * 0.0060

=1.512

I I
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LT = Buried conductors and rods

=1119M

A = Ground grid area

=7476M2

h = Depth of grid

=0.305M

P = Resistivity

= 250 Q.M

6.2.7 Current Grid Split Factor Determination

To calculate Sf based on IEEE Std. 80-2000 Annex C.

Based on 6 Transmission I 0 Distribution Lines

Rg Measured = 1.2 2 (selected for calculation)

R9Calculated = 1.51 c2

Rg Modeled = 1.47 2

Method B (Interpolation Required)

4T I OD 25% Local / 75% Remote Contribution Rg = 1.2 0

Rtg =150 Rdg =250 Figure C.17

Sf =26%

ST / OD 25% Local I 75% Remote Contribution Rg = 1.2 0

Rtg =150 Rdg =250 Figure C.17

Sf =17%

Approximate Split Factor
17±26

= 21.5%

Assign Sf for 115 kV system of 22%.
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6.2.8 Symmetrical Grid Current (Ig)

I V *1
‘g ‘f ‘F

=0.22*15.44 kA

=3.4OkA

Sf = 22%

IF = L —G value from G.L.P.

=15.44kA

6.2.9 Maximum Grid Current (I,G)

I *1
‘G’’f ‘g

=1.019*3.4OkA

=3.46kA

Df =1.019

1 =3.4OkA

6.2.10 Calculated Ground Potential Rise (GPR)

GPRHand =Rg*IG *103

=1.51*3.46*103

= 5225 Volts

GPRMeasud = Rg * * 1 o
=1.2*3.46*103

= 4152 Volts

6.2.11 Comparison of Modeled Values and Results

Modeled Step and Touch voltage values have not been compared to manual

calculated values.

Manual calculated values could not be completed as per the methodologies of IEEE

80-2000 Section 16.5.1 and 16.5.2 due to the irregularity and complexity of the
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PwrTech Designs
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(t) 807.622.2233
(f) 807.622.7164

(c) 807.627.2321

existing grounding grid layout. Refer to Sections 16.7 and 16.8 of the referenced
standard.

Section 6.2.15 contains the detailed computer model output summary report. The
Ground Grid Summary Report, usually the final page of the output documents,
summarizes the calculated Maximum Touch and Step Potential values based on the
grid layout. Calculated values are compared to the Safe Touch and Step potentials.

6.2.12 Fence Grounding and Condition Comments

The boundary fence is tied to the substation ground grid. Measured resistance

between fence and ground grid is 0.35 2.

A visual inspection of the fence and gate grounding was completed. The condition of
each thermoweld was inspected and the continuity of each jumper was confirmed. A
top rail jumper is missing on the east side midway of the fence length.

As observed in the following photographs the fence is damaged for approximately 6
sections. Refer to measurement location sketch, section 6.2.1 for fence damage
location.

6.2.13 Above Grade Equipment Ground Audit

An audit of all bonding and grounding associated with electrical distribution
equipment, supporting towers and structures, fences and gates was completed. All

—;

Photo #1 Looking North Photo #2 Looking South
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bare ground wire connections were assessed including both thermoweld and

mechanical configurations. Bare ground wire sizes were measured and compared to

the engineering drawing provided by Great Lakes Power. For reference, these

drawing are: SH-3 9603 rev. 4, SE-3 9601 rev. 4 and 9862-SD-39650 rev. 2.

No issues were observed. We did not inspect the service platform on top of the dam

nor any of the Generating Station grid. Limits of inspection were confined to the

substation yard.

6.2.14 Comments

1. The remote earth measurement proved to be difficult. The only successful

measurement was obtained by following the earth berm behind St. Marys Paper

Administration Building and along the roadway next to the Groundwood Building.

2. The Powerhouse ground grid is interconnected with the substation yard grid. The

copper conductors associated with the Powerhouse, generators and

maintenance platforms have not been entered into the model, they are however

included in the field measurement.

3. It is recommended additional site measurements be taken to confirm the validity

of the initial site measurements.

4. Considering existing fault values, the Safe Touch Potential exceeds tolerable

limits (142%).

5. Considering distant future fault values, the Safe Touch Potential exceeds

tolerable limits (220%).
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6.2.15 Computer Model Output Results

System Data:

Body Weight 70 kg

Fault Current (IF) 14.44 kA

XIR ratio 7.10

Division Factor (SF) 22%

Projection Factor (Ce) 100%

Fault Duration (7, T, T) 0.5 sec.

Plot Step 3 ft.

Summary Report:

Ground Resistance (Rg) 1.47 2

Ground Potential Rise (GPR) 5094 V

Tolerable Touch Potential 860 V

Calculated Touch Potential 1899 V

Tolerable Step Potential 2772 V

Calculated Step Potential 1177 V

Touch Voltage Exceeds Tolerable Limits
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Project: Ground Grid Assessment ETAP PowerStation Page:

Location: Clerquc TS 4.7.4C
Date: 04-08-2004

Contract: PTD Project 03014-02 SN: PROCOMMTSI

Engitteer: Bingeman Study Case: GRD2 Filename: GLP-Clergue

Distant Fttture 115 kV Consideration

Electrical Transient Analyzer Program

ETA P PowerStation

Ground GtemL

Finite Element Method

Number of Ground Conductora: 48

Number of Ground Rods: 49

Total Length of Ground Conductors: 3182.00 ft

Total Length of Ground Rods: 490.00 ft

Frequency: 60.0

Unit Systent: English

Project Filename: GLP-Clerguc

Output Filename: C:\Documcats and Settings\Barry Bingcman\My Documents\Grcat Lakes
Power\Modcls\GLP-CLERQUE\Grid l_Untitled.GR I
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Project; Ground Grid Assessment ETAP PowerStation
Page: 2

Location; Clcrque TS

Contract; PTD Project 030 14-02

Ettgittecr: Bingeman

Distant Future 115 kV Consideration

Date; 04-08-2004

SN; PROCOMMTS1

Filename; GLP-Clergae

System Data:

Ground Grid Input I)ata

Short-Circuit Current Fault Duration (Seconds)

Total Sf Cp TI Tc Ts Extended
Ambient Fault Division Projection for for Sizing for Plot Boundary

Freq. Weight Temp. Current Factor Factor Total Fault Ground Available Step Length
Hz kg °C kA X/R % Duration Conductors Body Current ft ft

60.0 70 4000 15.438 7.10 22.0 100.0 0.50 0.50 0.50 3.0 0.0

Soil Data:

Sttrface Material

Resistivity Depth

Material Type .tit ft

Crashed rack 2242.0 0.75

Resistivity Depth

ft

250.0 5.01)

Material Constants:

Conductor/Rod

Cosdoetor

Rod

Type

Copper. annealed 550-drawn

Copper, annealed saft’drasvn

Resistivity of Thermal
r Factor Fusing Ground Conductor Capacity

Conductivity @20°C KU @ Temperature @20°C Per Unit Volume

1/°C 0°C °C cm J/(m.°C)

100.0 0.00393 234.0 083.0 (.72 3.42

(00.0 0.00393 234.0 (093.0 (.72 3,42

Conductor Data:

Label

C3

C4

C5

C6

C7

CS

Cl7

C19

C20

C2 I

C24

C25

C26

C27

C29

C44

C45

Type

Capper, annealed soft-drawn

Copper, annealed soft-dross’s

Copper, annealed saft-drasrn

Copper. annealed soft-drawn

Copper. annealed soft-drawn

Copper. annealed soft-dross’s

Copper. annealed soft-dross’s

Copper. annealed soft-drasvn

Copper, annealed soft.drasvn

Copper. annealed soft.drasrn

Capper, annealed soft-drasrn

Copper, annealed soft’drasrn

Copper, annealed soft-dross’s

Copper, annealed soft.drasrn

Copper. annealed soli-drassn

Capper. annealed soft-drasrn

Copper. annealed soft-drasvn

Size From
..,,,,,..,.,,,,,, _,,_,,,,,Jf ,,.,_.....,,,,

Length Insulated Cost
AWG/kcmil X V Z X V Z ft Yes/No S/ft

500 171.9 112.7 1.0 171,9 77.2 I 0 35.5 NO $3

500 67.0 113.0 .0 245.2 113.0 1,1) 78.2 NO $3

500 244.2 ((2.7 (.0 244.0 (77.0 (.0 64.3 NO $3

500 244.7 (76.7 .0 268.7 76.5 (.0 24.0 NO $3

500 268.0 177.0 .0 268.0 (93.0 (.0 (6.0 NO $3

500 269,2 192.7 (.0 340.5 190.5 (.0 71.5 NO S3

2/0 244.5 151.5 1,0 449.0 151.0 1.0 204.5 NO $3

500 (66.5 (27.0 .5 231.5 127.0 (.0 65.0 NO S3

500 231,0 127.0 1.0 231.0 209.5 1.0 02.5 NO $3

500 (67.5 209.0 (.0 231.5 209.0 (.0 64.0 NO $3

500 368.0 28.5 (.0 440.5 28.5 (.0 72.5 NO $3

500 440,5 28.5 (.0 440,5 75,5 (.0 47,0 NO S3

500 368.0 75.5 (.0 368.0 27.5 (.0 48.0 NO $3

500 430.0 74.5 (.0 440.5 74.5 (.0 10.5 NO $3

500 352.5 45.5 1.0 369.0 45.5 1.0 16.5 NO $3

2/0 63.0 (4.0 0.6 455.3 14.5 0.6 292.3 NO 53

2/0 454.5 (5.0 0.6 454.0 270.0 0.6 255.0 NO $3

4.7.4C

Ststdy Case; GRD2

Upper Layer Soil

Material Type

Moist soil

Lower Layer Soil

Resistivity

MaterialType

Moist soil 250.0
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Project: Ground Grid Assessment

Location: Clcrque TS

Contract: PTD Project 030 14-02

Engineer: Bingetnan

Distant Future 115 kV Consideration

Conductor Data:

ETAP Power Station

4.7.4C

Study Case: GRD2

Page: 3

Date: 04-08-2004

SN: PROCOMMTSI

Filename: GLP-Clerguc

Label Type
Size Length Insulated Cost

AWG/kensil X 1’ Z X V Z Yes/No S/ft

C46 Copper, annealed saft-drasvn 2/0 161.5 313.5 0.6 454.8 270.0 0.6 296.5 NO S3

C47 Copper, annealed soft-drawn 2/0 162.0 14.0 0.6 162.0 313.5 0.6 299.5 NO $3

Co Capper. annealed soft-drass’n 500 85.5 39.5 1.0 185.5 76.0 .0 36.5 NO $3

Cl Copper, annealed soft-drawn 500 197.5 40.0 .0 (97.5 76.0 1.0 36.0 NO $3

C2 Copper, annealed soft-drasvn 500 184.5 76.8 1.0 199,0 76.2 1.0 14.5 NO $3

C28 Copper, annealed soft-drasvn 500 197.5 47.0 (.0 245.0 47.0 1.0 47.5 NO $3

C22 Copper, annealed soft-drawn 500 438.0 (30.5 (.0 438.0 167.0 1.0 36.5 NO $3

C23 Copper, annealed soft-drasvn 500 438.5 131.8 1.0 471.5 145.5 1.0 36.0 NO $3

CO Copper. annealed soft.drasvn 500 340.5 (98.7 1.0 540.5 220.0 (.0 21.3 NO $3

ClO Capper, annealed soft-drawn 500 340.6 219.7 1.0 41 1.8 219.5 1.0 71.2 NO S3

CII Capper, annealed soft-drass’n 500 411.6 219.5 1.0 411.6 243,2 1.0 23.7 NO $3

C12 Copper. annealed soft-drawn 500 41 1.3 242.0 1.0 423.6 242.2 1.0 12.3 NO $3

Cl3 Copper. annealed soft-drawn 500 424.0 241.5 1.0 424.3 212.0 1.0 29.5 NO $3

C14 Copper, annealed soft-drawn 500 424,1 212.2 1.0 434.1 2(2.2 1.0 10.0 NO $3

f Cl 5 Capper, annealed soft-drawn 500 434.0 212.5 1.0 434.1 (96.7 1.0 15.8 NO $3
‘

. Cl6 Capper, annealed soft-drawn 500 434.3 196.5 1,0 467.3 196.5 1.0 33.0 NO $3

C18 Capper. annealed soft-drasvn 500 307.0 197.5 (.0 307.0 219.5 1.0 22.0 NO $3

C30 Copper, annealed soft-drawn 4/0 384.5 251.7 1.0 41 1.5 242.2 1,0 20.6 NO $3

C31 Capper. aanealcd soft-drawn 4i0 384.1 227.9 1.0 383.8 263.2 1.0 35.3 NO $3

C32 Capper. annealed soft-drawn 4/n 302.2 228.2 (.0 384.5 220.2 1.0 82.3 NO $3

C33 Copper. annealed soft-drawn 4/0 302.0 273.2 1.0 302.2 227.9 1.0 45.3 NO $3

C34 Copper. annealed soft-dranva 4/0 301.6 273.5 1.0 384.9 262.7 1.0 84.0 NO $3

C35 Capper. annealed soft-drawn 4/0 302,7 258.3 1.0 384.9 258.0 1.0 82.2 NO $3

C36 Copper, annealed saft-drawn 4/0 302.2 247.5 1.0 384.7 247.5 1.0 02,5 NO $3

C37 Copper. annealed soft-drawn 4/0 302.3 236.7 (.0 384.7 236.5 (.0 82.4 NO 83

C38 Copper, annealed soft-drawn 4/0 317.2 264.7 1.0 3(7.0 197.5 1.0 67.2 NO S3

C39 Capper. annealed soft-drawn 4/0 346.5 266.7 1.0 346.5 227.9 1.0 38.8 NO $3

C40 Capper. annealed saft-drawn 4/0 369.5 247.5 1.0 369.5 236.5 1.0 11.0 NO $3

C4l Copper. annealed soft-drasvn 4/0 31 3.2 247.5 (.0 313.2 236.5 1.0 I 1.0 NO S3

C42 Copper, annealed soft-drawn 4/0 326.8 270.3 1.0 333.5 291.0 1.0 21.0 NO $3

C43 Copper, annealed soft-drasvn 4/0 367.1 265.0 1.0 374,1 283,7 (.0 20.0 NO $3

Rod Data:

Diameter l’rOtn ——
‘ Length Insulated Cost

Label Type teh x V Z X V Z Yen/No S/ft
RO Copper. annealed soft-drawn 0.75 260.5 59.0 0.5 260.5 59.0 10.5 10.0 NO $100

RI Capper, annealed soft-drawn 0.75 279.5 59.0 0.5 279.5 59.0 10,5 (0.0 NO $100

R2 Capper, annealed saft-drasvn 0.75 296.5 59.5 0.5 296.5 59.5 10.5 10.0 NO $100

R3 Capper, annealed soft-drasvn 0.75 269.5 41.5 0.5 269.5 41.5 I 0.5 10.0 NO $100

R4 Capper, annealed soft-drawn 0.75 291.0 41.0 0,5 291.0 41.0 10.5 10,0 NO $100

R5 Capper. annealed saft-drasvn 0.75 260.0 75.0 0.5 260.0 75,0 10.5 10,0 NO $100
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Project: Ground Grid Assessment ETAP PowerStation
Page: 4

Location: Clerque TS

Contract: PTD Project 03014-02

Engineer: Bingeman Study Case: GRD2

Distant Future 115 kV Consideration

Rod Data:

Date: 04-08-2004

SN: PROCQMMTSI

Filename: GLP-Clergue

4.7.4C

Diameter
inch

,___.i___ . Length Insulated Cost
X V Z X V Z 16 Yes/No S/ftLabel Type

R6 Copper, annealed snft-drawn 0.75 279.0 75.5 0.5 279.0 75.5 tO.5 10,0 NO $l00

R7 Copper, annealed soft-drawn 0.75 296.0 75.0 0.5 296.0 75.0 10.5 0.0 NO $tOO

R8 Capper, annealed soft-drawn 0.75 260.0 91.0 0.5 260.0 91.0 0.5 tO.0 NO $100

R9 Copper,annealed soft-drasvs 0.75 278.5 91.5 0.5 278.5 91.5 10.5 10.0 NO $100

RtO Capper, annealed soft-drawn 0.75 297.5 9l.5 0.5 297.5 91.5 10.5 10,0 NO $l00

Rt I Copper, annested soft-drawn 0.75 320,5 59.0 0.5 320.5 59.0 10.5 10.0 NO $100

R12 Copper, annealed soft-drawn 0.75 333.5 59.0 0.5 333.5 59.0 tO,5 tO.0 NO $100

Rt3 Copper, annealed soft-drawn 0.75 343.5 58.5 0.5 343.5 58.5 10.5 10.0 NO $tOO

Rt4 Capper, annealed soft-drasvn 0.75 356.0 59.0 0.5 356.0 59.0 10.5 10.0 NO $100

Rl5 Copper, annealed soft-drawn 0.75 320.0 74,0 0.5 320,0 74.0 10.5 10.0 NO $100

Rl6 Copper, annealed soft-drasvn 0.75 333.5 73.5 0.5 333.5 73.5 10.5 10.0 NO $100

R17 Copper. annealed saft-drasvn 0.75 345.0 73.5 0,5 345.0 73.5 10.5 10.0 NO $100

RIO Copper, annealed saft-drssvn 0.75 357.5 74.0 0.5 357.5 74.0 10.5 10.0 NO $100

1019 Copper, annealed soft-drasvn 0.75 319.5 91.0 0.5 319.5 91,0 10.5 10.0 NO $100

R20 Copper, annealed saft-drasvn 0.75 340.0 90.5 0.5 340.0 90.5 10.5 10.0 NO $100

R21 Copper, annealed soft-drawn 0.75 357.5 90.5 0.5 357.5 90.5 10.5 10.0 NO $100

R22 Copper, annealed noft-drasvn 0.75 368.0 76.5 0.5 368.0 76.5 10.5 10.0 NO $100

R23 Copper, annealed saft.drasvn 0.75 351.3 45.5 0.5 351.3 45.5 10.5 10.0 NO $100

R24 Copper, annealed soft-drasvn 0.75 428,5 74.0 0.5 428.5 74.0 10.5 10.0 NO $100

R36 Copper, annealed saft-drawn 0.75 246.5 47.5 0.5 246.5 47.5 10.5 10.0 NO $100

R37 Copper, annealed soft-drawn 0.75 239.5 200.0 0.5 239.5 200.0 10.5 10.0 NO $100

R47 Capper, annealed soft-drawn 0.75 324.3 40.8 0.5 324.3 40.8 10.5 10.0 NO $100

R48 Copper. annealed soft-drasvn 0.75 343.2 40.6 0.5 343.2 40.6 10.5 10.0 NO $100

1626 Capper, annealed soft-drass’n 0.75 185.5 37.5 0.5 185.5 37.5 10,5 10.0 NO $100

R27 Capper, annealed soft-drasvn 0.75 197.5 38.0 0.5 197.5 38.0 10.5 10.0 NO $100

R20 Capper, annealed snft-drosvn 0.75 185.0 74.0 0.5 185.0 74.0 10,5 10.0 NO $100

1629 Copper, annealed soft-drawn 0.75 198.0 77.5 0.5 198.0 77.5 10.5 10.0 NO $100

1630 Copper, annealed soft-drawn 0.75 256.5 118.0 0.5 256.5 118.0 10.5 10.0 NO $100

R3l Copper, annealed soft-drawn 0.75 284.0 133.0 0.5 284.0 133.0 10.5 10.0 NO $lOO

1632 Copper, annealed saft-drasvn 0.75 343.0 l33.0 0.5 343.0 133.0 10.5 10.0 NO $100

1633 Copper. annealed soft-drass’n 0.75 283.0 117.0 0.5 283.0 I 17.0 10.5 10.0 NO $100

1634 Copper, annealed saft-drasvn 0.75 343.5 115.0 0.5 343,5 I l5.0 10.5 lO.0 NO $100

1635 Capper, ansealed saft-drasvn 0.75 368.0 124.0 0.5 368.0 124.0 10.5 10.0 NO $100

R25 Copper, annealed soft-drawn 0.75 439.0 130,0 0,5 439.0 130.0 10.5 10.0 NO $100

1639 Copper. annealed soft-drasvn 0.75 317.5 168.0 0.5 317.5 168,0 10.5 10.0 NO $100

R40 Copper. annealed soft-drasvn 0.75 343.5 168.0 0.5 343.5 168.0 10.5 10.0 NO $100

1643 Copper, annealed ssft-drasvn 0.75 385.5 l70.0 0.5 385.5 170.0 10.5 10.0 NO $100

1645 Copper, annealed saft-drasrn 0.75 420.5 169.5 0,5 420.5 169.5 10.5 10.0 NO $100

1646 Capper, annealed soft-drasvn 0.75 438.5 166.5 0.5 438.5 166.5 10.5 10.0 NO $100

R38 Capper. annealed saft’drasvn 0.75 317.0 196.5 0.5 317.0 196.5 10.5 10.0 NO $100

‘ 1641 Copper, annealed saft-drasvn 0.75 343,5 196.0 0.5 343.5 196.0 10.5 10.0 NO $100

1642 Capper, annealed soft-drasvn 0.75 387.5 195.0 0.5 387.5 195.0 10.5 10.0 NO 5100
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Project: Ground Grid Assessment ETAP PowerStation
Pagc s

Location: Clerque TS 47.4C
Date: 04-08-2004

Contract: PTD Project 03014-02 SN: PROCOMMTSI

Engineer: Bingeman Study Case: GRD2 Filename: GLP-Clergue

Distant Future 115 kV Consideration

Rod Data:

Diameter Irons To Lenoth Insulated Cost
Label Type inch X V Z X V Z ft YeoINo Sift

R44 Copper, annealed soft-drasvn 0.75 421.5 96.0 0.5 421.5 96.0 0.5 10.0 NO $100

Cost:

Conductor Rod

Total Total Length Total Total Length Total
No. ft Cost No. ft Cost Cost

48 3,181.5 $10,499 49 490.0 $49,000 $59,499
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Project: Ground Grid Assessment LTAP Pow erStation
Pagc: 6

Location: Clerque TS 4.7.4C
Date: 04-08-2004

Contract: PTD Project 03014-02 SN: PROCOMMTSI

Engineer: Btngcman Stttdy Case: GRD2 Filename: GLP-Clerguc

Distant Fnturc 115 kV Consideration

Ground Grid Summary Report

ftg GPR Maximum Touch Potential Maximum Step Potential
Ground Ground

“‘“,‘ ‘‘‘

• ••. Coordmates (ft) . Coordinates (ft)Resistatsre l’otetsttal Rtse I olerable Calculated Calculated — ___-______-_ 1 olerable Calculated Calculated
Qhtst Volts Volts Volts % X V Volts Volts X V

1.47 5,093.9 859,6 1,095.9 220.5 198.1 274.6 2,772.3 1,176.7 42.4 62.00 313.22

Total Fault Current 15.438 hA Reflection Factor (K): -0.799

Maximum Gnd Current: 3.460 kA Surface Layer Derating Factor (Cs): 0.854

Decrement Factor (Dfl: 1.019

Warnings:

The maximum Tottch Voltage exceeda the tolerable limita
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ETAP ?tuerStatGe
?tGeCt:

Lscatss: 4.7.4C Date: Feb-20—2004
Costract:

SN: PROCOMMTSI
Englneer:

RevLson: Base
Filesarse: GLP-Clergue Study Case: GRDD

Y
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312 Mary St. E. (t) 807.622.2233

Pwrlech Designs
Thunder Bay, ON. (f) 807.622.7164
P7E 4J9 (c) 807.627.2321

(e) pwrtech@tbaytel.net

6.3 Echo River TS

6.3.1 Soil Resistivity Measurement Locations

ROAD

MAIN
GATE Mix

I I

— —
— —

— — uJ -REMOTE EARTH F- XM2MEASUREMENT
0-

x
XM4 M5

XM3

June 14, 2004 Project No.: 03-014-02 Report Page 31
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PwrTech Designs
312 Mary St. E.
Thunder Bay, ON.
P7E 4J9

(e) pwrtechtbayteI.net

(t) 807.622.2233
(f) 807.622.7164

(C) 807.627.2321

6.3.2 Resistivity Measurement

Soil resistivity has been calculated based on the following:

P=2,raR

a = Rod Spacing

R = Resistivity Measurement

Measurement Resistance Calculated SoilProbe Spacing Measu red ResistivityLocation
Ml 2.0 M 12.3 2 154 2M
M2 2.0 M 2.6 Q 33 2M
M3 2.OM 1.8c2 23c2•M
M4 2.0 M 36.2 2 455 2M
M5 0.305M 1062 202 2M

Modeling Values Used:

1. Surface

2. Upper Surface

3. Lower Surface

Stone 200 ‘M

Moist Soil 175 2M

Moist Soil 175 2M

6.3.3 Ground Resistance Measurements

Measurement Location:

The test ground electrode used is indicated on the measurement location sketch

6.3.1. Current probe Cl was located in a westerly direction, 800 ft. from test

electrode. Potential probe P1 measurements were made at 100 ft. intervals between

test electrode and current probe Cl.

Measurements obtained:

Position No. Distance Resistance
1 lOOft. 0.876c
2 200ft. 0.9472
3 300 ft. 1.015 2
4 400ft. 1.0202
5 500ft. 1.0992
6 600ft. 1.233c
7 700ft. 1.320Q

June 14, 2004 Project No.: 03-014-02 Report Page 32
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312 Mary St. E. (t) 807.622.2233
Thunder Bay, ON. (f) 807.622.7164r’wr u ech Uesigns P7E4J9

(e) pwrtech@tbaytel.net

The Slope Method was used to calculate soil resistivity. Refer to Appendix 9.1 for
supporting methodology.

Distance calculation for value R

R1 —02 x 800— 160’

R2 —04x800’—320’

R3 =0.6x800’=480’

Remote Distance Curve Calculation:

R3—R2 1.099_1.015 124
R2—R1 1.015—0.947

From Table VII in Appendix 9.2:

p of 1.24 = Pt/C of 0.483

Distance of potential probe to represent remote earth soil resistivity

0.483 x 800’ = 386’to Probe P1

Measured Value = 1.02 2

6.3.4 Stone Coverage Area

On a percentage basis, approximately 100% of the area inside the fenced enclosure

does have a stone cover. Stone depth was measured at 0.152 M. The stone cover

and gravel subsoil contained moisture and was damp.

June 14, 2004 Project No.: 03-014-02 Report Page 33
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312 Mary St. E. (t) 807.622.2233
Thunder Bay, ON. (f) 807.622.7164rwr ech esigns P7E4J9 (c)807.627.2321

(e) pwrtechtbayteI.net

6.3.5 Allowable Safe Step and Touch Potentials

Based on Surface Layer De-rating Factor (Cs)

0.09 (1
— —)

Cs=1-
2h + 0.09

=i_1’O.Oll
0.394

=1—0.028

=0.97

P=175Q.M

= 200 c2.M

h =0.152M

Safe Step Potential

EStep(5O) — [1000 + 6CP] * 0.116

=[l000+6*o.97*200]* 0.116

Jo
= 2164 * 0.164

= 355 Volts

EStep(7O) =[1ooo+6cP]*

=[l000 + 6*0.97*200j* 0.157

= 2164 * 0.222

= 480 Volts

June 14, 2004 Project No.: 03-01402 Report Page 34
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PwrTech Designs
312 Mary St. E.
Thunder Bay, ON.
P7E 4J9

(e) pwrtechtbayteI.net

(t) 807.622.2233
(f) 807.622.7164

(C) 807.627.2321

Safe Touch Potential

0.116
ETOUCh(5o) =[1000+1.5CsPsl*

0.116=[l000+1.5*o.97*200]*

=1291*0.164

= 212 Volts

0.157
= [1000 + 1 .5CPj *

_____

* 0.157=[l000+1.5*o.97*200]

= 1291 * 0.222

= 287 Volts

6.3.6 Total Resistance to Remote Earth

R =P+ 1 1
g j

[T

= 175 *

= 175 * [0.00044 + 0.0024 * .985]

= 175 * 0.0052

= 0.91 c2

1

June 14, 2004 Project No.: 03-014-02 Report Page 35
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312 Mary St. E. (t) 807.622.2233

p Thunder Bay, ON. (f) 807.622.7164wr ech esigns P7E4J9 (c)807.627.2321
(e) pwrtechtbayteI.net

LT = Buried conductors and rods

= 2292 M

A = Ground grid area

=8370M2

h = Depth of grid

=0.305M

P Resistivity

=175 c2.M

6.3.7 Current Grid Split Factor Determination

To calculate Sf based on IEEE Std. 80-2000 Annex C.

Based on 1 Transmission I 2 Distribution Lines

RgMeasured =1.02

RgCalculated tz0.91 Q

Rg Modeled 0.88 Q (selected for calculation)

Method A

Table C.1 iT I 2D Rtg = 15 2 Rdg = 25 Q R + JX = 0.54 + ]0.33

Zg
(0.54 + 10.33) = 0.633

= 0.43 Q
(0.88 + 0.54 + jO.33) 1.458

Method B

iT 12D 100% Remote Contribution Rg =0.88 2

Rtg = 15 2 Rdg = 25 c Figure C.1

S, =43%

Comparing methods A and B, assign Sf for 230 kV system of 43%.
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312 Mary St. E. (t) 807.622.2233

p Thunder Bay, ON. (f) 807.622.7164
wr ech esigns P7E4J9 (c)807.627.2321

(e) pwrtechctbayteI.net

6.3.8 Symmetrical Grid Current (Ig)

19 = S. *

‘F

=0.43*6.22kA

=2.67kA

Sf =43%

‘F =L—G value from G.L.P.

=6.22kA

6.3.9 Maximum Grid Current (IG)

I fl *1
‘G’f ‘g

=1.01*2.67kA

=2.7OkA

Df =1.01

=2.67kA

6.3.10 Calculated Ground Potential Rise (GPR)

GPRHand = Rg *

‘G
* 10

=0.91*2.70*103

= 2457 Volts

GPRMeasud = Rg *
IG * 1 o

=1.02*2.70*103

= 2754 Volts

6.3.11 Comparison of Modeled Values and Results

Modeled Step and Touch voltage values have not been compared to manual

calculated values.

Manual calculated values could not be completed as per the methodologies of IEEE

80-2000 Section 16.5.1 and 16.5.2 due to the irregularity and complexity of the

June 14, 2004 Project No.: 03-014-02 Report Page 37
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312 Mary St. E. (t) 807.622.2233

p Thunder Bay, ON. (f) 807,622.7164wr ech esigns P7E4J9 (c)807.627.2321
(e) pwrtech@tbaytel.net

existing grounding grid layout. Refer to Sections 16.7 and 16.8 of the referenced
standard.

Section 6.3.15 contains the detailed computer model output summary report. The
Ground Grid Summary Report, usually the final page of the output documents,

summarizes the calculated Maximum Touch and Step Potential values based on the
grid layout. Calculated values are compared to the Safe Touch and Step potentials.

6.3.12 Fence Grounding and Condition Comments

The boundary fence is tied to the substation ground grid. Measured resistance

between fence and ground grid is 0.435 2.

A visual inspection of the fence and gate grounding was completed. The condition of
each thermoweld was inspected and the continuity of each jumper was confirmed.

There were no apparent bonding issues associated with the fence or gates.

6.3.13 Above Grade Equipment Ground Audit

An audit of all bonding and grounding associated with electrical distribution

equipment, supporting towers and structures, fences and gates was completed. All

bare ground wire connections were assessed including both thermoweld and

mechanical configurations. Bare ground wire sizes were measured and compared to

the engineering drawing provided by Great Lakes Power. For reference, this drawing

is SG-30760 rev. 5

This is a relatively new ground grid. We found no issues with the above ground audit.

6.3.14 Comments

1. SoiT conditions surrounding this substation were very moist almost bordering on

swampy conditions. This is reflected in the soil resistivity measurements.

2. Considering existing fault values, the Safe Touch Potential exceeds tolerable
limits (151%).

3. Considering future distant fault values, the Safe Touch Potential exceeds

tolerable limits (239%).
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312 Mary St. E. (t) 807.622.2233

p Thunder Bay, ON. (f) 807.622.7164wr ech esigns P7E4J9 (c)807.627.2321
(e) pwrtechtbayteI.net

6.3.15 Computer Model Output Results

System Data:

Body Weight 70 kg

Fault Current (IF) 6.22 kA

XIR ratio 5.68

Division Factor (SF) 43%

Projection Factor (Ce) 100%

Fault Duration (7, 7, T) 0.5 sec.

Plot Step 3ft.

Summary Report:

Ground Resistance (Rg) 0.88 C

Ground Potential Rise (GPR) 2386 V

Tolerable Touch Potential 287 V

Calculated Touch Potential 685 V

Tolerable Step Potential 481 V

Calculated Step Potential 319 V

Touch Voltage Exceeds Tolerable Limits

June 14, 2004 Project No.: 03-014-02 Report Page 39
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Project: ETAP PowerStation
i5age:

Location: 4.7.4C
Date: 01-26-2004

Contract: SN: PROCOMMTSI

Engineer: Study Case: GRD2 Filename: GLP-EchoRiver

Distant Future 230 kV Consideration

Electrical Transient Analyzer Proerans

ETA P PowerStation

Ground GriemL...

Finite Element Method

Number of Ground Conductors: 51

Number of Ground Rods: 88

Total Length of Ground Conductors: 6641.00 ft

Total Length of Ground Rods: 880.00 Ii

Frequency: 60.0

Unit System: English

Project Filename: GLP-EchoRiver

Output Filename: C:\Documents and Settings\Barry Bingeman\My Documents\Greut Lakes Power\Models
03-01 4-02\GLP-ECHO RIVER\Grid l_Utstitled.GRI
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Project ETAP PowerStation
Page 2

Location: 4.7,4C
Date: 01-26-2004

Contract: SN: PROCOMMTSI

Engineer: Study Case: GRD2 Filename: GLP-EchoRivcr

Distant Future 230 kV Consideration

Ground Grid Input Data

System Data:

Short-Circtnt Current Fault Duration (Seconds)

Total Sf Cp Tf Tc Ts Extended
Ambient Fault Division Projection for for Sizing for Plot Boundary

Freq. Weight Temp. Current Factor Factor Total Faslt Ground Available Step Length
Hz kg °C kA X/R % % Duration Conductors Body Current ft ft

60.0 70 40.00 6.220 5.60 43.0 00.0 0.50 0.50 0.50 3.0 0.0

Soil Data:

Surface Material Upper Layer Soil Lower Layer Soil

Resistivity Depth Resistivity Depth Resistivity
Material Type .m ft Material Type rn ft MatcrialTypc

Gravel 200.0 0.50 Moist sail 175.0 .00 Moist sail 175.0

Material Constants:
Resistivity of Thermal

Factor Fusing Ground Conductor Capacity
Conductivity @ 20°C KO @ Temperature @20°C Per Unit Voltinse

Conductor/Rod Type 1/°C 0°C °C cm J,’(cm°.°C)

Coodscsor Copper, annealed soft-dross’s 100.0 0.00393 231.0 1083.0 1.72 3.42

Rod Zasc.roated steel rod 8.6 0.00320 293.0 419.0 20.10 3.93

Conductor Data:

Size Length Insulated Cost
Label Type AWO/kemil x Y Z X Y Z Yes/No S/ft

Copper, annealed soft-drawn 4/0 199.4 204.7 1.0 541.0 204,7 1.0 341.6 NO $3

Copper, annealed sofs-drasvn 4/0 541.0 204.7 1.0 541.0 471.8 1.0 267.1 NO $3

Copper, anocaled taft-drawn 4/0 199.4 471.0 1,0 541.0 471.8 1.0 341,6 NO $3

Capper, annealed saft-drasvn 4/0 199.4 204.7 1.0 199.4 471.8 .0 267.1 NO $3

CO Copper, annealed soft-drass’s 4,0 206.0 209.0 .0 542.0 210.2 1.0 336.0 NO S3

Cl Copper, annealed soft-drass’n 4/0 535.0 209.0 1.0 535.0 464.0 1.0 255.0 NO S3

C2 Copper, annealed soft-drawn hO 198.0 464,4 1.0 541.0 464.4 1.0 343.0 NO $3

C3 Copper, annealed soft.drawn 4/0 205.0 209.0 1.0 205.0 464.0 1.0 255.0 NO $3

C4 Copper, annealed soft-drasvn 4/0 237.5 204,7 1.0 237.5 471.9 1.0 267.2 NO $3

C5 Copper, unsealed soft-drasvo 4/0 270.5 204.7 1.0 2711.5 472.4 1.0 267.7 NO $3

C6 Copper. unsealed soft-drawn 4/0 303.0 204.7 1.0 303.0 472.9 1,0 269,2 NO $3

C7 Copper. annealed soft-drawn 4/0 337.5 204.2 1.0 338.0 471.9 1.0 267.7 NO S3

CO Copper, annealed saft-drasrn 4/0 369.5 204.7 1.0 370.5 472.4 1.0 267.7 NO $3
C9 Copper. annealed snft-drasvs 4.10 403.0 205.2 1.0 403.0 472.9 1.0 267.7 NO $3

ClO Copper, annealed soft-drass’n 4/0 436.0 205.2 1.0 436.5 304.7 1.0 99.5 NO $3

CII Copper, annealed soft-drawn 4/0 468.5 204.7 1.0 469.5 305.2 1.0 100.5 NO $3

Cl2 Copper, annealed saft-drasvn 4/0 502,0 205.2 1.0 502.5 304.7 1.0 99.5 NO $3
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Distant Future 230 kV Consideration

Conductor Data:

Page: 3

Date: 01-26-2004

SN: PROCOrv$MTSI

Filename: GLP-EchoRiver

Project:

Location:

Contract:

Engineer:

ETAP PowerStation

4.7.4C

Study Case: GRD2

Size From To Lenotli Insulated Cost
AWGIkcmil X V z x y z ft Yes/No S/ft

4/0 98.0 240.9 1.0 535.0 240.9 .0 337.0 NO $3

Label Type

C 13 Copper, annealed soft’drasvn

C14 Copper, annealed soft’drasvn

Cl5 Copper, annealed soft-drawn

Ct6 Copper, annealed soft-drawn

C17 Copper, annealed soft-drasvn

C18 Copper, annealed soft-drawn

Ct9 Copper, annealed soft-drawn

C20 Copper, annealed snft.drass’n

C21 Copper, annealed soft-drawn

Copper, annealed soft-drasvn

Copper, annealed soft-drasvn

Copper, annealed soft-drawn

Copper, annealed soft’drasvn

Copper, annealed soft-drawn

Copper, annealed soft-drasvn

Copper, annealed soft-drasvn

Copper, annealed soft’drasvn

Cnpper. annealed soft-dross’s

Copper, annealed soft-drasvn

Copper, annealed soft’drasvn

Copper, annealed soft-drasvn

Copper, annealed soft-drawn

Copper, annealed snft’drasvn

Copper, annealed soft-drawn

Copper, annealed soft-drasvn

Copper, annealed soft-drasvn

Cnpper, annealed snft-drawn

Capper. annealed snft-drasvn

Capper, annealed soft-drasvn

C23 Copper, annealed soft-drasvn

C24 Copper, annealed soft’drass’n

C25 Copper. annealed soft-drasvn

C26 Copper, annealed soft-drass’n

C27 Copper, annealed soft-drawn

Rod Data:

Label Type

RO Zinc-coated steel rod

RI Zinc-coated steel rod

R2 Zinc-coated steel rod

4/0 199.0 273.4 1.0 535.0 272.8 1.0 336.0 NO $3

4/0 198.5 304.4 1.0 541.8 303.9 1.0 342.5 NO $3

4’O 197.0 337,4 1.0 403.5 337.2 1.0 206.5 NO 53

4/0 199.0 367.9 1.0 339.0 366,7 1.0 140.0 NO $3

4,0 198.5 401.4 1.0 405.0 400.7 1.0 206.5 NO $3

4/0 197.5 432.9 1.0 403.5 432.2 1.0 206.0 NO $3

4/0 337,0 377.2 1.0 371.8 377.2 1.0 34.0 NO $3

4/0 371.5 368.7 1.0 404.0 368.7 1.0 32.5 NO $3

4/0 440.0 265.2 1.0 479.5 265.2 1.0 39,5 NO $3

4/0 479.5 265.2 1.0 479.5 284.7 1.0 19.5 NO $3

4/0 440.0 284,7 1.0 479.5 284.7 1.0 39.5 NO $3

4/0 440.0 265.2 1.0 440.0 284.7 1.0 19.5 NO $3

4/0 445.0 268.7 1.0 475.0 268.7 1.0 30.0 NO $3

4/0 475.0 268.7 1.0 475.0 279.7 1.0 11.0 NO $3

4/0 445.0 279,7 1.0 475.0 279,7 1.0 30.0 NO $3

4/0 445.0 268.7 1.0 445.0 279.7 1.0 I 1.0 NO $3

4/0 348.5 389.2 1.0 366.5 389.2 i.0 18.0 NO $3

4/0 366.5 389.2 1.0 366.5 420.2 1.0 31.0 NO $3

4/0 340.5 420.2 1.0 366.5 420.2 1.0 18.0 NO 53

4/0 348.5 389.2 1.0 348.5 420.2 1.0 31.0 NO $3

4/0 351.5 393.2 1.0 362.5 393.2 1.0 11.0 NO $3

4/0 362.5 393.2 1.0 362.5 415.7 1.0 22.5 NO $3

4.0 351.5 415.7 1.0 362.5 415.7 1.0 11.0 NO $3

4/0 351.5 393.2 1.0 351.5 415.7 .0 22.5 NO $3

4/0 290.0 400.7 1.0 3113.5 400.7 1.0 I 2.5 NO $3

4/0 310.5 400.7 1.0 310.5 421.2 1.0 20.5 NO $3

4/0 298.0 421.2 1.0 310.5 421.2 1.0 12.5 NO $3

4/0 298.0 400.7 1.0 298.0 421.2 1.0 20.5 NO $3

4/0 534,5 255.4 1.0 541.0 255.4 1.0 6.5 NO $3

4/0 536.0 283.9 1.0 542.0 283.9 1.0 6.0 NO $3

4/0 534.0 430.9 1.0 542.0 431.4 1.0 8.0 NO $3

4/0 536.5 367.9 1.0 542.0 368.4 1.0 5.5 NO 53

4/0 327.0 367.3 1.0 327.0 336.8 1.0 30.5 NO $3

From ToDiameter
,,,_,___,_, Lengttr Insulated

neh V Z X V Z ft Yes/No

0.75 536.0 210.7 1.0 536.0 210.7 11.0 10.0 NO

0.75 535.5 230,7 1.0 535.5 230.7 11.0 10.0 NO

0.75 502,0 210.2 1.0 502.0 210.2 11.0 10.0 NO

Cost
S/ft

8100

$100

$100
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Page: 4

Date: 01-26-2004

SN: PROCOMMTSI

Filename: GLP-EchoRivcr

Distant Future 230 kV Consideration

Rod Data:

Label

R3

R4

R5

R6

R7

RO

R9

a to

at

Rt2

Rt3

R14

Rt5

Rio

R17

RIO

Rl9

R20

R2

R22

R23

R24

R25

R26

R27

R28

R29

R30

R3t

R32

R33

R34

R35

R36

R37

R38

R39

R40

R4 I

R42

R43

R44

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel nod

Zinc-coated steel rod

Zittc-cooted steel rod

Ztttc-cootcd steel rod

Zioc-coated steel rod

Zinc-coated steel rod

Ztttc-coatcd steel rod

Zitte-coated steel rod

Zinc-coated steel rod

Zinc-coated steel nod

Zinc-coated steel rod

Zinc-coated steel rod

Ztoc-coatcd steel rod

Zinc-coated steel rod

Zitte-coated steel rod

Zinc-coated steel rod

Zittc-coated steel rod

Zittc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zitte-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zioc-coatcd steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zittc-coatcd steel rod

Zinc-coated steel rod

Zinc-coated steel rod

0.75 469.0 209.7

0.75 435.5 209.2

0.75 403.5 209.2

0.75 317.0 209.7

0.75 281.0 209.2

0.75 245.0 209.2

0.75 206.8 209.2

0.75 353.3 209.7

0.75 503.0 241.2

0.75 469.5 241.7

0.75 436.0 241.2

0.75 404.0 241.2

0.75 370.0 241 2

0,75 337.5 241.2

15.75 270.5 241.7

0.75 239.0 241.2

0.75 271.5 273.2

0.75 337.5 272.7

0.75 370.0 273.7

0.75 403.0 272.7

0.75 445.5 262.7

0.75 445.0 206.7

0.75 481.5 262.2

0.75 482.0 206.7

0.75 501.5 273.7

0.75 535.0 293.7

0.75 535.0 260.7

0,75 502.0 304.7

0.75 469.5 304.7

0.75 437.0 303.7

0.75 403.0 304.2

0.75 370.5 304.7

0.75 337.5 304.2

0.75 304.5 304.7

0.75 271.0 304.2

0.75 237.5 304.2

0.75 238.5 335.2

0.75 271.5 336.2

0.75 304.5 335,7

0.75 337.5 336.7

0.75 375,5 337.2

0.75 402.5 336.2

To

x y z

1.0 469.0 209.7 11.0

.0 433.5 209.2 11,0

(.0 403,5 209.2 11.0

I .0 317.0 209.7 11.0

.0 281.0 209.2 11.0

.0 245.0 209.2 11.0

(.0 206.0 209.2 11.0

1.0 353.5 209.7 11.0

1.0 503.0 241.2 11.0

1.0 469.5 241.7 11.0

1.0 436.0 241.2 11,0

I 0 404.0 241.2 11.0

10 370.0 241,2 11.0

1.0 337.5 241.2 11.0

1.0 270.5 241.7 11.0

1.0 239,0 241.2 11.0

1.0 271.5 273.2 11.0

1.0 337.5 272.7 11.0

1.0 370.0 273.7 11.0

1.0 403.0 272.7 11.0

1.0 445.5 262.7 11.11

1.0 445.0 286.7 11.0

1.0 401.5 262.2 11.0

1.0 482.0 286.7 11.0

1.0 501.5 273.7 11.0

1.0 535.0 293.7 11.0

1.0 535.0 260,7 11.0

1.0 502.0 304.7 11.0

1.0 469.5 304.7 11.0

1.0 437.0 303.7 11.0

1.0 403.0 304.2 11.0

1.0 370.5 304,7 11.0

1.0 337.5 304.2 11.0

1.0 304.5 304,7 11.0

1.15 271.0 304.2 11.0

1,0 237.5 304.2 11.0

1,0 230.5 335.2 11.0

(.0 271.5 336.2 11.0

1.0 304.5 335.7 11.0

(.0 337.5 336.7 11.0

(.0 375.5 337.2 11.0

1.0 402.5 336.2 11.0

Length Insulated Cost
ft Yes/No S/It

10.0 NO $100

10.0 NO $100

0.0 NO 5100

0.0 NO 0(00

0.0 NO $100

10.0 NO $108

10.0 NO $100

0.0 NO $100

10.0 NO $100

10.0 NO $100

0.0 NO $100

0.0 NO $100

0.0 NO SlOO

0.0 NO $100

0.0 NO $100

(0.0 NO $100

(0.0 NO $100

(0.0 NO $100

0.0 NO $100

10.0 NO 9(00

0.0 NO 01(50

10.0 NO 5(00

0.0 NO 8(00

(0.0 NO $100

0.0 NO $100

0.0 NO $100

0.0 NO $100

10.0 NO 8(00

0.0 NO 8(00

(0.0 NO 8100

10.0 NO StOO

10.0 NO $100

10.0 NO $100

10.0 NO $100

(0.0 NO 8100

10.0 NO 8(00

10.0 NO 8(00

10.0 NO $100

10.0 NO $100

10.0 NO $100

10.0 NO StOO

(0.0 NO $100

Project:

Location:

Contract:

Engitteer:

ETAP PowerStation

4.7.4C

Study Case: GRD2

Type

Zinc-coated steel rod

Diameter
inch

From

x V Z
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Distant Future 230 kV Consideration

Rod Data:

Page: 5

Date: 01-26-2004

SN: PROCOMMTSI

Filename: GLP-EchoRiver

Label Type

045 Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zitte-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zitte-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zittc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-canted steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Zinc-coated steel rod

Ziitc-eoated steel rod

Zinc-coated steel rod

Ziite-coated steel rod

Zinc-coated steel rod

From

x y z
0.75 403.0 369.2

0.75 369.0 369.2

0.75 337.5 373.2

0.75 348.5 390.7

0.75 370.5 387.2

0.75 403.0 400.7

0.75 403.0 431.7

0.75 370.5 417.2

0.75 348.5 409.2

0.75 403.5 464.7

075 370.0 463.2

0.75 437.5 464.7

0.75 470.5 464.7

0.75 505.5 464.7

0.75 535.5 448.2

0.75 535.5 415.2

0.75 535.5 369.7

0.75 535.5 335.2

0.75 540,5 204.2

0.75 541.0 237.7

0.75 541.0 278.2

0.75 540,5 314.2

0.75 540.5 353.7

5.75 540.0 394.2

0.75 541.0 427,7

0.75 540.0 469.2

0,75 520.5 469.7

0,75 489.5 470,7

0.75 456,5 470,2

11.75 420.0 470.2

0.75 349.5 470.2

0.75 201.0 468.7

0.75 206.0 460.7

0.75 200.0 205,7

0.75 229.0 204.7

0.75 263.5 204.7

0.75 304.0 204.2

0.75 344.0 204,2

0.75 387.0 204,7

0.75 421,0 204.7

0.75 458.5 204.2

0.75 508.0 205.2

To

x y z

1.0 369.0 369,2

.0 337.5 373.2

.0 348.5 390.7

.0 3755 387.2

1.0 403.0 400.7

.0 403.0 431.7

.0 370.5 417.2

1.0 348.5 409.2

.0 403.5 464,7

.0 370.0 463.2

.0 437.5 464.7

.0 470.5 464,7

1,0 505.5 464.7

1.0 535,5 448.2

1.0 535.5 415.2

1.0 535.5 369.7

.0 535.5 335.2

1,0 540.5 204.2

1.0 541.0 237.7

1.0 541.0 278.2

1.0 540.5 314,2

1.0 540.5 3537

1,1) 540.0 394.2

1.0 541.0 427.7

1.0 540.0 469.2

1.0 520.5 469.7

1,0 489.5 470.7

1.0 456.5 470.2

1.0 420.0 470.2

1.0 349.5 470.2

1.0 201.0 460,7

1,0 206.0 468.7

1.0 200.0 205.7

1.0 229,0 204,7

1.0 263.5 204.7

1.0 304.0 204.2

1.0 344.0 204,2

1.0 387.0 204.7

1,0 42 t .0 204.7

1.0 458.5 204.2

1.0 508.0 205,2

11.0 0.0 NO $105

11.0 5.0 NO $100

11.0 0.0 NO $100

11.0 10.0 NO SlOO

11.0 0.0 NO $100

11.0 10.0 NO $100

11.0 0.0 NO $100

11.0 0.0 NO $100

11.0 0.0 NO $100

11.0 15.0 NO $100

11.0 10.0 NO $100

11.0 0.0 NO $100

11.0 0.0 NO 8100

11.0 0.0 NO $100

11.0 15.0 NO $100

1.0 10.0 NO $100

11.0 0.0 NO $100

11.0 0.0 NO $100

11.0 10.0 NO $100

11.0 10.0 NO $100

11.0 0.5 NO $105

11.0 0.0 NO $100

11.0 0.0 NO $100

11.0 10.0 NO $100

11.0 10.0 NO $100

11.5 10.0 NO $100

11.0 0.5 NO $100

11.0 10.0 NO StOS

11.0 10.0 NO $100

1.0 0.0 NO $100

1.0 10.0 NO $100

11.0 10.0 NO $100

11,0 15.0 NO $100

11.0 10,0 NO $100

11.0 0.0 NO $100

11.0 0.0 NO $100

11.0 10.0 NO $100

11.0 0.0 NO SlOO

11.0 0.0 NO $100

11.0 10.0 NO $100

11.0 10.0 NO $100

Project:

Location:

Contract:

Ettgittccr:

ETAP PowerStation

4.7.4C

Stsidy Case: GRD2

Diameter
inch

Length Insulated
ft

, Yes/No

1.0 403.0 369,2 11,0 0.0 NO $100

Cost
S/ft

046

R47

R48

049

050

051

R52

053

054

055

056

057

058

( 059

060

ROt

062

R63

064

R65

066

R67

R68

069

R70

071

072

073

074

075

076

077

078

079

080

Rot

082

083

084

085

086

EB-2009-0408 
Exhibit 10 
Tab 1 
Schedule 2 
Appendix 66(i) 
63 of 165



Project: ETAP PowerStation
Page: 6

Location: 474C
Date: 01-26-2004

Contract: SN: PROCOMMTSI

Engineer: Stttdy Case: GRD2 Filename: GLP-EchoRivcr

Distant Future 230 kV Consideration

Rod Data:

Diameter Length Insulated Cost
Label Type i5ch x Y Z X Y Z Yes/No S/ft

1087 Zinc-coated steel rod 075 272.0 378.7 .0 272.0 378.7 11.0 0.0 NO $100

Cost:

Conductor Rod

Total Total Lengtls Total Total Length Total
No. ft Cost No. ft Cost Cost

51 6,640.7 $21,914 88 880.0 $88,000 $109,914
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Project: ETAP PowerStation Page: 7

Location: 4.7.4C
Date: 01-26-2004

Contract: SN: PROCOMMTSI

Engtneer: Stttdy Case: GRD2 Filename: GLP-EehoRiver

Distant Future 230 kV Consideration

Ground Grid Summary Report

Rg GPR Maximum Touch Potential Maximum Step Potential
Ground Ground

• . . Coordinates (ft) Coordinates (ft)Reststancc Potenttal Rtse Tolerable Calculated Calculated 1 olerable Calculated Calculated
Ohm Volts Volts Volts X V Volts Volta % X V

0.88 2386.4 286.7 684.7 238.8 484.t 403.9 480.9 3t8.7 66.3 54t.00 47t.41

Total Fault Cttrrcnt 6.220 kA Reflectiots Factor (K): -0.067

Maxiniutn Grid Current: 2.715 kA Sttrface Layer Derating Factor (Cs): 0.972

Decrement Factor (Di): I .015

Warnings:

The tnaxirttsm Tottclt Voltage exceeds the tolerable litttits
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ETAP PocerStatios
Project:

LooatOfl: 4.7.4C Date: Feb—20—2004
Costract:

SN: PROCOMMTSI
Eng:eeer:

Revisoon: Base
Folenase: GLP—ECAORver Sady Case: SPOt

Grd1 - Top Vew

Y
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PwrTech Designs
312 Mary St. E.
Thunder Bay, ON.
P7E 4J9

(e) pwrtechtbayteI.net

(t) 807.622.2233
(f) 807.622.7164

(c) 807.627.2321

6.4 Hollingsworth TS

6.4.1 Soil Resistivity Measurement Locations

JUMPERS MISSING.
ON TOP RAILS

JUMPERS MISSING________
AT CORNER POST
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6.4.2 Resistivity Measurement

Soil resistivity has been calculated based on the following:

P=22raR

a = Rod Spacing

R = Resistivity Measurement

Measurement . Resistance Calculated Soil
. Probe SpacingLocation Measured Resistivity

MI 0.91 M 267 c 1533 c2•M
M2 0.91 M 354 2 2033 c2•M
M3 0.91 M 1398 c 7993 2M
M4 0.305 M 256 2 4902 2M

Modeling Values Used:

1. Surface Stone 49O2M

2. Upper Surface Gravel 1500 2M

3. LowerSurface Bedrock 1500 c2•M

6.4.3 Ground Resistance Measurements

Measurement Location:

The test ground electrode used is indicated on the measurement location sketch

6.4.1. Current probe Cl was located in a northerly direction, 800 ft. from test

electrode. Potential probe P1 measurements were made at approximately 100 ft.

intervals between test electrode and current probe Cl.

Measurements obtained:

Position No. Distance Resistance
1 lOOft. 3.52
2 160ft. 4.1c
3 200ft. 4.62
4 320ft. 9.6Q
5 400ft. 11.02
6 480ft. 12.52
7 600ft. 14.0c2
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The Slope Method was used to calculate soil resistivity. Refer to Appendix 9.1 for

supporting methodology.

Distance calculation for value R

R1 —02x800’—160’

R2 —04x800’—320’

R3 =0.6x800’=480’

Remote Distance Curve Calculation:

R3—R2
= 12.5_9.6 0527

R2—R1 9.6—4.1

From Table VII in Appendix 9.2:

p of 0.527 Pt/C of 0.624

Distance of potential probe to represent remote earth soil resistivity

0.624 x 800’ 499’to Probe P1

Measured Value = 13.1

6.4.4 Stone Coverage Area

On a percentage basis, approximately 100% of the area inside the fenced enclosure

does have a stone cover. Stone depth was measured at 0.025 M. The stone cover

and sand/gravel subsoil contained moisture and was damp. This is reflected in the

ground resistance measurements. The surrounding area was mostly bedrock with

gravel cover.
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6.4.5 Allowable Safe Step and Touch Potentials

Based on Surface Layer De-rating Factor (Cs)

0.09 (1
— —)

Cs=1-
2h +0.09

=i_0.062
0.141

=1—0.4397

=0.56

P=1500.M

P =4902Q.M

h =0.0254M

Safe Step Potential

ESfep(5O) = [1000 + 6CP] * 0.116

=[1ooo+6*o.56*49o2}*0i6

=17470*0.164

= 2865 Volts

EStep(7O) = [1000 + 6CP } *

_____

=[l000+6*o.56*49o2]* 0.157

17470 * 0.222

= 3878 Volts
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Safe Touch Potential

0.116
ETOUCh(so) [1000+1.5C5P5]*

0.116=[l000+1.5*o.56*49o2]*

=5118*0.164

= 839 Volts

0.157
ETQUCh(70)=[1ooo+ c p1

L..J S Si

0.157=[l000+1.5*o.56*49o2]*

=5118*0.222

= 1136 Volts

6.4.6 Total Resistance to Remote Earth

R =P*_+
I,LLT

= 1500 *

= 1500 * [0.002 1 + 0.00958 * 1.995]

= 1500 *0.0212

=31.8c
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LT = Buried conductors and rods

= 482 M

A = Ground grid area

= 544 M

h = Depth of grid

=0.025M

P = Resistivity

=1500Q.M

6.4.7 Current Grid Split Factor Determination

To calculate Sf based on IEEE Std. 80-2000 Annex C.

Based on 1 Transmission /1 Distribution Lines

Rg Measured = 13.1 Q (selected for calculation)

RgCalculated = 31.8 Q

RgModeled =31.12

Hollingsworth Generation comprised 3% of Local fault current, we therefore have

considered contribution to be 100% Remote.

Method A

Table 0.1 IT/iD Rtg =100 Rdg =2002 R+JX =3.27+J0.652

Zg
= (3.27 + 10.652) =

= 0.203 c2
(13.1 + 3.27 + 10.652) 16.383

Method B

iT! 1D 100% Remote Contribution Rg =13.1Q

Rtg =IOOQ Rdg =200c FigureC.2

Sf =20%

Comparing methods A and B, assign S, for 12.0 kV system of 20%.
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6.48 Symmetrical Grid Current (Ig)

I Q *1
‘g ‘‘f ‘F

=0.20*2.622kA

=0.52kA

Sf = 20%

IF =L—G value from G.L.P.

=2.622kA

6.4.9 Maximum Grid Current (IG)

I n *1
‘G’-’f ‘g

=1.012*0.52kA

=O.53kA

Df =1.012

1 =0.52kA

6.4.10 Calculated Ground Potential Rise (GPR)

GPRHand = Rg * * 10

= 31.8 * 0.53 * iO

= 16854 Volts

GPRMeasurd = Rg * * 1 3

=13.1*0.53*103

= 6943 Volts

6.4.11 Comparison of Modeled Values and Results

Modeled Step and Touch voltage values have not been compared to manual

calculated values.

Manual calculated values could not be completed as per the methodologies of IEEE

80-2000 Section 16.5.1 and 16.5.2 due to the irregularity and complexity of the
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existing grounding grid layout. Refer to Sections 16.7 and 16.8 of the referenced

standard.

Section 6.4.15 contains the detailed computer model output summary report. The

Ground Grid Summary Report, usually the final page of the output documents,

summarizes the calculated Maximum Touch and Step Potential values based on the

grid layout. Calculated values are compared to the Safe Touch and Step potentials.

6.4.12 Fence Grounding and Condition Comments

The boundary fence is tied to the substation ground grid. Measured resistance

between fence and ground grid is 0.100 2.

A visual inspection of the fence and gate grounding was completed. The condition of

each thermoweld was inspected and the continuity of each jumper was confirmed.

Bonding jumpers were missing at the north east corner post and two bonding

jumpers were missing from the top rail on the east side of the yard. Refer to

measurement location sketch, section 6.4.1, for fence damage location.

6.4.13 Above Grade Equipment Ground Audit

An audit of all bonding and grounding associated with electrical distribution

equipment, supporting towers and structures, fences and gates was completed. All

bare ground wire connections were assessed including both thermoweld and

mechanical configurations. Bare ground wire sizes were measured and compared to

the engineering drawing provided by Great Lakes Power. For reference, this drawing

is SD-30302 rev. 1.

This drawing was not a complete ground grid drawing as the original ground grid was

not indicated. We did confirm the grounding of equipment and conductor sizes

conformed to acceptable standards. Most of the older grid however, is not buried and

generally, is exposed to damage.
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6.4.14 Comments

1. The Hollingsworth T.S. ground grid is interconnected to the Hollingsworth G.S.

ground grid via an overhead ACSR conductor. We have obtained the generating

station ground grid drawings from 1958 and these drawings do not conform to

the installed system grid. In our analysis we have attempted to replicate the

ground grid in the computer model but were unsuccessful.

2. The structure at the south end of the existing yard, near circuit breaker 993, does

not have the required clearance between the fence and equipment. It is possible

to realize ground grid touch potential at this location. This possibly is a moot point

because the ground grid is exposed at many locations within the older substation

area; no soil cover.

3. In our analysis we used the measured value of remote earth resistance to

establish ground potential rise.

4. It is recommended that this site be re-measured.
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6.4.15 Computer Model Output Results

System Data:

Body Weight 70kg

Fault Current (IF) 2.622 kA

XIR ratio 4.4

Division Factor (SF) 20%

Projection Factor (Ce) 100%

Fault Duration (T, 7, T) 0.5 sec.

Plot Step 3ft.

Summary Report:

Ground Resistance (Rg) N/A 2

Ground Potential Rise (GPR) N/A V

Tolerable Touch Potential 1129 V

Calculated Touch Potential N/A V

Tolerable Step Potential 3851 V

Calculated Step Potential N/A V

Modeled Results Not Obtainable
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6.5 MAGPIE TS

6.5.1 Soil Resistivity Measurement Locations

SWAMPY
M3 X

GATE

M4 X
SWAMP

XM2

XM7 XMl
M5X

I I
GATE MAIN

GATE
XM6

REMOTE EARTH
MEASUREMENT
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6.5.2 Resistivity Measurement

Soil resistivity has been calculated based on the following:

P = 2,raR

a = Rod Spacing

R = Resistivity Measurement

Measurement . Resistance Calculated Soil
. Probe SpacingLocation Measured Resistivity

Ml 0.91 M 359 c2 2063 2•M
M2 0.91 M 582 c2 3344 2•M
M3 0.91 M 54.8 2 315 2M
M4 0.91 M 69.5 2 399 c2•M
M5 0.91 M 608 2 3493 2M
M6 0.91 M 455 2 2614 2M
M7 0.46M 345Q 990 2M

Modeling Values Used:

1. Surface Stone 990 2M

2. Upper Surface Sand/Gravel 1200 2M

3. Lower Surface Sand/Gravel 1200 )M

6.5.3 Ground Resistance Measurements

Measurement Location:

The test ground electrode used is indicated on the measurement location sketch

6.5.1. Current probe Cl was located in a northerly direction, 800 ft. from test

electrode. Potential probe P1 measurements were made at approximately 100 ft.

intervals between test electrode and current probe Cl.

Measurements obtained:

Position No. Distance Resistance
1 160ft. 3.622
2 200ft. 4.l1c
3 320 ft. 4.742
4 400 ft. 5.61 2
5 480 ft. 5.91 £2
6 600ft. 7.ll2
7 700 ft. 9.25 £2
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The Slope Method was used to calculate soil resistivity. Refer to Appendix 9.1 for

supporting methodology.

Distance calculation for value R

R1 — 0 2 x 800’ — 160

R2 —04x800’—320’

R3 =0.6x800’=480’

Remote Distance Curve Calculation:

R3—R2 = 5.91—4.74
104

R2 — R1 4.74— 3.62

From Table VII in Appendix 9.2:

p of 1.04 = Pt/C of 0.533

Distance of potential probe to represent remote earth soil resistivity

= 0.533 x 800’ = 426’to Probe P1

Measured Value = 5.70 2

6.5.4 Stone Coverage Area

On a percentage basis, approximately 100% of the area inside the fenced enclosure

does have a stone cover. Stone depth was measured at 0.102 M. The stone cover

and sand/gravel subsoil contained moisture and was very damp. This is reflected in

the ground resistance measurements.
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6.5.5 Allowable Safe Step and Touch Potentials

Based on Surface Layer De-rating Factor (Cs)

0.09 (1
—

Cs=1-
2h + 0.09

=i1’00l9
0.294

= 1 — (—)0.0646

= 1.065

P=1200Q.M

P =990Q.M

h3 =0.102M

Safe Step Potential

EStep(5O) = [1000 + 6CP j * 0.116

=[l000+ 6*1.065*990]*

=7326*0.164

=1201 Volts

EStep(7O) = [1000 + 6CP] *

_____

=[l000+6*1.065*99o]* 0.157

=7326*0.222

= 1626 Volts

June 14, 2004 Project No.: 03-014-02 Report Page 53

EB-2009-0408 
Exhibit 10 
Tab 1 
Schedule 2 
Appendix 66(i) 
84 of 165



PwrTech Designs
312 Mary St. E.
Thunder Bay, ON.
P7E 4J9

(e) pwrtechtbayteI.net

(t) 807.622.2233
(f) 807.622.7164

(C) 807.627.2321

Safe Touch Potential

0.116
ETOUCh(5o) =[1000+1.5CsPs]

=[l000+1.5*1.o65*990]*

= 2582 * 0.164

= 423 Volts

0.157
ETOUCh(7o) [1000+1.5CsPs]*

* 0.157=[l000+1.5*1.o65*99o]

= 2582 * 0.222

= 573 Volts

6.5.6 Total Resistance to Remote Earth

R
1 [+H

LT

= 1200

= 1200 * [0.00053 + 0.0028 * 1.977]

= 1200 * 0.00614

= 7.37 2

1 1 1
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LT = Buried conductors and rods

=1883M

A = Ground grid area

=6203M2

h=Depth of grid

=0.406M

P = Resistivity

=I200IYM

&5.7 Current Grid Split Factor Determination

To calculate Sf based on IEEE Std. 80-2000 Annex C.

Based on 1 Transmission I 0 Distribution Lines

Rg Measured = 5.70

Rg Calculated = 7.37 Q

Rg Modeled = 6.81 2 (selected for calculation)

Method B

iT I 0D 25% Local Contribution I 75% Remote Contribution Rg = 6.8 2

Rtg =15Q Rdg =25 Figure C.17

Sf =20%

Assign a Current Split Factor Sf for 115 kV system of 20%.
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6.5.8 Symmetrical Grid Current (Ig)

/9 = Sf *

‘F

= 0.20 * 362 kA

=0.72kA

Sf =20%

‘F = L G value from G.L.P.

=3.62kA

6.5.9 Maximum Grid Current (IG)

I *1
‘G’’f ‘g

=1.024*0.72kA

=0.74kA

Df =1.024

19 =0.72kA

6.5.10 Calculated Ground Potential Rise (GPR)

GPRHafld = Rg *

‘G
* 1 3

= 737 * 074 * io

= 5454 Volts

GPRMeasured = Rg *

‘G
* 1 o

=5.7*0.74*103

= 4218 Volts

6.5.11 Comparison of Modeled Values and Results

Modeled Step and Touch voltage values have not been compared to manual

calculated values.

Manual calculated values could not be completed as per the methodologies of IEEE

80-2000 Section 16.5.1 and 16.5.2 due to the irregularity and complexity of the
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existing grounding grid layout. Refer to Sections 16.7 and 16.8 of the referenced

standard.

Section 6.5.15 contains the detailed computer model output summary report. The

Ground Grid Summary Report, usually the final page of the output documents,

summarizes the calculated Maximum Touch and Step Potential values based on the

grid layout. Calculated values are compared to the Safe Touch and Step potentials.

6.5.12 Fence Grounding and Condition Comments

The boundary fence is tied to the substation ground grid. Measured resistance

between fence and ground grid is 0.422 Q.

A visual inspection of the fence and gate grounding was completed. The condition of

each thermoweld was inspected and the continuity of each jumper was confirmed.

This is a relatively new ground grid installation. We found no issues with the fence

and fence grounding.

6.5.13 Above Grade Equipment Ground Audit

An audit of all bonding and grounding associated with electrical distribution

equipment, supporting towers and structures, fences and gates was completed. All

bare ground wire connections were assessed including both thermoweld and

mechanical configurations. Bare ground wire sizes were measured and compared to

the engineering drawing provided by Great Lakes Power. For reference, this drawing

is number 38019 (SE-39501) rev. 7.

This is a relatively new ground grid installation. We found no issues with the above

ground audit.

6.5.14 Comments

1. Soil resistivity values in this area ranged over a large spectrum. Values ranged

from 315 to 3500 QM. This was reflective of surface conditions; a mixture of
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gravel, sand and rock. We have selected an intermediate value of soil resistivity

to align with the actual measured value of remote earth resistivity (Rg).

It is recommended additional site measurements be taken to confirm validity of

initial site measurements.

2. Considering existing fault values, the Safe Touch Potential has exceeded safe

limits (156%).

3. Considering future distant fault values, the Safe Touch Potential has exceeded

safe limits (171%).
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6.5.15 Computer Model Output Results

System Data:

Body Weight 70 kg

Fault Current (‘F) 3.62 kA

X/R ratio 9.10

Division Factor (SF) 20%

Projection Factor (C1,) 100%

Fault Duration (T, T, T) 0.5 sec.

Plot Step 3ft.

Summary Report:

Ground Resistance (Rg) 6.81 c

Ground Potential Rise (GPR) 5046 V

Tolerable Touch Potential 573 V

Calculated Touch Potential 978 V

Tolerable Step Potential 1627 V

Calculated Step Potential 800 V

Touch Voltage Exceeds Tolerable Limits
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Project: ETAP PowerStation
Page:

Location: 4.74C
Date: 04-08-2004

Contract: SN: PROCOMMTSI

Engineer: Study Case: GRD2 Filename: GLP-MAGPIE

Distant Future 115 kV Consideration

Electrical Transient Analyzer Program

ETA P PowerStation

Ground Gridms

Finite Element Method

Number of Ground Conductors: 60

Number of Ground Rods: 72

Total Length of Ground Conductors: 545800 ft

Total Length of Ground Rods: 720.00 ft

Frequency: 60.0

Unit System: English

Project Filename: GLP-MAGPIE

Otttpsit Filename: C:\Documents and Scttings\Barry Bingeman\My Documents\Grcat Lakes
Power\Models\GLP-MAGPIE\Grid I Untisled.GR I
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Project: ETAP PowerStation
Page: 2

Date: 04-08-2004

SN: PROCOMMTSI

Filename: GLP-MAGPIE

Distant Future 115kv Consideration

System Data:

Ground Grid Innut Data

Short—Circuit Current Fault Duration (Seconds)

Total Sf Cp Tf Te Ts Extended
Ambient Fault Division Projection for for Sizing for Plot Boundary

Freq. Weight Temp. Current Factor Factor Total Fault Ground Available Step Length
Hz kg °C kA X/R % % Duration Conductora Body Current ft ft

60.0 70 40.00 3.620 9.10 20.8 100,0 0.50 0.50 0.50 3.0 0.8

Soil Data:

Upper Layer Soil

Resistivity Depth
Material Type tn ft

Moist soil 200.0 5.00

Material Constants:

Conductor/Rod

Condoctor

Rod

Type

Copper, annealed soft-drawn

Copper, annealed soft-drawn

Resistivity of Thermal
r Factor Fusing Ground Conductor Capacity

Conductivity @: 20 °C KO @ Temperature 20°C Per Unit Volunme

1/°C 0 °C °C cm JI(cmt.°C)

100.0 0.80393 234.0 1003.0 1.72 3.42

80.0 8.00393 234.0 1083.0 1.72 3.42

Conductor Data:

Label

CO

C3

C4

C5

CO

C?

CO

C9

ClO

CII

C12

C13

C 14

C15

Cl6

Cl?

Cit

_______

Type

Copper. annealed soft-drasen

Copper. annealed soft-drawn

Copper. annealed soft.drasvn

Copper, annealed soft-drawn

Copper. annealed soft-drawn

Copper, annealed soft-drasvn

Copper, annealed snft.drasvn

Copper, annealed soft’drosvo

Copper, annealed soft’drawo

Copper, annealed soft’drosvo

Copper, annealed soft-drawts

Copper, atinealed soft-drown

Copper, annealed soft-drawn

Copper, annealed soft.drass-n

Copper. annealed soft-drass’o

Copper, annealed snft-drasvn

Cottper, annealed soft.drasvn

Location:

Contract:

Engineer:

4.7.4C

Study Case: GRD2

Surface Material

Material Type

Cntshed rock

Resistivity Depth

to

990.0 0.33

Lower Layer Soil

Resistivity

MalcrialType

Moist soil 1200.0

Size ,,_,.__ Length Insulated Cost
AWG/kensil x Y Z X Y Z ft Yes/No S/ft

2/0 1931.4 1296.9 1.0 2297.4 1296.9 1.0 366.0 NO S3

2/0 1906.2 1250.4 1.0 1931.0 1296.8 1.0 53.0 NO $3

2/0 1906.4 1175.0 1,0 1943.9 1135.5 .0 55.0 NO $3

2/8 1906.3 1250.2 1.0 1906.3 1175.2 1.0 75.0 NO $3

2/0 1943.6 1135.5 1.0 2189.6 1135.5 1.0 246.0 NO $3

2/0 2189.2 1135.1 1.0 2189.2 1097.1 1.0 38.0 NO S3

2/0 2180.9 1097.4 1.0 2297.9 1097.4 1.0 189.0 NO $3

2/0 2297.3 1097.1 1.0 2297.3 1296.1 1.0 199.0 NO $3

4/0 1955.6 1136.0 1.3 1955,6 1298.0 1.3 162.0 NO $3

4/0 2034.0 1247.1 1.3 2034.0 1246.0 1.3 0.3 NO $3

4/0 1994.2 1135.8 1.3 1994.2 1297.0 1.3 162.0 NO S3

4/0 2032.2 1135.0 1.3 2032.2 1297.8 1.3 162.0 NO $3

4/0 2071.7 1135.5 1.3 2071.7 1297.5 1.3 162.0 NO $3

4/0 2110.3 1135.7 1.3 2110.3 1297.7 1.3 102.0 NO $3

4/0 2149.9 1135.5 1.3 2149.9 1297.5 1.3 162.0 140 S3

4/0 2194.2 1097.5 1.3 2194.2 1296.5 1.3 199.0 NO $3

4/0 2233.9 1097.8 1.3 2233.9 1296.8 1.3 199.8 NO $3
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Project: ETAP PowerStation
Page: 3

Location:

Contract:

Engineer:

4.7.4C

Study Casc: GRD2

Date: 04-08-2004

SN: PROCOMMTSI

Filename: GLP-MAGPIE

Distant Future 115 kV Consideration

Conductor Data:

Size _.....L.._. Length Insulated Cost
Label Type AWG/kc,n,l X Y z x y z ft Yes/No S/ft
Ct9 Copper. annealed soft-drown 4:0 2272.5 097.5 1.3 2272.5 1296.5 1.3 199.0 NO S3

C20 Copper. anoealed soft-drown 4/0 2194.6 1135.3 1.3 2297.2 I 135.3 1.3 102.6 NO S3

C2t Copper. sonealed soft-drawn 4/0 2233.6 t I 17.1 1.3 2272.6 1117.1 1,3 39.0 NO $3

C22 Copper, annealed soft-draws 4,0 1916.3 126S.8 1.3 2297.6 1268.6 1.3 381.3 NO S3

C23 Copper. annealed soft-drawn 4/0 1906.5 1235.2 .3 2297.5 235,2 1.3 391.0 NO S3

C24 Copper. anoealed soft-drawn 4/0 1906.6 1201.9 1.3 2297.6 1201.9 1.3 391.0 NO $3

C25 Copper, annealed soft-drown 4/0 1912,6 1169.1 1.3 2297.9 1168.7 1.3 385.3 NO $3

C26 Copper, aoneoled soft-dross’s 4/0 2032.6 1253.2 1.3 2234.6 1253.2 1.3 282.0 NO $3

C27 Copper, aooealed soft-drawn 4/0 2032.5 I 183.3 1.3 2234.5 I 183.3 1.3 202.0 NO $3

C28 Copper, annealed soft-draws 4/0 2043.2 1202.2 1.3 2043.2 1235.2 1.3 33.0 NO S3

C29 Copper, annealed soft-drown 4/0 2058.0 1202.2 1,3 2058,0 t235.2 .3 33.0 NO $3

C30 Copper, annealed soft-dravn 4/0 2082,8 1202,2 1.3 2082,8 1235.2 1.3 33.0 NO $3

C3t Copper, annealed soft-drawn 4/0 2097.6 1202.2 1,3 2097.6 1235.2 1.3 33.0 NO $3

C32 Copper, asoeated soft-drawn 4/8 2122.2 1202.2 1.3 2122.2 1235,2 1.3 33.0 NO $3

C33 Coppee.anoeated soft-draws 4/0 2137,8 1202.2 1.3 2137.8 1235.2 1,3 33.0 NO $3

“ C34 Copper. annealed soft-drawn 4/0 2164.0 1202.0 1.3 2164.0 1235.0 1,3 33.0 NO $3

C35 Copper, annealed soft-drawn 4/0 2180.8 202.4 1.3 2180.0 1235.4 1.3 33.0 NO S3

C36 Copper. annealed soft-drawn 4/0 2025.3 1202.0 1.3 2025.3 1187.0 1.3 15.0 NO S3

C37 Copper. annealed soft-drawn 4/0 2046.1 1183.4 I 3 2046.1 1197.8 1.3 14.4 NO S3

C3l1 Copper. annealed soft-draws 4/0 2060.0 I 183.6 1.3 2060.0 I I 98.6 1.3 I 5.0 NO $3

C39 Copper, annealed soft-draws 4/0 2078.5 1201.8 1.3 2078.5 I 186.8 1,3 5.0 NO $3

C40 Copper, annealed soft-draws 4/0 2091.8 1201.8 1.3 2091.8 t 186.0 1.3 15.0 NO $3

C41 Copper. annealed soft-drasvn 4/0 2103.8 I 183.6 1.3 2103.0 1198.6 1.3 15.0 NO $3

C42 Copper. annealed soft-drasvo 4/0 21 17.3 1183,6 1.3 21 17.3 1198.6 1.3 15.0 NO $3

C43 Copper, annealed sofl-drasvo 4/0 2126.0 I 183.6 .3 2126.1 1198.6 1.3 15.0 NO $3

C44 Copper, annealed soft-drawn 4/0 2134.3 1103.4 1,3 2134.3 1198.4 1.3 15,0 NO $3

C45 Copper, annealed soft-drawn 4/0 2142.5 1183.4 1.3 2142.5 I 190.4 1.3 15.0 NO $3

C46 Copper. annealed soft-drawn 4/0 2159.4 1201.8 1.3 2159,4 I 186.0 1.3 15.0 NO $3

C47 Copper, annealed soft-drawn 4/0 2t72.7 1201.8 1.3 2172,6 1186.8 1.3 15.0 NO $3

C48 Copper, annealed soft-drasvn 4,0 2184.5 1202.0 1.3 2184.5 1187.0 1,3 15.0 NO $3

C49 Copper. annealed soft-drasun 4/0 2225.4 1183.6 1.3 2225.5 1198.6 1.3 15.0 NO $3

C50 Copper. annealed soft-drawn 4/0 2024.3 1235.4 1.3 2024.3 1250.4 1.3 15.0 NO 53
C51 Copper, annealed soft-draws 4/0 2046,2 1235.4 1.3 2046.3 1250.4 1.3 15.0 NO $3

C52 Copper, annealed soft-drown 4/0 2056.8 1235.4 1.3 2056.8 1250.4 1.3 15.0 NO $3

C53 Copper, annealed soft-draws 4/0 2065,3 1253.2 1.3 2065.3 1238.2 1.3 15.0 NO $3

C54 Copper, annealed soft-drawn 4/0 2077.5 1253.2 1.3 2077,5 1238.2 1.3 15.0 NO $3

C55 Copper, annealed soft-drawn 4/0 2084.8 1253.0 1.3 2084.8 1238.0 1.3 15.0 NO $3

C56 Copper, annealed soft-drasvn 4/0 2092.8 1253.0 1.3 2092.9 1238.0 1.3 15.0 NO $3

C57 Copper, annealed soft-draws 4/0 2101.4 1253.0 1.3 2101.4 1238.0 I 3 15.0 NO $3

C50 Copper, annealed soft-draws 4/0 2120.0 1235.2 1.3 2120.1 1250.2 1.3 15.0 NO $3

C59 Copper, annealed sofS-drass’n 410 2130.7 1235.4 1.3 2130,7 1250.4 1.3 15.0 NO $3

C60 Copper. annealed soft-dravvn 4/0 2142.2 1253.2 1.3 2142.3 1238.2 1.3 15.0 NO 53
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Page: 4

Date: 04-08-2004

SN: PROCOMMTSI

Filename: GLP-MAGPIE

Distant Future I 5 kV Consideration

Conductor Data:

Label Type

C6l Copper, annealed soft-drawn

Rod Data:

Size Length Insulated Cost
AWO/kcosil X y z x Y Z ft Yes/No S/ft

4/0 2227.3 1253.0 1.3 2227.4 1238.0 1.3 15.0 NO $3

Project:

Location:

Contract:

Engineer:

ETAP PowerStation

4.7.4C

Study Case: GRD2

Diameter
inch

From
Length Insulated Cost

X Y Z X Y Z ft Yes/No S/ftLabel Type

RU Copper, annealed soft-drawn 0.75 2189.1 1897.4 1.3 2189 I 1097.4 11.3 10.0 NO 5100

RI Copper, annealed soft’drasvn 0.75 2221.2 1097.5 1.3 2221.2 1097.5 I 1.3 10.0 NO SItU

R2 Copper, annealed soft-drawn 0.75 2255.5 1097,5 1.3 2255.5 1097.5 I 1.3 0.0 NO $100

R3 Capper, annealed soft-drawn 0.75 2297.1 1097.1 1.3 2297,1 1097.1 11.3 10.0 NO $100

R4 Capper, annealed soft.drasvn 0.75 2233.8 Il 16.7 1.3 2233.8 II 16.7 I 1.3 10.0 NO $100

R5 Copper, annealed soft.drassn 0.75 2272.1 1116.7 1.3 2272.1 1116.7 11.3 10.0 NO $101)

R6 Copper, an,tealed soft-drawn 0.75 2234.1 1135.1 1.3 2234.1 1135.1 I 1.3 10.0 NO $100

R7 Copper, annealed soft.drasvn 0.75 2272.1 1135.1 1.3 2272 I I 135.1 11.3 0.0 NO $100

R8 Copper,annealed soft-drawn 0.75 2297.5 I 135.1 1.3 2297.5 I 135.1 11.3 10.0 NO $101)

‘‘ R9 Copper, annealed soft.drasvn 0.75 2297.5 1168,4 1.3 2297.5 1168.4 11.3 10.0 NO 5100

RIO Copper, annealed soft-dross’s 0.75 2297.5 1202.1 1.3 2297,5 1202.1 11.3 10.0 NO $100

RI I Copper, nonealed soft-drawn 0.75 2297.5 1235,4 .3 2297.5 1235,4 11.3 10.0 NO $100

Rl2 Copper, annealed soft-drawn 0,75 2297.1 1268.4 1.3 2297.1 1268.4 I 1.3 10.0 NO $100

R13 Copper, annealed soft-drasvn 0.75 2297.5 1296.4 1.3 2297.5 1296.4 11.3 10.0 NO $100

RI 4 Copper, annealed soft’drawn 0.75 2272.5 1168.4 1.3 2272.5 I I 68,4 I 1,3 10.0 NO $100

R15 Copper, annealed soft’drosvn 0.75 2272,1 1201.7 1.3 2272.1 1201.7 11.3 10.0 NO $180

R16 Copper, annealed soft’drasvn 0.75 2272.1 1235.1 1.3 2272.1 1235.1 11.3 10.0 NO $100

RI? Copper. annealed soft’drasvn 0.75 2272.5 1268.4 1.3 2272.5 1268.4 11.3 10.0 NO $100

RIO Copper. anrrealed soft-drawn 0.75 2272.5 1297.1 1.3 2272.5 1297.1 I 1.3 10.0 NO $100

Rl9 Copper. aitnraled soft-drown 0.75 2189.1 1135.1 1.3 2109.1 I 135.1 11.3 10.0 NO $100

R20 Copper, annealed soft’drasvn 0.75 2234.1 1168.4 1.3 2234.1 1168.4 11.3 10.0 NO $100

R21 Copper, annealed snft-drasvn 0.75 2234.1 1202.1 1.3 2234.1 1202.1 11.3 10.0 NO $100

R22 Copper, annealed soft-drasvn 0.75 2233.0 1235.4 1.3 2233.8 1235.4 11.3 10.0 NO $100

R23 Copper. attnealed soft-drass’n 0.75 2233.8 1268.7 1.3 2233.8 1268.7 I 1.3 10.0 NO $100

R24 Cop1ter. annealed soft-drasvn 0.75 2234.1 1296.7 1.3 2234.1 1296.7 11.3 10.0 NO $100

R25 Copper, annealed soft-drawn 0.75 2150.1 I 135.7 1.3 2150.1 I 135.7 11.3 0.0 NO $100

R26 Capper,annealed soft-drasvn 0.75 2194.5 I 168.4 1.3 2194.5 1168.4 11.3 10.0 NO $100

R27 Copper, annealed soft-dross’s 0.75 2194.1 1201.7 1.3 2194.1 1201.7 I 1.3 10.0 NO $100

R28 Copper. annealed soft-drawn 0.75 2194.5 1235.1 1.3 2194.5 1235.1 11.3 10.0 NO $108

R29 Copper, annealed snft.drass’n 0.75 2194.1 1268.4 1.3 2194.1 1268,4 I 1.3 10.0 NO $100

R30 Copper, annealed soft-drason 0.75 2194.5 1296.7 1.3 2194.5 1296.7 I 1.3 10.0 NO $100

R31 Copper,annealed snft-drasvn 0.75 2149.8 1168.4 1.3 2149.8 1168,4 11,3 10.0 NO $100

R32 Copper, annealed saft.drawn 0.75 2149.8 1201.7 1,3 2149.8 1201.7 11.3 18.0 NO $100

: R33 Copper, annealed soft.drasvn 0.75 2149.8 1235.1 1.3 2149.0 1235.1 11.3 10.0 NO Sl00

R34 Copper, annealed soft-dross’n 0.75 2149.8 1268.4 1.3 2149.8 1260,4 1 1.3 10.0 NO $100

R35 Capper, annealed soft-drasvn 0.75 2150.1 1296.7 1.3 2150.1 1296.7 I I.) 10.0 NO $100
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Project:

Location:

Contract:

Engineer:

Distant Future 115 kV Consideration

Rod Data:

Page: 5

Date: 04-08-2004

SN: PROCOMMTSI

Filenatne: GLP-MAGPIE

Type

Copper. aonealed soft-dross’s

Copper. annealed soft-drawn

Copper, annealed soft-drawn

Copper, annealed soft-draws

Copper. annealed soft-drawn

Copper, annealed soft-drawn

Copper, annealed soft-draws

Copper, annealed soft-drawn

Copper, annealed soft-draws

Copper. annealed soft-drown

Copper, annealed soft-drawn

Copper, annealed soft-dross’s

Copper, annealed soft-dross’s

Copper, annealed soft-drawn

Copper, annealed soft-drawn

Copper, annealed soft-drawn

Copper, annealed soft-drasvn

Copper, annealed soft-drown

Copper. annealed soft-draws

Copper, annealed soft-dross’s

Copper, annealed soft-drown

Copper, annealed soft-drosvn

Copper, annealed soft-drasvn

Copper, annea led soft-drawn

Copper, annealed soft-drass’n

Copper. annealed soft-drawn

Copper. annealed soft-drasvs

Capper, annealed soft-drass’n

Copper. annealed soft-dross’s

Copper, annealed soft-drasvn

Copper, anoealed soft-drawn

Copper, annealed soft-drasvs

Copper. annealed soft-drosvn

Copper, annealed soft-dross’s

Copper. annealed soft-drass’n

Copper, annea led soft-drawn

Front

x y z
0.75 2110.1 1135.7

0.75 2110.5 1168.4

0.75 2110.5 1202.1

0.75 2110.1 1235.1

0.75 2110.5 1268.4

0.75 2110.5 1297.1

0.75 2071.5 1135.7

0.75 2071.5 1160.7

0.75 2071.5 1201.7

0.75 2071.5 1235.1

0.75 2071,5 1268.4

0.75 2071.8 1297.1

0.75 2032.1 1135.7

0.75 2032.1 1168.7

0.75 2032.5 1201.7

0.75 2032.5 1235.1

0.75 2032.1 1269.1

0.75 2032.1 1296.7

0.75 1994.5 1135.4

0.75 1094.1 1160.7

0.75 1994.5 1202.1

0,75 1994.1 1235.4

0.75 1994.1 1268.7

0.75 1994,1 1297.1

0.75 1955.5 1135.7

0.75 1955.5 1169.1

0.75 1955.8 1201.7

0.75 1955.8 1235.1

0.75 1955.5 1269.1

0.75 1955.8 1297.1

0.75 1912,8 1168.7

0.75 1906.1 1201,7

0.75 1906.5 1235.1

0.75 1916.5 1268.7

0.75 1931,1 1149.1

0.75 1926.5 1287.7

Conductor Rod

Total Total Length Total Total Length Total
No. IS Cost No, ft Cost Cost

60 5,457.9 $18,011 72 720.0 $72,000 $90,011

1.3 2110.5 1168,4

1.3 2110.5 1202.1

1.3 2110.1 1235.1

1.3 2110,5 1268,4

1.3 2110.5 1297.1

1,3 2071.5 1135.7

1.3 2071.5 1160.7

1.3 2071.5 1201.7

1.3 2071.5 1235.1

1.3 2071.5 1268.4

1.3 2071.8 1297,1

1.3 2832.1 1135.7

.3 2032.1 1168,7

1.3 2032,5 1201.7

1.3 2032,5 1235.1

1.3 2032.1 1269,1

1.3 2032.1 1296.7

1.3 1994.5 1135.4

1.3 1994.1 1168.7

1,3 1994.5 1202.1

1.3 1994,1 1235.4

1.3 1994.1 1268,7

1.3 1994,1 1297.1

1.3 1955.5 1135.7

1.3 1955.5 1169.1

1.3 1955.8 1201.7

1.3 1955.8 1235.1

1.3 1955.5 1269,1

1.3 1955.0 1297.1

1.3 1912.8 1160,7

1.3 1906.1 1201.7

1.3 1906.5 1235.1

1.3 1916,5 1268.7

1.3 1931.1 1149.1

1.3 1926.5 1287,7

11.3 10.0 NO SlOO

11.3 10.0 NO $100

11.3 10.0 NO $100

11.3 10,0 NO $100

11.3 10,0 NO $100

11.3 10.0 NO $100

11.3 10.0 NO $100

11.3 10.0 NO $100

11.3 10.0 NO $180

11.3 10.0 NO $100

11.3 10.0 NO $100

11.3 10.0 NO $100

11.3 10.0 NO $100

11,3 10.0 NO $100

11.3 10.0 NO $100

11.3 10,0 NO $100

11.3 10.0 NO $100

11,3 10.0 NO $100

11.3 10.0 NO $100

11.3 10.0 NO $100

11.3 10.0 NO $100

11,3 10.0 NO $100

11.3 10.0 NO $101)

11,3 10.0 NO $100

11.3 10.0 NO $100

11,3 10.0 NO $100

11.3 10.0 NO $100

11,3 10.0 NO $100

11.3 10.0 NO $100

11,3 10.0 NO $100

11.3 10.0 NO $100

11.3 10,0 NO $100

11.3 10,0 NO $100

11.3 10,0 NO $100

11.3 10.0 NO SlOG

ETAP Pow erStation

4.7.4C

Stndy Case: GRD2

Diameter
inch

To

x y z
Length Insulated

Yes/No

1.3 2118.1 1135.7 11.3 10.0 NO $100

Coot
S/ftLabel

1836

1837

1838

R39

1840

1841

1842

1843

1844

645

646

R47

648

649

( 650

651

652

1853

1854

1855

1856

1857

R58

1859

660

661

662

663

R64

1865

666

1867

1868

1869

1870

R7 I

Cost:
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Project ETAP PowerStation
Page: 6

Location: 4.7.4C
Dale: 04-08-2004

Contract: SN: PROCOMMTSI

Engineer: Study Case: GRD2 Filename: GLP-MAGPIE

Distant Future 115kv Consideration

Ground Grid Summary Report

Rg GPR Maximum Touch Potential Maximum Step Potential
Ground Ground

VV____•_V__V_VV_VV___VV__V_•_._

V Coordinates (0) - Coordinates (It)Resistance Potential Rise tolerable Calculated Calculated - __ 1 olerable Calculated Calculated
Ohm Volts Volts Volts X Y Volts volts % X V

681 5845.9 573.4 970.2 170.6 1919.3 I 85.2 .627.4 799.6 49.t 2297.10 .097.40

Total Fault Current 3.620 kA Reflection Factor (K): 0.096

Maximum Grid Current: 0.741 kA Surface Layer Derating Factor (Cs): 1.066

Decrement Factor (Df: 1.024

Warning9

The maximum Touch Voltage exceeds the tolerable limits
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ETAP PowerStatLon
Project

Locat.on: I 74C Date: Fcb—25—2554
Cootract:

SN: PN000DLMTSI
Ecoeeer:

Reoroico: Pace
Fileoane: DSP—MACPIE Stody Case: GRDS

Cr:dI — Top drew

0- 0 — 7

C
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0 9

0 0 7’ 7 o o
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312 Mary St. E. (t) 807.622.2233
Thunder Bay, ON. (f) 807.622.7164

r’wr ech LJesagns P7E4J9

(e) pwrtech@tbaytel.net

&6 NORTHERN AVE. TS

6.&1 Soil Resistivity Measurement Locations

REMOTE EARTH
MEASUREMENT

XM5

OUTDOOR STORAGE

FENCE GROUDING

BUILDING r LOCATIONS 1
I I F

GATE 0
— I I z

x x BUILDING

M3

M6 X OFFICE
SUBSTATION BUILDINGS

X M2

I I
MAIN X Ml
GATE

SACKVILLE ROAD

June 14, 2004 Project No.: 03-014-02 Report Page 60
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PwrTech Designs
312 Mary St. E.
Thunder Bay, ON.
P7E 4J9

(e) pwrtech@tbaytel.net

(t) 807.622.2233
(f) 807.622.7164
(c) 807.627.2321

6.6.2 Resistivity Measurement

Soil resistivity has been calculated based on the following:

P = 2’raR

a = Rod Spacing

R = Resistivity Measurement

Measurement . Resistance Calculated Soil
Location Probe Spacing Measured Resistivity

Ml 2.0 M 15.3 Q 192 2M
M2 2.0 M 13.5 2 170 2M
M3 2.OM 11.3Q 142cM
M4 2.OM 7.32 92GM
M5 2.0 M 4.0 2 50 M
M6 0.305M 1792 343 c2•M

Modeling Values Used:

1. Surface

Sand/Gravel

Sand/Gravel

170 M

170 2M

6.6.3 Ground Resistance Measurements

Measurement Location:

The test ground electrode used is indicated on the measurement location sketch

6.6.1. Current probe Cl was located in a easterly direction, 800 ft. from test

electrode. Potential probe P1 measurements were made at approximately 100 ft.

intervals between test electrode and current probe Cl.

Measurements obtained:

Position No. Distance Resistance
1 160ft. 0.487
2 200ft. 0.519Q
3 320 ft. 0.568c
4 400 ft. 0.5842
5 480ft. 0.6472
6 600ft. 0.8942
7 700ft. 1.2842

Stone 343 2M

2. Upper Surface

3. Lower Surface
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Two measurements were taken to obtain a remote earth resistance value. The first

measurement was directly north of the substation. This didn’t resolve because of

transmission tower grounding. The second measurement was taken on the easterly

side of the outside storage area.

The Slope Method was used to calculate soil resistivity. Refer to Appendix 9.1 for

supporting methodology.

Distance calculation for value R

R1 —02x800’—160’

R2 —04x800’—320’

R3 =0.6x800’=480’

Remote Distance Curve Calculation:

R3—R2 0.647—0.568
= =0.98

R2—R1 0.568—0.487

From Table VII in Appendix 9.2:

p of 0.98 = Pt/C of 0.546

Distance of potential probe to represent remote earth soil resistivity

= 0.545 x 800’ = 437’to Probe P1

Measured Value = 0.62 2

6.6.4 Stone Coverage Area

On a percentage basis, approximately 100% of the area inside the substation fenced

enclosure does have a stone cover. Stone depth was measured at 0.05 M. The

stone cover and sand/gravel subsoil contained moisture and was damp. This is

reflected in the ground resistance measurements.

A low spot in grade existed near the main entrance gate on the west side of the

substation. Moisture had collected at this location during our visit to this site.
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6.6.5 Allowable Safe Step and Touch Potentials

Based on Surface Layer De-rating Factor (Cs)

0.09 (1
—

Cs=1-
2h + 0.09

=i_10045
i 0.19

=1—0.242

=0.76

P=170c2.M

P =343cM

h =0.05M

Safe Step Potential

EStep(5O) = [1000 + 6CFj * 0.116

=[l000+ 6*0.75*3431*
0116

=2544*0.164

=417 Volts

EStep(70) = [1000 + 6C3P] * 0.157

= [1000 + 6 * Q75 * 343] * 0.157

= 2564 * 0.222

= 569 Volts
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Safe Touch Potential

ETQUCh(50)=[1000+1.5Cspsl* 016

=[l000+1.5*o.75*343]* 0.116

=1386 * 0.164

= 227 Volts

ETOUCh(7o) [1000+1.SCspsl* 0A57

=[1000 +1.5*0.75*343]*

= 1386 * 0.222

= 308 Volts

6.6.6 Total Resistance to Remote Earth

Rg *[ + [ +

— 170 *

_____

1+0.229 / 20

V 23302

170 *[o 00069 + 0.0015*199]

170 * 0.0036

= 0.61

1 I
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LT = Buried conductors and rods

= 1443 M

A = Ground grid area

=23302M2

h=Depth of grid

=0.229M

P = Resistivity

=170 0.M

6.6.7 Current Grid Split Factor Determination

To calculate Sf based on IEEE Std. 80-2000 Annex C.

Based on 1 Transmission I 2 Distribution Lines

RgMeasured =0.620

Rg Calculated = 0.61 0

Rg Modeled = 0.68 0 (selected for calculation)

Method A

Table C.1 iT I 2D Rtg = 15 0 Rdg = 250 P + JX = 0.54 + J0.33

Zg
= (0.54 + 10.33) = 0.633

= 0.50
(0.68 + 0.54 + 10.33) 1.26

Method B

iT I 2D 100% Remote Contribution Rg = 0.68 0

Rtg =150 Rdg =250 FigureC.1

Sf =48%

Comparing methods A and B, assign Sf for 115 kV system of 48%.
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6.6.8 Symmetrical Grid Current (Ig)

I C’ *1
‘g “‘f ‘F

=0.48*15.l6kA

=7.28kA

Sf =48%

‘F =L—GvaluefromG.L.P.

=15.l6kA

6.6.9 Maximum Grid Current (IG)

I *1
‘G f ‘g

=1.02*7.28kA

=7.43kA

Df =1.02

=7.28kA

6.6.10 Calculated Ground Potential Rise (GPR)

GPRHand = Rg * * 10

=0.61*7.28*103

= 4441 Volts

GPRMeasud = Rg *

‘G
* io

=0.62*7.28*103

= 4514 Volts

6.6.11 Comparison of Modeled Values and Results

Modeled Step and Touch voltage values have not been compared to manual

calculated values.

Manual calculated values could not be completed as per the methodologies of IEEE

80-2000 Section 16.5.1 and 16.5.2 due to the irregularity and complexity of the
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existing grounding grid layout. Refer to Sections 16.7 and 16.8 of the referenced

standard.

Section 6.6.15 contains the detailed computer model output summary report. The

Ground Grid Summary Report, usually the final page of the output documents,

summarizes the calculated Maximum Touch and Step Potential values based on the

grid layout. Calculated values are compared to the Safe Touch and Step potentials.

6.6.12 Fence Grounding and Condition Comments

The boundary fence is tied to the substation ground grid. Measured resistance

between fence and ground grid is 0.627 2.

A visual inspection of the fence and gate grounding was completed. This includes

the entire perimeter of the fenced enclosure, i.e. along Northern Ave. etc. The

condition of each thermoweld was inspected and the continuity of each jumper was

confirmed.

Two fence bonding issues have been identified and the locations are indicated on

the measurement location sketch, section 6.6.1. The first conditions identified the

bonding of the ground conductor to the fence and the second condition identified a

missing ground jumper.

A new fence and gate have recently been installed near the T & D Receiving

Building. No grounding exists on this new fence.

6.6.13 Above Grade Equipment Ground Audit

An audit of all bonding and grounding associated with electrical distribution

equipment, supporting towers and structures, fences and gates was completed. All

bare ground wire connections were assessed including both thermoweld and

mechanical configurations. Bare ground wire sizes were measured and compared to

the engineering drawing provided by Great Lakes Power. For reference, these

drawings are numbers AB-32206 rev.1 and SD-33020 rev. 0. Please note that the

documentation did not accurately reflect installed conditions.
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There were no ground grid connections on the supporting tower columns located at

the south east corner of the substation yard near transformer T7. Even though these

two specific columns weren’t bonded, the entire structure was grounded through

other structural columns

6.6.14 Comments

1. Considering existing fault values, both Safe Step and Safe Touch values have

been exceeded, 114% and 625% respectively.

2. Considering future distant fault values, both Safe Step and Safe Touch values

have been exceeded, 184% and 1010% respectively.
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6.6.15 Comments

System Data:

Body Weight 70 kg

Fault Current (‘F) 15.16 kA

XIR ratio 6.80

Division Factor (SF) 48%

Projection Factor (Ce) 100%

Fault Duration (1, T, T) 0.5 sec.

Plot Step 3ft.

Summary Report:

Ground Resistance (Rg) 0.68 c2

Ground Potential Rise (GPR) 5030 V

Tolerable Touch Potential 309 V

Calculated Touch Potential 3119 V

Tolerable Step Potential 568 V

Calculated Step Potential 1044 V

Safe Step and Touch Voltage Exceeds Tolerable Limits
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Project: ETAP PowerStation
Page

Location: 4.7.4C
Date: 01-24-2004

Contract: SN: PROCOMMTSI

Engineer: Study Case: GRD2 Filename:
GLP-NORTI-IERN AVE

Distant Future 115 kV Considerations

Electrical Transient Analyzer Program

ETA P PowerStation

_!!_

Finite Element Method

Number of Ground Conductors: 56

Number of Ground Rods: 53

Total Length of Ground Conductors: 4204.00 ft

Total Length of Ground Rods: 530.00 ft

Frequency: 60.0

Unit System: English

Project Filename: GLP-NORTHERN_AVE

Output Filename: C:\Documents and Setttngs\Barry Bingcman\My Documents\Great Lakes Power\Models
03-01 4-02\GLP-NORTHERN AVE\Grid l_Untitled.GR I
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Project: ETAP PowerStation
Page 2

Location: 4.7.4C
Date: 01-24-2004

Contract: SN: PROCOMMTSI

Engineer: Study Case: GRD2 Filename:

GLP-NORTHERN_AVE

Distant Future 15kv Considerations

Ground Grid Input Data

System Data;

Short-Circuit Current Fault Duration (Seconds)

Total Sf Cp Tf Tc Ts Extended
Ambient Fault Division Projection for for Sizing for Plot Boundary

Freq. Weight Temp. Current Factor Factor Total Fault Ground Available Step Length
Hz kg °C kA XIR % Duration Conductors Body Current 0 ft

60.0 70 40.00 15.160 6.80 48.8 100.0 0.50 0.50 0.50 3.0 0.0

Soil Data:

Surface Material Upper Layer Soil Lower Layer Soil —

Resistivity Depth Resistivity Depth Resistivity
Material Type rn tO Material Type rn ft MaterialType ni

Gravel 343.0 0.16 Moist soil 70.0 3.00 Maist soil 170.0

‘vlaterial Constants:
Resistivity of Thermal

Factor Fusing Ground Conductor Capacity
Conductivity @ 20 °C 1(0 @ Temperature @ 20°C Per Unit Volttmc

Conductor/Rod Type % 1/°C 0°C °C cm J/(cm5.°C)

Condnctor Copper, annealed soft-drawn 00.0 0.00393 234.0 083.0 1.72 3,42

Rod Copper, annealed sofl-drasvn 100.0 0.00393 234.0 083.0 1.72 3.42

Conductor Data:

Size Front To Leu°tli Insulated Cost
Label Type AwGlkcnsit X Y Z X Y Z ft Yes/No S/ft

CO Copper, annealed soft-drasro 2/0 412.7 125.2 0.8 1147.7 125.2 0,8 735.0 NO $3

Cl Copper, annealed soft-drasvo 2/0 412.7 125.5 0,8 412.7 307.5 0.8 102.0 NO $3
C2 Copper, annealed soft-drawn 2/0 412.7 307.0 8.8 447.7 307.0 0.8 35.0 NO 83
C3 Copper, annealed soft-drawn 2:0 447.2 307.5 0.0 447.2 504.5 0.8 197.0 NO S3

C4 Copper, annealed soft-drawn 2:0 447.2 504.0 0.8 7572 504.0 0.8 310.0 NO 83

CS Copper, annealed soft-drawn 2/0 757.0 503.0 0.8 757.0 306.0 0.8 197.0 NO $3

C7 Copper, annealed soft-drasvn 2/0 1147.0 125.0 0.0 1147.0 438.0 0.8 313.0 NO $3

CO Copper, annealed soft-drass’ns 2/0 1083.0 437.0 8.8 1147.0 437.0 0.9 64.0 NO S3

C9 Copper, annealed soft-drawis 2,0 448.0 307.0 0.8 758.0 307.0 0.8 316.0 NO $3

ClO Copper.annealedsoft-drawo 2,0 485.t 491.9 8.8 485.1 371.9 0.8 120.0 NO $3

CII Copper, annealed soft-drawn 2/0 534.5 491.5 0.8 534.5 326.5 0.8 165.0 NO S3

C 12 Copper, annealed soft-drawn 2/0 604.0 491.0 0.8 6040 326.0 0.8 165.0 NO S3

C13 Copper, annealed soft-drasvn 2/0 666.5 491.0 0.8 666.5 326.0 0.8 t65.0 NO $3
Ct4 Copper, annealed soft-drasrss 2/0 723.0 492.0 0.8 723.0 375.0 0.0 117.0 NO $3

C15 Copper, annealed soft-draws 2/0 484.6 491.3 0.0 723.5 491.5 0.8 230.9 NO S3

C16 Copper, annealed soft-drass’n 2/0 484.6 372.1 0.8 534.6 372.1 0.8 50.0 NO $3

C17 Copper, annealed soft-drown 2/0 535.0 327.0 0.8 745.0 327.0 0.8 210.0 NO $3
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Location:

Contract:

Engineer:

Conductor Data:

Project:

Distant Future 115 kV Considerations

ETAI’ PowerStatiun
Page 3

4.7.4C
Date: 01-24-2004

SN: PROCOMMTSI

Study Case: GRD2 Filename:

GLP-NORTHERN AVE

Size _,_j° Length nstiIated Cost
Label Type AWO/kcinil X Y z x Y z ft Yes/No S/ft
do Capper, annealed saft-drasvn 2/0 604,0 375,0 0.0 745.0 375.0 0.8 141.0 NO $3

Cl9 Copper. annealed soft-drasvn 2/0 745.1 327.5 0.8 745.1 375.5 0.8 48.0 NO $3

C20 Copper, annealed soft-drawn 4/0 475.6 480.2 0.8 485.6 480.2 0.8 10.0 NO $3
C21 Copper, annealed soft-drasvn 4/0 475,7 456,9 0.8 485.7 456.9 0.8 10.0 NO $3
C22 Copper, annealed soft-drasvn 4/0 475.4 426.6 0.8 485.4 426.6 0.8 10.0 NO $3
C23 Copper, annealed soft-drawn 4/0 475.6 389.0 0.8 405.6 389.0 0.8 10.0 NO $3
C24 Copper, annealed soft-drasvn 4/0 514.0 403.0 0.8 534.0 403.3 0.8 20.0 NO $3

C25 Copper, annealed soft-drawn 4/0 534,3 335.3 0.8 544.3 335.3 0.8 10.0 NO $3

C26 Copper, annealed soft-drawn 4/0 534.9 354.1 0.8 544.9 354.1 0.8 10.0 NO $3

C27 Copper, annealed soft-drawn 4/0 535.0 372.0 0.8 545.0 372.0 0.8 10.0 NO $3

C28 Copper, nonealed soft-drawn 4/0 535.0 388.6 0.8 545.0 388.6 0.8 10.0 NO $3

C29 Copper, anneolcd soft-drawn 4/0 534.6 410.3 0.8 544.6 410.3 0.8 10.0 NO $3

C30 Copper, annealed soft-drasvn 2/0 604.3 336.3 0,8 614.3 336.3 0.8 10,0 NO $3

C3l Capper, annealed soft-drasvn 2/0 604,3 356.6 0.8 614.3 356.6 0.8 10.0 NO $3

/‘ C32 Copper, annealed soft-drown 2/0 604,6 382.6 0.8 614.6 382.6 0.8 10.0 NO $3

‘ C33 Copper, annealed soft-drasvn 2/0 604.4 401.3 0.8 614.4 401.3 0.8 10.0 NO $3

C34 Copper, annealed soft-drawn 2/0 604.1 420.3 0.8 6t4.t 420,3 0.8 10.0 NO $3

C35 Copper, annealed soft-drasvn 2/0 604,3 438.3 0.8 614.3 438.3 0.8 10.0 NO $3

C36 Copper, annealed soft-drasvn 2/0 604.3 457.3 0.8 614.3 457.3 0.8 10,0 NO $3

C37 Copper, annealed soft-drasvn 2/0 604.4 474.9 0.8 614.4 474.9 0.8 10.0 NO $3

C38 Copper, annealed soft-drawn 2/0 656.6 336.0 0.8 666.6 336.0 0.8 10.0 NO $3

C39 Copper, annealed soft-drasvn 2/0 656.0 356.0 0.8 666.0 356.0 0.8 0.0 NO $3

C40 Copper, annealed soft-drawn 2/0 656.3 382.0 0.8 666.3 382.0 0.8 10.0 NO $3

C4l Copper, annealed soft-drasvn 2/11 666.6 382.0 0.8 676.6 382.0 0.8 10.0 NO $3

C42 Copper, annealed soft-drasvn 2/0 666.6 401.0 0.8 676.6 401.0 0.8 10.0 NO $3

C43 Capper, annealed soft-drawn 2/0 666.3 420.0 0.8 676.3 420.0 0.8 10.0 NO $3

C44 Copper, annealed soft-drasvn 2/0 666.6 438.3 0.8 676.6 438.3 0.8 10.0 NO $3

C45 Copper, annealed soft-drass’n 2/0 666.6 456,3 0.8 676.6 456.3 0.8 10.0 NO $3

C46 Copper, annealed soft-drasvo 2/0 666,6 474.0 0.8 676.6 474.0 0.8 10.0 NO $3

C47 Copper, annealed soft-drown 2/0 676.0 375.0 0.8 676.0 365.0 0.8 10.0 NO $3

C48 Copper, annealed soft-drasvn 2/0 688.2 374.7 0.8 688.2 364,7 0.8 10.0 NO $3

C49 Copper, annealed soft-drasvn 2/0 699.0 375.3 0.8 699.0 350.3 0.8 25.0 NO $3

C50 Copper, annealed soft-drawn 2/0 713.7 375.6 0.0 713.7 350.3 0.0 25.3 NO $3

CSt Copper, annealed soft-drasvo 2/0 729.6 375.6 0.8 729.9 350.3 0.8 25.3 NO $3

C52 Copper, annealed soft-drawn 2/0 739.0 375.0 0.8 739.2 365.0 0.8 10.0 NO $3

C53 Copper, annealed soft-drawn 2/0 675.0 327.0 0.8 675.0 337.0 0.8 10.0 NO $3

C54 Copper, annealed soft-drawn 2/0 688.3 327.0 0.8 688.3 337.0 0.0 10.0 NO $3

C55 Copper, annealed soft-drasvn 2/0 738.6 327.6 0.8 738.6 337.6 0.8 10,0 NO $3

C56 Copper, annealed soft-drawn 2/0 682.3 326.9 0.0 682.3 351.9 0.8 25.0 NO $3
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Filename:

GLP-NORTHERN_AVE

Distant Future 115 kV Considerations

Rod Data:

4.7.4C

Diameter Length Insulated Cost
Label Type inch X V Z X V Z ft Yes/No S/ft

RO Cnpper. annealed saft-drawn 075 422.0 25.0 0.8 422.0 125.8 0.0 10.0 NO $100

RI Copper, annealed soft-draws 0.75 459.0 126.0 0.8 4590 26.0 10.8 10.0 NO 8100

R2 Capper, annealed soft-drawn 0.75 504.0 126.0 0.8 504.0 26.0 10.8 10.0 NO $108

R3 Cnpper. annealed soft-drawn 0.75 547.8 126.0 8.8 547.0 126.8 10.8 10,0 NO $100

R4 Cnpper, annealed soft-drawn 0.75 585.0 26.8 0.8 585,0 126.0 10.8 10,0 NO $180

R5 Capper, annealed saft-drasvn 0.75 621.0 126.8 0.8 621.0 126.0 18,8 10,0 NO $100

R6 Capper, annealed soft-drawn 0.75 656.0 126.0 8.8 656.0 126.8 18.8 10.0 NO $100

R7 Capper, annealed soft-drawn 0.75 696.0 126.0 0.8 696.0 126.0 10.8 10.0 NO $100

108 Cnpper, annealed saft.drasvn 0.75 755.0 126.0 0.8 735.0 126.0 10.8 10.0 NO $100

R9 Capper, annealed saft-drasvn 0.75 777.0 126.0 0.8 777.0 126.8 10.8 10.0 NO $100

RIO Capper, annealed soft-drawn 0,75 834.0 126.0 0.8 834.0 126,11 10.8 10.0 NO $100

RI I Capper. annealesl safl-drasvn 0.75 874.0 126.0 11.8 074.0 126.0 10.8 111.0 NO $100

R12 Capper, annealed soft-drawn 0,75 917.0 126.0 0.8 917.0 126,0 10.8 10.0 NO 5100

R13 Copper, annealed soft-drawn 0.75 964.0 126.0 0.8 964.0 126.0 10.8 10.0 NO Sl0O

R14 Cnpper, annealed soft-drasvs 0.75 1005,0 125.0 0.8 1005.0 125.0 10.8 10.0 NO $100
‘

R15 Copper, annealed soft-drawn 0.75 1050.0 126.0 0.8 1050,0 126.0 10.8 10.0 NO $100

R16 Capper, annealed soft-drawn 0.75 1091.0 126.0 0.8 1091.0 126.0 10.8 10.0 NO 5100

R17 Capper, annealed soft-drasvn 0.75 11350 125.0 0.8 1135.0 125.0 111.8 10.0 NO $100

R18 Capper, annealed soft-drawn 0.75 1147.0 165.0 11.0 1147.0 165,11 10,8 10.0 NO 5100

R19 Cnpper. annealed saft-drawn 0.75 I 147.0 199.0 0.0 I 47.0 199.0 10.0 10.0 NO $100

R20 Copper, annealed saft-drasvtt 0.75 1147.0 242.0 0.8 1147.0 242.0 10.8 10.0 NO 5100

R21 Copper, annealetl soft-draws 0.75 1147,0 284.0 0.0 1147.0 284.8 10.8 10.0 NO $100

R22 Capper, annealed soft-drawn 0.75 1147.0 331.0 0.8 1147.0 331,11 10.0 10.11 NO 5100

R23 Capper, annealed saft-drasvtt 0.75 1147.0 373.0 0.8 1147.0 373.0 10.0 10.0 NO 5100

R24 Capper, annealed soft-drass’n 0.75 1147.0 415.0 0.0 1147.0 415.0 10.0 10.0 NO $100

R25 Capper, annealed saft-dsasv,s 0.75 1116.0 437.0 0.0 1116.1) 437.0 10.0 10.0 NO 5100

1026 Copper, annealed saft-drasvn 0.75 411.0 157.0 0.0 411.0 157.0 10.8 10,0 NO $100

R27 Capper, anttealed soft-drawn 0.75 412.0 202.0 0.8 412.0 202.0 10.8 0.0 NO 5100

R28 Capper. annealed saft-drasvn 0.75 412.0 243.0 0.8 412.0 243.0 10.8 10.0 NO $100

R29 Copper, annealed snft-drass’n 0.75 412.0 286.0 0.8 412.0 286.0 10.8 10.0 NO 5100

R30 Capper, annealed saft-drasvs 0.75 433.0 308.0 0.8 433.0 300.0 10.0 10.0 NO 5100

R31 Copper. annealed soft-drawn 0.75 481.0 307.0 08 481.0 307,0 10.8 10,0 NO 5100

R32 Capper, annealed soft-drawn 0.75 521.0 307.0 0.9 521.0 307.0 10.8 10.0 NO $100

R33 Copper, annealed soft-drawn 0.75 557.0 307.0 0.0 557.0 307.0 10.8 10.0 NO 5100

R34 Copper, annealed saft-dtasva 0.75 600.0 300.0 00 600.0 308.0 10.8 100 NO Sl00

R35 Copper, annealed soft-drass’s 0.75 640.0 307.0 0.8 640.0 307.0 10.8 10.0 NO 5100

R36 Capper, annealed soft-drawn 0.75 681.0 300.0 0.8 601.0 308.0 10.8 111.0 NO $100

R37 Capper, annealed saft-drasva 0.75 726.0 307.0 0.8 726.0 307.0 10.8 10.0 NO 5100

R38 Copper. annealed soft-drawtt 0.75 469.0 504.0 0.8 469.0 504.0 10.8 10.0 NO 5100

: R39 Capper, annealed saft-drasvn 0.75 514.0 504.0 0.8 514.0 504,0 10.8 10.0 NO 5100

R40 Capper. annealed snft-drass’n 0.75 559.0 504,0 0.8 559.0 504.0 10,0 10.0 NO Sl00

R41 Copper. annealed soft-drawn 0.75 604.0 504.0 0.8 604.0 504,0 10.8 10,0 NO 5100
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Project ETAP PowerStation page g

Location: 4. I.4C
Date: 01-24-2004

Contract: SN: PROCOMMTSI

Engineer: Study Case: GRD2 Filename:

GLP-NORTHERN_AVE

Distant Future 15 kV Considerations

Rod Data:

Diameter From

_________,I,..,.,.,_.

Length Insulated Cost
Label Type welt X V 1 X V Z ft Yes/No S/ft

R42 Copper, annealed soft-drasvn 075 641.0 505.0 0.8 641.0 505.0 10,8 0.0 NO 8100

15.43 Copper, annealed soft-drasvn 0,75 685.0 505,0 0.t 685.0 505.0 10.8 10.0 NO $100

R44 Copper, annealed soft-drasvn 0.75 729.0 505.0 0.8 729.0 505.0 10.8 10.0 NO $100

R45 Copper, annealed soft-drasvn 0.75 757.0 333.0 0.8 757.0 333.0 10.0 10.0 NO $100

R46 Copper, annealed soft-drawn 0.75 757.0 376.0 0.0 757.0 376.0 10.8 10.0 NO $100

15.47 Copper. annealed soft-drawn 0.75 757.0 418.0 0.0 757.0 410.0 10.0 10.0 NO $100

15.48 Copper, annealed soft-drawn 0.75 758.0 460.0 0.0 750.0 468.0 10.0 10.0 NO Sl00

R49 Copper, annealed soft-drown 0.75 447.0 342.0 0.0 447.0 342.0 10.0 10.0 NO $100

R50 Copper. anoeoled soft-drawn 0.75 447.0 300.0 0.0 447.0 380.0 10.8 10.0 NO $100

R5l Copper. asneated soft-drasvn 0.75 447.0 4320 0.0 447.0 432.0 10.0 10.0 NO $100

15.52 Copper, annealed soft-drawn 0.75 448.0 473.0 0.0 448.0 473.0 10,0 10.0 NO $1130

Cost:

Conductor Rod —.

Total Total Length Total Total Length Total
No. ft Cost No. ft Cost Cost

56 4,203.5 Sl3.872 53 530.0 $53,000 S66,872
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Project ETAP PowerStation
Page 6

Location: A
Date: 01-24-2004

Contract: SN: PROCOMMTSI

Engineer: Study Case: GRD2 Filename:

GLP-NORTHERN_AVE

Distant Future 115 kV Considerations

Ground Grid Summary Report

Rg GPR Maxinmuni Touch Potential Maximum Step Potential
Ground Grousd

Resistance Potential Rise Tolerable Calculated Calculated
Coordmnates(ft)

Tolerable Calculated Calculated
.. Coordinates(ft)

Olsm Volts Volts Volts % X V Volts Volts % X Y

0.68 5,029.8 308.6 3,119.3 l,ltLO.t 987.0 465.1 568.4 1,044.4 83.8 1,147.00 43700

l’otal Fault Current 15.160 kA Rcflcctios Factor (K): -0.337

Maximum Grid Current: 7.407 kA Surface Layer Dcrating Factor (Cs): 0.758

Decrement Factor (DO: 1.018

Varnings

The nrasimuns Touch Voltage exceeds the tolerable limits

The maximum Step Voltage exceeds the tolerable limits
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312 Mary St. E. (t) 807.622.2233

p Thunder Bay, ON. (f) 807.622.7164

vvr ech esig ns P7E 4J9 (c) 807.627.2321

(e) pwrtech@tbaytel.net

6.7 PATRICK STISTEELTON TS

6.7.1 Soil Resistivity Measurement Locations

WELLINGTON STREET
FENCE

CONDITION NO.1

M3
x

- M2

FENCE

_______

I—
CONDITION NO.2

F
U)

C)

F

M4x XM6

- —— — .REMOTE EARTH
MEASUREMENT

XM7 /
/xMl

___I
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312 Mary St. E. (t) 807.6222233

p . Thunder Bay, ON. (f) 807.622.7164

wr ech esigns
(e) pwrtech@tbaytel.net

6.7.2 Resistivity Measurement

Soil resistivity has been calculated based on the following:

P = 2,raR

a = Rod Spacing

R = Resistivity Measurement

Measurement . Resistance Calculated Soil
. Probe SpacingLocation Measured Resistivity

Ml 2.0M 5712 32812M
M2 2.OM 11412 655QM
M3 2.OM 4512 25712M
M4 2.0M 60512 34752M
M5 0.305M 229012 438612M
M6 0.305M 213012 407912M
M7 0.305M 197512 378212M

Modeling Values Used:

1. Surface Stone 4000

2. Upper Surface Stone/Gravel 300 12M

3. Lower Surface Stone/Gravel 300 2M

6.7.3 Ground Resistance Measurements

Measurement Location:

The test ground electrode used is indicated on the measurement location sketch

6.7.1. Current probe Cl was located in a easterly direction along Bloor Street, 700 ft.

from test electrode. Potential probe P1 measurements were made at the significant

intervals between test electrode and current probe Cl.

Measurements obtained:

Position No. Distance Resistance
1 140 ft. 1.481 12
2 280ft. 1.49912
3 420ft. 1.51812
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312 Mary St. E. Ct) 807.622.2233

p Thunder Bay ON. (f) 807.622.7164

wr ech esigns P7E4J9

(e) pwrtech@tbaytel.net

The Slope Method was used to calculate soil resistivity. Refer to Appendix 9.1 for

supporting methodology.

Distance calculation for value R

R1 —02x700’—140’

R2 —04x700’—280’

R3 =0.6x700’=420’

Remote Distance Curve Calculation:

R3—R2 1.518_1.499 105
R2—R1 1.499—1.481

From Table VII in Appendix 9.2:

p of 1.05 = Pt/C of 0.531

Distance of potential probe to represent remote earth soil resistivity

= 0.531 x 700 = 371’to Probe P1

Measured Value = 1.51 2

6.74 Stone Coverage Area

On a percentage basis, approximately 100% of the area inside the substation fenced

enclosure does have a stone cover. Stone depth was measured at 0.406 M. The

stone cover and sand/gravel subsoil contained moisture and was damp. This is

reflected in the ground resistance measurements.
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312 Mary St. E. (t) 807.622.2233

p Thunder Bay, ON. (f) 807.622.7164

vvr ech esig ns P7E 4J9 (c) 807.627.2321

(e) pwrtech@tbaytel.net

6.7.5 Allowable Safe Step and Touch Potentials

Based on Surface Layer De-rating Factor (Cs)

0.09 (1
—

Cs=1-
2h5 + 0.09

=i_10083
i0.902

=1—0.092

=0.91

P=300M

F’ =4000Q•M

h5 =0.406M

Safe Step Potential

ESfep(5O) = [1000 + 6CP5]* 0.116

=[l000+6*o.91*4000]*:
= 22840 * 0.164

= 3745 Volts

EStep(7O) =[1000+6C5P5j
0.157

=[l000+6*o.91*4000]* 0157

=22840*0.222

= 5070 Volts
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EB-2009-0408 
Exhibit 10 
Tab 1 
Schedule 2 
Appendix 66(i) 
124 of 165



312 Mary St. E. (t) 807.622.2233

p . Thunder Bay ON. (f) 807.622.7164

vvr ech esigns
(e) pwrtech@tbaytel.net

Safe Touch Potential

ETQUCh(50)= [1000 + 1 .5CP] * 0.116

=[l000+1.5*0.91*4000]* 0.116

=6460*0.164= 1059 Volts

ETOUCh(70)= [1000 + I .5CP] * 0.157

=[l000+1.5*o.91*4000]* 0157

6460 * 0222= 1434 Volts

6.7.6 Total Resistance to Remote Earth

Rg =[+

= 300 *

= 300 *[0.00066 + 0.0017*1984]= 300 * 0.00405

=1.22c

1 1 I
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312 Mary St. E. (t) 807.622.2233
Thunder Bay, ON. (f) 807.622.7164

‘wr ech esigns
(e) pwrtech@tbaytel.net

LT = Buried conductors and rods

=1519M

A = Ground grid area

=16,999M2

h=Depth of grid

=0.457M

P = Resistivity

= 300 c2. M

6.7.7 Current Grid Split Factor Determination

To calculate Sf based on IEEE Std. 80-2000 Annex C.

Based on 6 Transmission I 6 Distribution Lines

RgMeasured = 1.51 Q

RgCalculated = 1.22 c

Rg Modeled 1.54 2 (selected for calculation)

Method A (Interpolation Required)

Table C.1 4T18D Rtg =15Q Rdg =25Q R+JX =0.134+10.083

Zg=
(0.134+10.083)

0158=0094ü
(1.54 + 0.134+ 10.083) 1.676

Table C.1 8T I 8D Rtg = 15 0 Rdg = 25 0 R + JX = 0.114 + J0.061

Zg=
(0.114+10.061) 0.12900800

(1.54+0.114+10.061) 1.655

0.094+0.080
Approximate Split Factor

= 2
=

Method B (Interpolation Required)

4T I 8D 100% Remote Contribution Rg = 1.54 0

Rjg =150 Rdg =250 FigureC.5
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312 Mary St. E. (t) 807.622.2233

p . Thunder Bay, ON. (f) 807.622.7164

vvr ech esigns P7E4J9 (C) 807.627.2321

(e) pwrtech@tbaytel.net

Sf =9%

8T I 8D 100% Remote Contribution = 1.54 0

R9 =150 Rdg =250 FigureC.7

Sf =8%

Approximate Split Factor
= 9 8

= 8.5%

Comparing methods A and B, assign Sf for 115 kV system of 9%.

6.7.8 Symmetrical Grid Current (ig)

= S
*

‘F

=0.09*20.llkA

=1.8lkA

Sf =9%

‘F =L—GvaluefromG.L.P.

=20.llkA

6.7.9 Maximum Grid Current (IG)

I I-1 *1
IG_Lf ‘g

=1.039*1.8lkA

=1.88kA

Df =1.039

ig =1.8lkA
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312 Mary St. E. (t) 807.622.2233

p . Thunder Bay, ON. (f) 807.622.7164

‘jvr ech esig ns P7E 4J9 (c) 807.627.2321

(e) pwrtech@tbaytel.net

6.7.10 Calculated Ground Potential Rise (GPR)

GPRHand Rg *
IG

* 1 0

=1.22*1.88*103

2294 Volts

GPRMeasud = R9 * / * 1 3

=1.51*1.88* i0

= 2838 Volts

6.7.11 Comparison of Modeled Values and Results

Modeled Step and Touch voltage values have not been compared to manual

calculated values.

Manual calculated values could not be completed as per the methodologies of IEEE

80-2000 Section 16.5.1 and 16.5.2 due to the irregularity and complexity of the

existing grounding grid layout. Refer to Sections 16.7 and 16.8 of the referenced

standard.

Section 6.6.15 contains the detailed computer model output summary report. The

Ground Grid Summary Report, usually the final page of the output documents,

summarizes the calculated Maximum Touch and Step Potential values based on the

grid layout. Calculated values are compared to the Safe Touch and Step potentials.

6.7.12 Fence Grounding and Condition Comments

The boundary fence is tied to the substation ground grid. Measured resistance

between fence and ground grid is 1.51 Q.

A visual inspection of the fence and gate grounding was completed. The condition of

each thermoweld was inspected and the continuity of each jumper was confirmed.

As observed in the both of the following photographs the fence and top rail are

damaged. Refer to the measurement location sketch, section 6.7.1, for locations.
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312 Mary St. E. (t) 807.622.2233
Thunder Bay, ON. (f) 807.622.7164

r’vvr ech esigns
(e) pwrtechtbaytel.net

6.7.13 Above Grade Equipment Ground Audit

An audit of all bonding and grounding associated with electrical distribution

equipment, supporting towers and structures, fences and gates was completed. All

bare ground wire connections were assessed including both thermoweld and

mechanical configurations. Bare ground wire sizes were measured and compared to

the engineering drawings provided by Great Lakes Power. For reference, these

drawings are numbers SD-34902 rev.0 and SD-34512 rev. 2. Please note that the

documentation did not accurately reflect installed conditions. Algoma Steel also

provided ground grid and fence drawings. These are drawings 0-360 Sheet 1 rev. 5,

0-360 Sheet 2 rev. 8 and 0-298 rev. 1.

6.7.14 Comments

1. Algoma Steel has distribution transformers and breakers in the substation yard.

We have obtained the ground grid drawings which incorporate changes made up

to 1997 and have included them in our ground grid analysis.

2. Considering existing fault values, the Safe Touch and Step Potential values are

within tolerable limits, 73% and 5% respectively.

3. Considering future distant fault values, the Touch Potential exceeds tolerable

limits (126%).

Photo #1 Looking West Photo #2 Looking South
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312 Mary St. E. (t) 807.622.2233

p . Thunder Bay, ON. (1) 807.622.7164

vvr ech esigns P7E 4J9 (c) 807.627.2321

(e) pwrtech@tbaytei.net

6.7.15 COMPUTER MODEL OUTPUT RESULTS

System Data:

Body Weight 70 kg

Fault Current (IF) 20.11 kA

XIR ratio 11.65

Division Factor (SF) 9%

Projection Factor (Ce) 100%

Fault Duration (T, 7, T) 0.5 sec.

Plot Step 3ft.

Summary Report:

Ground Resistance (Rg) 1.54 c

Ground Potential Rise (GPR) 2876 V

Tolerable Touch Potential 1429 V

Calculated Touch Potential 1795 V

Tolerable Step Potential 5048 V

Calculated Step Potential 444 V

Touch Voltage Exceeds Tolerable Limits
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Project: ETAP PowerStation
Page

Location: 4.7.4C
Date: 01-27-2004

Contract.
SN: PROCOMMT5I

Engineer. Study Case: GRD2 Filename: GLP-Patriek-Steelon

Distant Future I 15 kV Consideration

Electrical Transient Analyzer Proitrant

ETAP PowerStation

i

Finite Element Method

Number of Ground Conductors: 117

Number of Ground Rods: 123

Total Length of Ground Conductora: 3755.00 ft

Total Length of Ground Roda: 1230.00 ft

Frequency: 60.0

Unit System: English

Project Filename: GLP-Patrick-Steelon

Output Filename: C:\Documents and Settings\Barry Dingeman\My Documents\Great Lakes
Power\Models\GLp-pATR1CK5pEELToN\rid l_tjntjtlcd.GRI
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Project: ETAP PowerStation
Page: 2

Distant Future 115 kV Consideration

Date: 01-27-2004

SN: PROCOMMTSt

Filename: GLP-Patrick-Steelon

System Data:

Ground Grid Input Data

Short-Circuit Current Fault Duration (Seconds)

Total Sf Cp Tf Tc Ts Extended
Ambient Fault Division Projection for for Sizing for Plot BoundaryFreq. Weight Tentp. Current Factor Factor Total Fault Ground Available Step LengthHz kg °C kA X/R % % Duration Conductors Body Current ft ft

600 70 40.00 20.110 t .65 9.0 00.0 0.50 0.50 0.50 3.0 0.0

Soil Data:

Conductor Data:

Resistivity of Thermal
Factor Fusing Ground Conductor Capacity

1(0
‘

Temperature ® 20°C Per Unit Volume

0 °C °C cm J/(cns’.°C)

0.00393 234.0 1083.0 1.72 3.42

0.00393 234.0 083.0 1.72 3,42

Label

CO

CO

ClO

CII

Ct2

CI3

Ct4

Cl5

dO

Cl?

CD

C19

C20

C2 I

C22

C23

C24

Type

Copper, annealed soft-drawn

Copper. annealed soft-drawn

Copper, annealed soft-drasvn

Capper, annealed soft-drasvn

Copper. annealed soft-drasvn

Copper, annealed soft-drasvn

Capper, annealed soft-drawn

Copper, annealed soft-drawn

Copper, annealed soft-drasvn

Copper. anttealed soft-drawn

Copper. annealed soft-drawn

Copper, annealed saft-drasvn

Copper, annealed soft-drawn

Copper. annealed soft-drawn

Copper, annealed soft-drawn

Copper, unsealed saft-drasvn

Copper. annealed soft-drawn

Size Length Insulated Cost
AWO/kernil x Y Z X 1’ Z ft Yea/No S/ft

4/0 509.4 73.0 1.5 509.3 59.6 1.5 13,4 NO S3

4/0 518.8 77.3 1.5 518.8 59.6 1.5 17.7 NO S3

4/0 528.3 77.2 1,5 528.4 59.7 1.5 17.5 NO $3

4/0 535,4 74.2 1,5 535.4 91.6 1.5 17.4 NO $3

4/0 493.2 108.7 1.5 493,2 91.7 1,5 17.0 NO S3

4/0 506.4 109.2 1.5 506.4 91,6 1.5 17.6 NO $3
4/0 520.4 109.2 1.5 520.4 91.7 1,5 17.5 NO $3

4/0 404.4 113.5 1.5 491.4 113.6 1.5 7.0 NO $3

4/0 496.2 114.4 1.5 496.2 129.0 1.5 14,6 NO $3

4/0 509.4 114.8 1.5 509.3 128.9 1.5 14.1 NO $3

4/0 518.7 114.3 1.5 518.8 129.2 1.5 14.9 NO S3

4/0 532.0 121.6 1.5 542.0 121.6 1.5 10.0 NO $3

4/0 532,1 111.0 1,5 546.8 111.0 1.5 14.7 NO $3

4/0 546.7 111.1 1.5 552.5 116.3 1.5 7.8 NO $3
4/0 541.8 121.7 1.5 545.7 118.3 1.5 5.2 NO 83

4/0 538.2 59.5 1.5 538.3 54.5 1,5 5.0 NO $3
4/0 537.9 54,8 .5 547.8 54.9 1.5 9.9 NO $3

Localion:

Contract:

Etsgincer:

4.7.4C

Slstdy Case: GRD2

Surface Material Upper Layer Soil

Resistivily Depth Resistivity Depth
Material Type .m ft Material Type rn ft

Croshed rock 4000.0 1.30 Moist soil 300.0 5.00

Material Constants:

Conductor/Rod

Lower Layer Soil

Resistivity
MalerialType .rn

Moist soil 300.0

Type

Coodoctor Copper, annealed soft-drawtt 100.0

lOud Copper. annealed soft-drasvn 100.0

Conductivity @ 20 °C

%
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Project:

Location:

Contract:

Engineer:

Dtttant Future 115 kV Consideration

Conductor Data:

ETAP PowerStatjon

4.74C
Page: 3

Date: 01-27-2004

SN: PRQCOMMTSI

Filename: GLP-Patrick-Steelon
Study Case: GRD2

Size
AWO/kensil V ZLabel Type

__________

C25 Copper, annealed soft’drawn

To Length Insulated Cost
X V Z ft Yes/No S/ft

4/0 547,6 55,1 1.5 550.4 58.2 1.5 4.2 NO $3
C26 Copper, annealed soft-drawn 4/0 322.7 79.3 1.5 322.7 69.3 1.5 10.0 NO $3
C28 Capper, annealed snft.drawa 4/0 333.4 69.4 1.5 333,5 79.3 1.5 9,9 NO $3
C29 Copper, annealed soft-drawn 4/0 343.6 79.2 1.5 343.7 69.6 1.5 9.6 NO $3
C30 Capper, annealed soft-drasvs 4/0 355.1 79.3 1.5 355.1 69.7 1.5 9.6 NO $3
C3l Capper, annealed snft’drasvn 4/0 368.4 79.3 1.5 368.4 69.7 1.5 9.6 NO $3
C32 Copper, annealed soft-drawn 4/0 380.7 79.5 1.5 380.8 69.6 1.5 9.9 NO $3
C33 Capper, annealed soft-drawn 4/0 393,3 79.3 1.5 393.3 69.6 1.5 9.7 NO $3
C34 Copper, annealed soft-drawn 4/0 403.7 79.0 1.5 463.6 69.6 1.5 9.4 NO $3
C35 Capper, annealed soft-drawn 4/0 413.9 79.6 1.5 413.9 69.6 1.5 10.0 NO $3
C36 Capper. annealed soft-drawn 4/0 427.5 79.3 1.5 427.4 69.6 1.5 9.7 NO $3
C37 Copper. annealed soft.drawo 4/0 439.2 79.2 1.5 439.2 69.5 1,5 9.7 NO $3
C38 Capper, annealed soft-drawn 4/0 450.2 79.5 1,5 450.2 69.5 1.5 10.0 NO $3
C39 Capper, annealed saft’draavn 4/0 461.4 79.9 1.5 461.4 69.6 1,5 I 0.3 NO $3

( C40 Capper. annealed soft-drawn 4/0 474,1 79.3 1.5 474.1 69.4 1.5 9.9 NO $3
“. C4l Copper. annealed soft-draavn 4/0 303.1 78.7 1.5 383.1 69.6 1.5 9.1 NO $3

C42 Copper, annealed soft-drawn 4/0 332.3 106.5 1.5 332.4 96.3 1.5 10.2 NO $3
C43 Copper, annealed soft-draws 4/0 344.7 107.0 1.5 344.8 96.6 1.5 10.4 NO $3
C44 Copper, aonealed soft-drawn 4/0 391.1 106,7 1.5 391.1 96.5 1.5 10.2 NO $3
C45 Copper, annealed soft-drawn 4/0 404.3 106.6 1.5 404.3 96.3 1,5 10.3 NO $3
C46 Copper, annealed saft’drasvn 4/0 418.5 106.6 1.5 418.5 96.5 1.5 10.1 NO $3
C47 Copper, annealed soft.drasvo 4/0 442.8 106.4 1.5 442,8 94.9 1,5 I I.5 NO $3
C48 Copper, annealed soft-drawn 4/0 452.8 I 06.5 1.5 452.8 95.2 1.5 I 1.3 NO $3
C49 Capper, annealed soft-drawn 4/0 485.0 04.9 1.5 485.0 69.7 1.5 15.2 NO $3
C50 Copper, annealed soft-drawn 4/0 438.3 106.7 1.5 438.3 116.9 1.5 10.2 NO $3
C5 I Copper. annealed saft-draavn 4/0 464.1 106.8 1.5 464,2 I 16.7 1.5 9.9 NO $3
C52 Copper. annealed saft-drasvn 4/0 454.3 116.6 1.5 464,3 I 16.5 1.5 18.0 NO $3
C53 Copper, annealed soft’draavn 4/0 339.5 147.9 1.5 339.5 106.9 1.5 41.0 NO $3
C54 Copper, annealed soft-drawn 4/0 422.8 147.9 1.5 422,8 106.9 1.5 41.0 NO $3
C55 Capper, annealed saft-drasvn 350 337.3 148.0 1.5 467.3 148.0 1.5 130.0 NO $3
C56 Copper, annealed soft-drawn 500 493,2 59.7 1.5 541.2 59.7 1.5 48.0 NO $3
C57 Copper, annealed soft’drasvs 500 541.2 59.7 1.5 541.2 91.7 1,5 320 NO $3
C58 Copper, annealed soft-drawn 500 532.0 91.9 1.5 541.6 91.8 1,5 9,6 NO $3
C60 Copper, annealed soft-drawn 500 484.4 92.0 1.5 532.4 92,0 1,5 48,0 NO $3
C6l Capper, annealed soft-drawn 500 532.0 91,7 1.5 532.6 t29.2 1.5 37.5 NO $3
C62 Capper, annealed soft-drawn 500 484.0 129.2 1.5 532.0 129.2 1.5 48,0 NO $3
C63 Copper, annealed soft-drawn 500 484,0 91,7 1.5 484.0 129.2 1.5 37.5 NO $3
C64 Copper, annealed soft-drawn 500 293.7 69.6 1.5 312,2 69.6 1.5 18,5 NO $3
C66 Copper, annealed soft-drawn 500 293.7 85.6 1.5 312.2 85.6 1.5 18.5 NO $3
C67 Copper, annealed soft-drawn 500 293.7 69.6 1.5 293.7 85,6 1.5 16.0 NO $3

‘ C68 Capper, annealed soft-drawn 350 295.5 175,0 1,5 337.9 148,0 1.5 58.3 NO $3
C69 Copper, annealed soft-drawn 350 209.0 175.2 1.5 295.5 175.0 1,5 06.5 NO $3
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Location:

Contract:

Engineer:

4.7,4C

Study Case: GRD2

Date: 01-27-2004

SN: PROCOMMTSJ

Filename: GLP-Patriek-Steelon

Distant Future 115kv Consideration

Conductor Data:

Size From To
Label Type AWC3/kcnril V Z X V Z

Length Insulated Cost
Yes/No S/ft

C7O Copper. annealed soft-drawn 350 244.4 249.7 1.5 244.4 75.0 1.5 74.7 NO $3
C7l Copper, annealed soft-drawn 350 209.3 282.2 1.5 209.3 157.2 1.5 125.0 NO $3
C72 Capper, annealed soft-drawn 350 208.7 249.4 .5 294.0 249.6 1.5 85.3 NO $3
C73 Copper, annealed soft-drawn 350 293.6 284.3 1.5 293.6 249,3 1.5 35.0 NO $3
C74 Copper, annealed snft’drasvn 350 293.9 284.4 1.5 581.6 284.6 1.5 207.7 NO $3
C75 Capper, annealed soft’drasvn 350 501.6 249.6 1.5 501.4 284.7 1.5 35.1 NO $3
C76 Copper, annealed saft’drasvn 4/0 501.3 249.0 1.5 514.6 249.0 1.5 13.3 NO $3
C77 Copper, annealed soft-drawn 4/0 514.0 249.0 1.5 525.6 237.0 1.5 16.7 NO $3
C7O Capper, annealed soft-drawn 350 466,9 147.7 1.5 467,0 165.3 1.5 17.6 NO $3
C79 Copper, annealed saft-drawn 350 434.0 165,3 1,5 479.0 165.1 1.5 45.0 NO $3
COO Copper, annealed soft-drawn 350 479.0 165.8 1.5 491.6 216,0 1.5 52.5 NO $3
COt Copper, annealed soft-drawn 350 502.3 192.0 1.5 582.3 226,6 1.5 346 NO $3
C82 Copper, annealed snft-drasvn 358 491.7 215.7 1.5 502.0 226.4 1.5 14.9 NO $3
C83 Copper, annealed soft-drawn 350 582.6 192.3 1.5 517.3 195.6 1.5 15.1 NO $3

f C84 Copper, annealed soft-drawn 350 516.3 195.3 .5 525.6 238.3 1.5 44.0 NO $3
CO5 Copper, annealed soft-drawn 350 434.0 179,3 1.5 434,0 165,0 1.5 14.3 NO $3
C86 Copper, annealed snft-drawn 350 267.3 249.7 1.5 267.0 175.3 .5 74,4 NO $3
CO7 Copper, annealed soft-drawn 350 266,3 214.6 1.5 326.6 214,6 1.5 60.3 NO $3
COO Cnpper, annealed soft-drasvn 350 295.3 214.6 1.5 295,3 175.0 1.5 39.6 NO $3
C89 Copper, annealed saft-drawn 350 326.6 214,3 1,5 326.6 176.0 1.5 30,3 NO $3
COO Copper, annealed soft-drawn 350 326.6 176,0 1.5 341,3 176.0 1.5 14,7 NO $3
C91 Copper, annealed soft-drasvn 350 341.4 176,3 1.5 341.6 164,3 1.5 12.0 NO $3
C92 Copper, annealed snII-drasva 350 341.9 104.9 1.5 307,9 164.9 1.5 46.0 NO $3
C93 Capper. annealed soft-drasvn 350 307.7 164.9 1.5 380,0 214.6 1.5 49.7 NO $3
C94 Copper, annealed saft’drasvn 350 307.6 214.3 1.5 408.0 214.0 1.5 20.4 NO $3
C95 Capper, annealed soft-drawn 350 407.7 214.0 1.5 400.0 170,6 1.5 35.4 NO $3
C96 Copper, annealed soft’draavn 350 400.0 179.3 1.5 434.3 179.3 1,5 26.3 NO $3
C97 Copper, annealed soft-drawn 350 390.3 214.3 1.5 390.0 284.0 1.5 69.7 NO $3
C98 Copper, annealed soft-drasvn 350 109.3 285.3 1.5 I 09.3 152.6 1,5 132.7 NO $3
C99 Copper, annealed soft-drawn 350 109.0 157.0 1,5 209,9 157,0 1.5 20,9 NO $3

CIOO Copper, annealed naft’drasvn 350 109.3 202,3 1.5 208.6 202,0 1.5 19.3 NO $3
Clot Copper, annealed soft-drasvn 350 150,0 271,0 1.5 190.0 271.0 1.5 40.0 NO $3
Cl 02 Copper, annealed saft-drawn 350 150,0 271.8 1.5 149.6 236.3 1.5 34.7 NO $3
CIO3 Capper, annealed soft’drasvn 350 149.3 236.0 1.5 189.3 236.3 1.5 40.0 NO $3
CIO4 Copper, annealed soft-drawn 350 177.4 164,7 1,5 254.4 164.7 1.5 77.0 NO $3
CbS Copper, annealed soft-drasvn 350 254.4 165.0 1.5 254,6 250.3 1.5 93.3 NO $3
C106 Copper, annealed soft-drawn 350 209,0 250.0 1.5 254.7 250.3 1.5 457 NO $3
CIO7 Capper, annealed soft-drasvn 350 177.0 199,3 1.5 177,3 164.6 1,5 34.7 NO $3
C108 Copper, annealed soft-drawn 350 147.3 199.0 1,5 189,6 199.2 1.5 42.3 NO $3
Cb09 Capper, annealed soft-drasvn 350 147.0 199.1 .5 147.0 172.3 1.5 26.0 NO $3
Cl 10 Copper, annealed soft-drawn 350 147.3 172.6 1.5 177,3 172.6 1.5 30.0 NO $3
CIII Copper, annealed soft-drasvn 350 146.6 100.0 1.5 177.6 100.0 1,5 31,0 NO $3
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4.7.4CLocation:
Date; 01-27-2004

Contract:
SN: PROCOMMTSI

Engineer: Study Cate: GRD2 Filename: GLP-Patrick-Steclon

Distant Future IS kV Consideration

Conductor Data:

Size
Length Insulated CostLabel Type AWC1/kentil x V Z X V Z ft Yen/No S/ft

Ct t2 Copper, annealed snft-drasvn 350 46.9 t87.O .5 177.3 107.3 .5 30.4 NO S3
Cl 13 Capper, annealed soft-drasvn 350 254.3 193.0 1.5 287.0 93.3 1.5 32.7 NO $3
Ct 14 Copper. annealed soft-drawn 350 207.0 193.0 1.5 207.0 2t3.3 1.5 20.3 NO $3
Cl IS Copper, annealed soft-drawn 4/0 475.6 165.) 1.5 475.6 156.0 1.5 9.3 NO $3
CI 16 Copper, annealed soft-drawn 4/0 475.4 156.6 1.5 405.4 156.6 1.5 10.0 NO $3
Ct I? Copper, annealed soft-drasvn 4/0 405.4 t56.6 1.5 485.6 152.6 1.5 4.0 NO $3
CIt Copper, annealed soft-drawn 4/0 485.6 152.6 1.5 528.6 142.6 1.5 44.t NO $3
Ct t9 Copper. ansealed soft-drawn 4/0 400.6 156.3 1.5 480.6 40.0 t .5 16,3 NO $3
Ct24 Copper, annealed sofl-drasvn 500 312.6 70.3 1.5 312.6 107.0 1.5 36.7 NO $3
C125 Copper, annealed soft-drasvn 500 312.6 69.7 1.5 493.9 70.0 1.5 181.3 NO $3
Ct26 Copper, annealed soft-drawn 500 493.0 60,0 1.5 493.0 91.7 1.5 3 t .7 NO $3
Cl27 Copper, annealed soft-drasvn 500 312.6 106.6 1.5 471.6 106.6 1,5 159.0 NO $3
C128 Copper, annealed soft-drawn 4/0 4716 106.6 1.5 484.6 98.6 1,5 153 NO $3
C129 Copper. annealed soft-drass’n 4/0 493.0 66.0 1.5 501.0 66.0 1.5 8.0 NO $3
Ct30 Copper, annealed soft-drawn 4/0 493.6 75.6 1.5 501.6 75.6 1.5 8.0 NO $3
CI3I Copper. annealed soft-dross’n 4/0 493.3 04.6 1.5 501.3 84.6 1.5 8.0 NO $3

Rod Data:

Diameter Front
__, Length Insulated CoatLabel Type inch X V Z X V Z ft Yen/No S/ft

Ito Copper, annealed soft-drosvn 0.75 189.0 151.6 1.5 189.0 151.6 11.5 10.0 NO $100
RI Copper, annealed soft-drawn 0.75 189.3 174.6 1.5 189.3 174.6 11.5 10.0 NO SI go
R2 Copper, annealed soft-drasvn 0.75 109.) 208.6 1.5 189.3 208.6 11.5 10.0 NO $100
R3 Copper, annealed soft-drown 0,75 189.3 240.6 1.5 189.3 240,6 It .5 10.0 NO $100
R4 Copper, annealed soft-drawn 0.75 189.3 285.0 1.5 189.3 285.0 II.) 10.0 NO $100
R5 Copper,annealed soft-drawn 0,75 171.0 271.0 1,5 171,0 271.0 11.5 10.0 NO $100
R6 Copper, annealed soft-drasvn 0.75 149.6 260.3 1.5 149.6 268.3 11.5 10.0 NO $100
R7 Copper. annealed sofl-drawo 0.75 149.6 238.3 1.5 149.6 238.) 11,5 10.0 NO $180
R8 Copper, annealed soft-drawn 0.75 170.0 236.6 1,5 170.0 236.6 11.5 10.0 NO $100
R9 Copper. annealed soft-drawn 0.75 209.3 159.6 1.5 209.3 159.6 11.5 10.0 NO $100

RIO Copper, annealed soft-drasvn 0.75 209.3 168.3 1.5 209.3 168.3 11.5 10.0 NO $100
RI I Copper. aonealed soft-drawn 0.75 209.) 175.0 1.5 209.) 175.0 11.5 10.0 NO $100
Rt2 Copper, annealed soft-drasvn 0.75 209.6 186.3 1,5 209.6 186.3 11.5 10.0 NO $100
RI3 Copper, annealed soft-drawn 0,75 209.3 200.3 1.5 209.3 200.3 11.5 10.0 NO $100
R14 Copper. annealed noft.drawn 075 209.0 213.0 1.5 209.0 213.0 11,5 10.0 NO $100
Rt5 Copper, annealed soft-drasvn 0.75 209.3 231.3 1.5 209.3 231.3 11.5 10.0 NO $100
RIO Copper. annealed soft-drawn 0.75 209.3 279.3 1.5 209.3 279.3 11.5 10.0 NO SlO0
R17 Copper. annealed soft.drasvn 0.75 209.3 263.0 1.5 209.) 263.0 11,5 10.0 NO Sloe
RIO Copper, annealed soft-drasvn 0.75 244.3 108.0 1.5 244.3 188.0 11.5 10.0 NO $100
R19 Copper, annealed soft-drasen 0.75 244.3 202.0 1.5 244.3 202.0 11.5 10.0 NO SlOO
R20 Copper, annealed sofl-drasvn 0.75 244,6 220.3 1.5 244.6 220.3 11,5 10.0 NO $100
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Location:

Contract:

Engineer:

4.7.4C

Study Case: GRD2

Date: 01-27-2004

SN: PROCOMMTSI

Filename: GLP-Patrick-Steelon

Distant Future 115kV Consideration

Rod Data:

R2l Copper, annealed soft-drasvn

Copper, annealed soft-drown

Copper. annealed soft-drawn

Copper, annealed soft-drawn

Copper, annealed soft-drasvn

Copper, annealed soft-drawn

Capper, annealed safl.drasvn

Capper. annealed soft-drawn

Copper, annealed soft-drawn

Copper. annealed saft-drawn

Copper, annealed soft-drawn

Copper, annealed sofl-drasvo

Capper, annealed snft-drassn

Capper, annealed saft-drasvn

Copper, annealed soft-drasro

Copper, attnealed soft-drasvn

Copper, annealed soft-drawn

Cappet, annealed snft-dtawa

Copper. annealed snft-drasvn

Capper, atotealed soft-draws

Capper, annealed saft-drasro

Capper, annealed soft-drawit

Copper, annealed saft-drasvn

Capper. annealed saft-drasvn

Copper. annealed saft-drasvn

Cappet. annealed soft-drawn

Capper. annealed saft-drasso

Copper, annealed saft-drasvn

Copper, annealed soft-drasrs

Capper, annealed saft-drasvo

Copper, annealed saft-drasvn

Copper, annealed soft-drasvn

Copper, atsnealed snft-drasvtt

Copper, annealed soft-drawtr

Copper. annealed saft-drasvn

Capper, annealed soft-drasvn

Copper, annealed soft-drawn

Capper, annealed soft-drasrn

Copper, annealed snft-drasvn

Capper, annealed saft-drasvtt

Copper, anttealed soft-drawn

Capper. annealed saft-drasvn

075 258.6 182.3

0.75 262,6 182.0

0.75 258.3 211.6

0.75 262.3 211.0

0.75 275.6 182.3

075 275.0 196.3

0.75 275.3 210.3

0.75 286.6 196.3

0.75 286.3 210.3

0.75 292.6 210.0

0.75 274.6 218,6

0.75 275.0 246.0

0.75 282.3 231.0

0.75 206.3 231.0

0.75 291.6 219.0

0.75 209.6 246.3

0.75 261.6 253.6

0.75 273.3 253.3

0.75 284.3 253.3

0.75 273.3 264.6

0,75 284.6 264.6

0,75 284.0 274.6

0,75 299.6 181.6

0,75 305.0 181.3

0.75 299,6 197.0

0.75 304.3 197.0

0.75 299,3 209.6

0.75 304,0 209.6

0,75 305.0 227.6

0.75 304,6 240,0

0.75 299.6 253.0

0,75 305.0 253,0

11.75 299.0 266.0

0,75 304.6 266.0

0.75 299,0 277.3

0.75 304.6 277.3

0.75 321.0 161.6

0.75 321.3 165.0

0.75 342.0 148.3

0.75 346,3 148.3

0.75 350.3 148.3

1.5 258.6 182.3

1,5 262,6 182,0

1.5 258.3 211,6

1.5 262.3 211,0

1.5 275,6 102.3

1.5 275.0 196.3

1.5 275.3 210.3

1.5 286.6 196.3

1.5 286,3 210.3

1.5 292,6 210.0

1.5 274.6 218.6

1.5 275.0 246.0

1.5 282.3 231.0

1.5 286.3 231.0

1.5 291.6 219.0

1.5 289.6 246.3

1.5 261.6 253.6

1.5 273.3 253,3

1.5 284.3 253.3

1,5 273,3 264.6

1.5 284.6 264.6

1.5 284.0 274.6

1.5 299.6 181.6

.5 305.0 181.3

1.5 299.6 197.8

1.5 304.3 197,0

1.5 299.3 209.6

1.5 304.0 209.6

1.5 305.0 227.6

1.5 304.6 240.0

1.5 299.6 253.0

1.5 305.0 253.0

1.5 299.0 266.0

1.5 304.6 266.0

1.5 299,0 277.3

1.5 304.6 277,3

1.5 321,0 161.6

1.5 321.3 165.0

1,5 342,0 148,3

1,5 346.3 148.3

1.5 350.3 148.3

11.5 10.6 NO $100

11,5 10.0 NO $100

11.5 10.0 NO $100

1.5 10.0 NO Sl00

11.5 10.0 NO $100

11.5 10.0 NO $100

11.5 10.9 NO $100

11.5 10.0 NO $100

11.5 0.0 NO $100

11.5 10.0 NO $100

11.5 0.0 NO $100

11.5 10.5 NO $100

11.5 15.0 NO $100

11.5 10.0 NO $180

11.5 10.0 NO Sl60

11.5 10.0 NO $106

11.5 0.1) NO $100

11.5 10.0 NO $100

11.5 5.0 NO $100

11.5 10.5 NO $100

11.5 10.0 NO $100

11.5 10.8 NO $106

Hi 10.0 NO $100

11.5 10.0 NO $100

11.5 10.0 NO $100

11.5 10.0 NO $160

11.5 10.0 NO $100

11.5 10.0 NO $100

11.5 0.0 NO $100

11.5 10.0 NO $100

11.5 10.0 NO $100

11.5 10.0 NO StOO

11.5 0.0 NO $100

11.5 0.0 NO $100

11.5 10,0 NO $100

11.5 10.0 NO StOO

11.5 10.0 NO 5100

11.5 10.0 NO $100

11.5 10.0 NO 5100

11.5 10,0 NO 5100

II.) 0.0 NO $100

Type
Diameter

inch

From

x V Z

To

x V Z

0.75 244.6 235.3 1.5 244.6 235.3 11.5 10.0 NO $105

Length Insulated
ft Yes/No

Cost
S/ft

Label

022

1023

1024

1025

1026

1027

1028

1029

1030

1031

R32

R33

1034

1035

036

1037

1038

R39

040

041

R42

1043

1044

1045

1046

1047

1048

1049

1050

1051

1052

1053

1054

1055

R56

R57

1058

R59

1060

1061

1062
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Rod Data:

Date: 01-27-2004

SN: PROCOMMTSI

Filename: GLP-Patrick-Steelon

Label

R64

065

066

067

068

R69

070

071

072

073

R74

075

076

R77

078

079

080

081

R82

R83

084

R85

086

087

R88

089

090

09

092

093

094

R95

R96

097

098

R99

0105

RtOl

0102

0153

RI 04

To

z x y
Length Instilated

Z ft Yes/No

11.5 10.0 NO $100

11.5 10.8 NO $100

11.5 0.0 NO $185

11.5 10.0 NO $100

11.5 10.0 NO $100

11.5 10.1) NO $100

11.5 0.0 NO $100

11.5 0.0 NO $100

11.5 11.0 NO $100

11.5 10.0 NO 5100

11.5 10.0 NO $100

11.5 10.0 NO $100

11.5 10.0 NO $100

11,5 10,0 NO $100

11.5 10.0 NO $100

11.5 10.0 NO $100

11.5 10.0 NO 5100

11.5 10.0 NO 5100

11.5 10.0 NO $100

11.5 10.0 NO $100

11.5 10.0 NO $100

11.5 10.0 NO SlOO

11,5 10.0 NO $100

11.5 10.0 NO $100

11.5 10.0 NO Sl00

11.5 10.0 NO $100

11.5 10.0 NO $100

11.5 10.0 NO SlOO

11,5 10,0 NO $100

11.5 10.0 NO $100

11.5 10,0 NO $100

11.5 10.0 NO $100

11.5 10.0 NO $100

11.5 10.0 NO $100

11.5 10.0 NO StOs

11.5 10.0 NO $100

10,5 10.0 NO 5100

10.5 100 NO $100

10.5 10.0 NO $100

10.5 10.0 NO $100

10.5 10.0 NO $100

Location:

Contract:

Ettgitteer:

4.7.4C

$tady Case: GRO2

Type

063 Copper, annealed saft-drawn

Ditttneter From

inch X Y

0.75 354.0 148.3 1.5 354,0 (40.3 11.5 10.0 NO 5100

Cost
S/ft

Copper, annealed soft-drawn

Copper, annealed saft-drasva

Capper, annealed soft-drawn

Copper, annealed saft-drasvn

Copper. annealed soft-drawn

Capper, annealed soft-drawn

Capper, annealed soft-drawn

Copper, annealed soft-drawn

Copper, annealed soft-drawn

Capper. annealed soft-drass’n

Copper, annealed soft-drawn

Copper, annealed soft-drawn

Copper, annealed soft-drawn

Copper, annealed soft-drawn

Copper, annealed soft-drasvn

Copper, annealed soft-drawn

Copper. arsnealed soft-drasvn

Copper. annealed soft-drawn

Copper. annealed saft-drasvn

Capper, annealed soft-drawn

Copper, annealed soft-drawn

Capper, annealed soft-drawn

Copper, annealed saft-drass’n

Copper, aonealect soft-drasvn

Copper, annealed soft-drasvn

Copper, annealed snft-drasvn

Copper, annealed soft-drasvn

Copper, annealed soft-drasvn

Capper, annealed saft-drasvn

Copper, annealed soft-drasvn

Copper, annealed toft-drasvrr

Capper, asnealed ssft-drasvn

Copper, anneated saft-drasvn

Copper, annealed soft-drawn

Copper. annealed soft-drass’n

Copper, annealed ssft-drass’n

Copper, annealed safr-drasvn

Cnptrer, annealed soft-drasvn

Copper, annealed soft-drasvn

Copper, annealed soft-drasvo

Copper, annealed ssft-drasvrt

0.75 348.3 162.3

0.75 348.0 157.6

0.75 367.6 162.0

0.75 367.3 157.0

0.75 390.0 148.3

0.75 394.3 148.0

0.75 390.6 140.3

0.75 402.6 140.0

0.75 399.6 150.0

0.75 399.6 162.6

0.75 429.6 158.6

0.75 429.6 162.6

0.75 460.3 140.0

0.75 454.0 148.0

0.75 449.3 148.0

0.75 443.6 147.6

0.75 470.0 156.3

0.75 470.6 160.0

0.75 308.6 287.3

0.75 308.3 291,0

0.75 337.0 288.3

0.75 337.0 291.6

0.75 369 3 280.3

0.75 369.0 292.3

0.75 392.6 287.6

0.75 392.3 291.3

0.75 416.0 287.3

0.75 416.3 292.0

0.75 462.0 287.3

0.75 462.3 291.0

0 75 402.0 277.0

0.75 406.6 277.0

9.75 402.0 262.3

0.75 406.3 262.3

0.75 401.6 251.3

0.75 405,3 251,3

0.75 162.0 7.0

0.75 220.0 6.0

0.75 272.0 7.0

0.75 328.0 0.0

0.75 397.8 6.0

1.5 348.3

1.5 348.0

1.5 367.6

1.5 367.3

1.5 390.0

1.5 394.3

1.5 390.6

(.5 402.6

1.5 399.6

1.5 399.6

.5 429.6

1.5 429.6

1.5 460.3

1.5 454.0

1.5 449.3

1.5 443.6

(.5 470.0

1.5 470.6

(.5 308.6

1,5 308.3

1,5 337.0

1.5 337.0

1.5 369.3

1.5 369.0

1.5 392.6

1.5 392.3

1.5 416.0

I 5 416.3

1,5 462.0

1.5 462.3

1.5 402.0

1.5 406.6

1.5 402.0

1.5 406.3

1.5 401.6

1,5 405.3

0.5 162.0

0.5 220.0

0.5 272.0

0.5 328.0

0.5 397.0

162,3

157.6

162.8

157,0

148.3

148.0

140.3

(48.0

158.0

162.6

158.6

162.6

148.0

148.0

140.0

147.6

156,3

160.8

287.3

291.8

288.3

291.6

280.3

292.3

287.6

291.3

207.3

292.0

207.3

291.0

277.0

277.0

262.3

262.3

251.3

251.3

7.0

6.0

7.0

8.5

6.0
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Project: ETAP PowcrStatjon
Page: 8

Location: 4.7.4C
Date: 01-27-2004

Contract:
SN: PROCOMMTSJ

Ettginecr: Study Case: GRD2 Filename: GLP-Patrick-Steelon

Distant Future 115 kV Consideration

Rod Data:

Diameter
Length Insulated CostLabel Type inch V Z X V Z ft Yes/No S/ft

Rt05 Copper, asnealed soft-drawn 0.75 459.0 4.0 0.5 459.0 14.0 0.5 10.0 NO SItU
R106 Copper, annealed soft-drawn 0.75 516.0 20.0 0.5 5t6.0 20.0 t0.5 0.0 NO $100
R107 Copper, annealed soft-drawn 0,75 575.0 30.0 0.5 575.0 30.0 10.5 10.0 NO $100
Rt08 Copper, annealed soft-drasvn 0.75 594.0 50.0 0.5 594.0 50.0 18.5 10.0 NO 8100
Rt09 Copper, annealed soft-draws 0.75 606.8 77.0 0.5 606.0 77.0 10.5 10(1 NO $190
RI tO Copper, annealed soft-drawn 0.75 606.0 112.0 0,5 606.0 112.0 10.5 10.0 NO $100
RI II Copper, annealed soft-drosvn 0.75 607.0 52.0 0.5 607.0 152.0 10.5 10.0 NO $100
RI 2 Copper, anneoled ssft-drasvn 0.75 605.0 195.0 0.5 605.0 195,0 0.5 10.0 NO $100
RI 13 Copper, annealed soft-drawn 0.75 606.0 268.0 0.5 606.0 268.0 0.5 0.0 NO $100
RI 14 Copper, annealed snft-drasyn 0.75 604,0 324.0 0.5 604.0 324.0 10.5 10.0 NO $100
RII5 Copper, annealed soft-drawn 0.75 606.0 392.0 0.5 606.0 392,0 10.5 10.0 NO $100
RI 6 Copper, annealed soft-drawn 0.75 223.0 345.0 0.5 223.0 345,0 0.5 0.0 NO $100
RI 17 Copper, annealed ssft-drasvn 0.75 226.0 410.0 0.5 226.0 4 I 0.0 I0,5 10 0 NO $100
RI tO Copper, annealed soft-drasvn 0.75 119,0 343.0 0.5 119.0 343,0 10.5 10.0 NO $tOO

1’ 1(119 Copper. annealed soft-drasvn 0.75 120.0 246,0 0.5 120.0 246.0 10.5 10.0 NO $100
R120 Copper, annealed soft-drown 0,75 122.0 224.0 0.5 22.0 224.0 0.5 00 NO $100
R121 Copper, annealed soft-drosvn 0.75 20.0 56.0 0.5 120.0 56.0 10.5 10.0 NO $100
1(122 Copper, annealed soft-drawn 0.75 250,0 411.0 0.5 258.0 411.0 10.5 10.0 NO $100

Cost:

Conductor Rod

‘total ‘rotal Length ‘rotal Total Length ‘rotal
No. ft Cost No. ft Cost Cost

117 3,754.6 $12,390 123 1,230.0 $123,000 $135,390
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Project: ETAP PowerStation
Page 9

Location: .4C
Date: 01-27-2004

Contract:
SN: PROCOMMTSI

Engineer: Study Case: GRD2 Filename: GLP-Patrick-Stcelon

Distant Future 115kv Consideration

Ground Grid Summary Report

Rg GPR Maximum Touch Potential Maximum Step Potential
Ground Ground “

-,-.——-—,—.-.—,---—-,-.

Coordinates (ft) Coordinates (ft)Resistance Potential Rise folerable Calculated Calculated Tolerable Calculated Calculated
Ohm Volts Volts Volts % X y volts volts % X V

t.54 2,875,9 1,428.5 1,794.6 25.6 563.3 392.1 5,048.1 444.5 8,8 606.00 392.80

l’otal Fault Current 20.110 kA Reflection Fnctor (K): -0.860

Maximuns Grid Current: 1.865 kA Surface Layer Derating Factor (Cs): 0.906

Decrement Factor (Dl): 1.030

Warninga:

The nsaxinsuns Toucls Voltage exceeds the tolerable limits
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312 Mary St. E. (t) 807.622.2233

p . Thunder Bay, ON. (f) 807.622.7164

vvr ech esigns P7E 4J9 (c) 807.627.2321

(e) pwrtech@tbaytel.net

6.8 WATSONTS

6.8.1 Soil Resistivity Measurement Locations

OiFv?
TO R.A. DUUFUD

GENERATING STATION

/
XM3

GATE

M4x
XM5 XM6 XM2

MAIN
GATE

XMl
(ROAD)

REMOTE EARTH
MEASUREMENT

June 14, 2004 Project No.: 03-014-02 Report Page 80
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312 Mary St. E. (t) 807.622.2233

p . Thunder Bay, ON. (f) 807.622.7164

wr ech esigns
(e) pwrtech@tbaytel.net

6.8.2 Resistivity Measurement

Soil resistivity has been calculated based on the following:

P=2yraR

a = Rod Spacing

R = Resistivity Measurement

Measurement . Resistance Calculated Soil
. Probe SpacingLocation Measured Resistivity

Ml 2.0M 114Q 1432 QM
M2 2.0 M 389 Q 4888 cM
M3 2.0M 479Q 6019M
M4 2.OM 3222 4046
M5 0.305 M 244 Q 467 M
M6 0.305M 764Q 1463c2•M

Modeling Values Used:

1. Surface Stone 1463M

2. Upper Surface Sand/Gravel 4000 2M

3. Lower Surface Sand/Rock 4000 QM

6.8.3 Ground Resistance Measurements

Measurement Location:

The test ground electrode used is indicated on the measurement location sketch

6.8.1. Current probe Cl was located in a westerly direction along roadway, 800 ft.

from test electrode. Potential probe P1 measurements were made at the significant

intervals between test electrode and current probe Cl.

Measurements obtained:

Position No. Distance Resistance
1 160ft. 3.50c
2 200ft. 4.27Q
3 320ft 6.66Q
4 400ft 7.282
5 480ft 9.98Q
6 600ft 16.70c
7 700ft 25.00

June 14, 2004 Project No.: O3014-02 Report Page 81
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312 Mary St. E. (t) 807.622.2233

p Thunder Bay, ON. (f) 807.622.7164

vvr ech esig ns P7E 4J9 (c) 807.627.2321

(e) pwrtech@tbaytel.net

The Slope Method was used to calculate soil resistivity. Refer to Appendix 9.1 for

supporting methodology.

Distance calculation for value R

R1 — 0 2 x 800’ — 160’

F?2 —04x800’—320’

F?3 =0.6x800’=480’

Remote Distance Curve Calculation:

R3—R2 = 9.98—6.66
105

R2—R1 6.66—3.50

From Table VII in Appendix 9.2:

p of 1.05 = Pt/C of 0.531

Distance of potential probe to represent remote earth soil resistivity

= 0.531 x 800’ = 425’to Probe P1

Measured Value = 8.2 2

6.8.4 Stone Coverage Area

On a percentage basis, approximately 100% of the area inside the substation fenced

enclosure does have a stone cover. Stone depth was measured at 0.0254 M. The

stone cover and sand/gravel/rock subsoil contained moisture and was damp. This is

reflected in the ground resistance measurements.

June 14, 2004 Project No.: 03-014-02 Report Page 82
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312 Mary St. E. (t) 807.622.2233

p Thunder Bay, ON. (f) 807.622.7164

ivr ech esigns P7E4J9

(e) pwrtech@tbaytel.net

6.8.5 Allowable Safe Step and Touch Potentials

Based on Surface Layer De-rating Factor (Cs)

0.09 (1
—

Cs=1- PS

2h5 + 0.09

=i_I_0.156
0.140

=l—(—)l.114

=2.11

P=40001)•M

P =1463QM

h5 =0.0254M

Safe Step Potential

EStep(SO) [1000 + 6c5P5j* 0.116

=[1000+6*2.11*1463]* 0.116

=19522*0.164

= 3202 Volts

EStep(7O) = [1000 + 6C5P5]* 0.157

=[l000+6*2.11*1463]* 0.157

= 19522 * 0.222

= 4334 Volts

June 14, 2004 Project No.: 03-014-02 Report Page 83
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PwrTech Designs
312 Mary St. E.
Thunder Bay, ON.
P7E 4J9

(e) pwrtech@tbaytel.net

(t) 807.622.2233
(f) 807.622.7164

(C) 807.627.2321

Safe Touch Potential

0.116
ETOUCh(5o) [1000+1.5CsPsl*

0.116=[l000+1.s*2.11*1463J*

=5630*0.164

923 Volts

0.157
ETOUChC70) [1000+1.5CsPs]*

* 0.157=[l000+1.s*2.11*1463]

= 5630 * 0.222

= 1250 Volts

6.8.6 Total Resistance to Remote Earth

R =P*+
IiLLT

= 4000 *

= 4000 *{0.00013 + 0.0029*1978]

= 4000 * 0.0059

23.5 2

1 1 1

June 14, 2004 Project No.: 03-014-02 Report Page 84
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312 Mary St. E. (t) 807.622.2233

p Thunder Bay, ON. (f) 807.622.7164

wr ech esigns
(e) pwrtech@tbaytet.net

LT = Buried conductors and rods

= 7643 M

A = Ground grid area

= 5923 M2

h = Depth of grid

=0.381M

P = Resistivity

=40000•M

6.8.7 Current Grid Split Factor Determination

To calculate Sf based on IEEE Std. 80-2000 Annex C.

Based on 2 Transmission I 3 Distribution Lines

Rg Measured 8.2 0 (selected for calculation)

R9 Calculated = 23.5 0

RgModeled =22.140

Method A (Interpolation Required)

Table C. 1 2T I 2D Rtg = 100 0 Rdg = 200 0 R + JX = 1.63 + J0.324

Zg=
(1.63+10.324) _..1.662_01690

(8.2 + 1 .63 + 10.324) 9.835

TableC.1 2T/4D Rtg =1000 Rdg =2000 R+JX =1.09+10.208

Zg=
(1.09+10.208) .1.11001190

(8.2 + 1.09 + 10.208) 9.292

0.169+0.119
Approximate Split Factor

= 2
= 14%

Method B (Interpolation Required)

2T I 2D 100% Remote Contribution Pg = 8.2 0

Rtg =1000 dg =2000 FigureC.4

June 14, 2004 Project No.: 03-014-02 Report Page 85
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312 Mary St. E. (t) 807.622.2233

p . Thunder Bay, ON. (f) 807.622.7164

vvr ech esig ns P7E 4J9 (C) 807.627.2321

(e) pwrtech@tbaytel.net

Sf r17%

2T I 4D 100% Remote Contribution Rg = 8.2 Q

Rtg =100 Rdg =200Q FigureC.4

Sf =13%

Approximate Split Factor
= 17±13

15%

Comparing methods A and B, assign S,. for 115 kV system of 15%.

6.8.8 Symmetrical Grid Current (ia)

i c’ *1
‘g ‘‘f ‘F

=0.15*2.983kA

=0.447kA

Sf =15%

IF =L—G value from G.L.P.

=2.983kA

6.8.9 Maximum Grid Current (IG)

I fl *1
‘G’’f ‘g

=1.026*0.447kA

= .46 kA

Df =1.026

=0.447kA

June 14, 2004 Project No.: 03-014-02 Report Page 86
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312 Mary St. E. (t) 807.622.2233

p . Thunder Bay, ON. (f) 807.622.7164

wr ech esigns
(e) pwrtech@tbaytel.net

6.8.10 Calculated Ground Potential Rise (GPR)

GPR —R */ *103
Hand 9 G

=23.5*0.46*103

= 10810 Volts

GPR —R *1 *103
Measured — g G

=8.2*0.46*103

= 3772 Volts

6.8.11 Comparison of Modeled Values and Results

Modeled Step and Touch voltage values have not been compared to manual

calculated values.

Manual calculated values could not be completed as per the methodologies of IEEE

80-2000 Section 16.5.1 and 16.5.2 due to the irregularity and complexity of the

existing grounding grid layout. Refer to Sections 16.7 and 16.8 of the referenced

standard. Additionally, the R.A.Dunford Generating Station yard grid and

Powerhouse grid are interconnected to the Watson TS ground grid. Also a separate

grounding plate has been located in the Dunford GS head pond.

6.8.12 Fence Grounding and Condition Comments

The boundary fence is tied to the substation ground grid. Measured resistance

between fence and ground grid is 0.522 Q.

A visual inspection of the fence and gate grounding was completed. The condition of

each thermoweld was inspected and the continuity of each jumper was confirmed.

This is a relatively new ground grid installation. We found no issues with the fence

and fence grounding.

June 14, 2004 Project No.: 03-014-02 Report Page 87
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312 Mary St. E. (t) 807.622.2233

p . Thunder Bay, ON. (f) 807.622.7164
wr ech esigns

(e) pwrtech@tbaytel.net

6.8.13 Above Grade Equipment Ground Audit

An audit of all bonding and grounding associated with electrical distribution

equipment, supporting towers and structures, fences and gates was completed. All

bare ground wire connections were assessed including both thermoweld and

mechanical configurations. Bare ground wire sizes were measured and compared to

the engineering drawing provided by Great Lakes Power. For reference, this drawing

is number SD-20620 rev.0. We have also obtained the R.A. Dunford Generating

Station ground grid drawings. For reference, these drawings are KD-379001, KD

309001 and KD-309002 all rev. 0

6.8.14 Comments

1. An accurate computer model of the Watson TS could not be constructed for

analysis. Factors affecting model integrity include interconnection of the Dunford

GS transformer yard and associated Powerhouse grid, remote grounding plate in

the head pond.

2. We have calculated the Ground Potential Rise based on measured remote earth

resistance.

3. It is recommended that additional site measurements be taken to confirm the

validity of the initial site measurements.

June 14, 2004 Project No.: 03-014-02 Report Page 88
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312 Mary St. E. (t) 807.622.2233

p . Thunder Bay, ON. (f) 807.622.7164

vvr ech esig ns P7E 4J9 (c) 807.627.2321

(e) pwrtech@tbaytel.net

6.8.15 COMPUTER MODEL OUTPUT RESULTS FOR THE 115 kV SYSTEM

System Data:

Body Weight 70 kg

Fault Current (IF) 2.983 kA

X/R ratio 9.87

Division Factor (SF) 15%

Projection Factor (Ce) 100%

Fault Duration (T, 7, T) 0.5 sec.

Plot Step 3 ft.

Summary Report:

Ground Resistance (Rg) N/A c2

Ground Potential Rise (GPR) N/A V

Tolerable Touch Potential 1250 V

Calculated Touch Potential N/A V

Tolerable Step Potential 4335V

Calculated Step Potential N/A V

Modeled Results Not Obtainable.

June 14, 2004 Project No.: 03-014-02 Report Page 89
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PwrTech Designs
312 Mary St. E.
Thunder Bay, ON.
P7E 4J9

(e) pwrtech@tbaytel.net

(t) 807.622.2233
(f) 807.622.7164
(c) 807.627.2321
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wr ech esigns
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312 Mary St. E. (t) 807.622.2233

p . Thunder Bay, ON. (f) 807.622.7164

vvr ech esigns P7E 4J9 (c) 807.627.2321
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9.0 Appendix

1. Appendix 9.1 NETA World —Slope Method

2. Appendix 9.2 Selected pages from “Getting Down to Earth” — Biddle Megger

Instruments.

3. Appendix 9.3 Fault Levels for Grounding Measurements

4. Appendix 9.4 Selected page from IEEE Std 80-2000
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______

Tech ]jps

lope Method
he fall-of-potential method described in the previous column is the
most general and most thorough way to perform a ground test. How

ever, while this method has a sound theoretical base, it may suffer from
physical limitations when applied to the practical world. One of the most
common limitations is the frequent necessity, depending on size of the
ground grid and other site considerations, to employ test leads that are
too long. The theory supporting the fall-of-potential method is based on
“ideal” test conditions, which include the separation of the electrical fields
surrounding the test ground and the separation of the current probes
from each other. If the test is being performed on a single-rod residential
ground in a suburban neighborhood with plenty of yard space and not
too many fences, the ideal test conditions can be accomplished without
even pondering it. The graph of the readings obtained by walking the
potential probe at regular intervals toward the current probe will reveal
the extent of the two respective fields of influence. If it does not, there is
no serious problem. The tester will just need to get some more lead wire,
extend the current probe into the neighbor’s yard, and repeat the proce
dure. The measurement and the proof of its validity are self-contained.

But, suppose the test technician is faced with one or both of two com
mon situations — an enormous ground grid and little or no room. A large
grid, such as the type that underlies a substation or encircles a transmis
sion tower, will have a proportionately large electrical field in the soil.
Getting the current test probe placed beyond this influence typically takes
several multiples of the diagonal dimension. This can come out to sev
eral hundred feet and be prohibitive. Also, the environment might not
even allow reasonable space since the site could be in a downtown area,
surrounded by interstate highways, or contain a neighbor who is a psycho
known to shoot trespassers! What then? Are you out of business? Not at
all! Rest assured, many test technicians have encountered these and other
daunting situations, and methods have been devised to complete the test
so they could proceed with business as usual.

The most tried-and-true of these methods is known as the slope method.
It was first described by Dr. C. F. Tagg in Paper #62975, Institution of
Electrical Engineers (lEE) Proceedings, Volume 117, No. 11, November
1970. The method is based on calculus and the “rate of change of slope.”
The slope method simplifies the mathematical theory.

by Jeff Joweh’
AVO International

Picture this: A substation grid is
to be tested in an industrial area
encircled by railroad tracks, busy
highways, and fenced properties.
Perhaps even a river flows by cut
ting off a whole side. It appears to
be a nightmare! The technician fol
lows standard operating proce
dures and does a fall-of-potential
test by staking out whatever lim
ited room he or she can manage in
the most open direction. But the
current probe isn’t far enough
away. As the graph is plotted, the
rising resistance curve associated
with the grid runs directly into the
curve from the test probe. The two
“ends” of the fall-of-potential
graph have been compressed to
gether, thereby eliminating the pla
teau between which marks the de
sired measurement. The point at
which the limit of resistance asso
ciated with the grid occurs may be
somewhere in the graph, but no
amount of eyeballing will distin

The Official Publication of the InterNational Electrical Testing Association Summer 2002

Summer 2002 1
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guish where grid resistance stops and probe resis
tance begins. However, the slope method can make
this distinction!

The critical data points will be measurements
made with the potential probe placed at 0.2, 0.4,
and 0.6 times the distance to the current probe.
These points are called R1, R.,, and R3, respectively.
These positions are chosen because readings taken
too close to the grid will have errors since the cur
rent flow can not be approximated to that from a
hemisphere, upon which the theory is based. Too
great a distance will bring errors from the influ
ence of the current spike. The latter is positioned
somewhat arbitrarily, but it is best to obtain as
much distance as the site will allow.

While these three readings are the ones that will
be put through the mathematical exercise, the op
erator may find it useful to take additional read
ings and to construct a partial graph. Since the elec
trical center of the grid is not known, precise mea
surements and a neat graph, such as could be ob
tained from a single ground rod, are not possible.
Rather, any graph will begin somewhere along the
rising curve from the test electrode. Plotting a num
ber of additional points may seem pointless, but,
in fact, it serves as a safety net to eliminate local
ized abnormal highs and lows that could make the
subsequent calculation unintelligible or even result
in a negative value. This additional step helps to
eliminate obviously “bad” readings from further
consideration and can be of use in final analysis,
as will be explained.

Next, the slope coefficient (i’)’ showing the
rate of change of slope, can be calculated from
the formula:

A relationship can be derived between the slope
coefficient, the distance to the current probe (dc),
and the distance at which the potential probe
would measure the true earth resistance (dr,). A
table can be commonly found in the literature,

which gives the value ofd1/d for various values of p..
From this table a simple equation yields the distance at
which the potential probe should be placed using the
known distance to the current probe. Supposing that the
critical measurements are 2.1, 4.8, and 6.6 ohms, and the
distance to the “C” probe is 100 feet, let’s look at a sample
calculation:

6.6 —4.8 = = 0.667
4.8 — 2.1 2.7

Looking up the mu (p.) value of 0.667 from the stan
dard table yields a slope coefficient (di,r/dc) of 0.6027.
As the distance to the current probe (do) is known, we
can solve for di,r:

d/d = 0.667 dpT = 0.667 x 100 = 66.7 feet to P probe

Therefore, if the potential probe were placed at this
distance, the reading would indicate the measurement
of ground resistance. Finding the measurement of ground
resistance could be accomplished by physically moving
the probe to that point or if a partial graph had been con
structed, as was mentioned earlier, the reading could be
taken from the graph. If the crew isn’t especially fond of
math they could take a sufficient number of data points
back to the lab for a supervisor or engineer to analyze.
Note that our example also coincided nicely with the well
known “62 percent rule” for potential probe spacing,
which will be discussed in a future column.

But the crew is not done yet. Recall that the method
“may” find the point at which ground resistance ceases
to increase. There are a number of problems even this
specialized technique may not address. For example,
what if the current probe is within the ground field? For
large grids, this may well be so. An obvious indication is
when the calculated mu value cannot be found on the
table. If this happens, some more room must be found in
order to move the current probe further.

Even when an intelligible calculation is achieved from
this method, however, it is still risky to rely on a single
test. In order to eliminate localized effects and uncharac
teristic readings, it is better to proof the reading through
additional tests taken in other directions and at greater
probe distances. It may be found that the readings get
lower with distance, but this is only because the shorter
tests were performed too close. With increasing distances,
readings will begin to come together. That agreement pro
rides assurance the measurement is reliable.

Although the slope method requires extra work one
will find that this method is an indispensable ally for the
most difficult test sites.

In the next issue we will examine some additional
methods for handling tight spaces.

Jeffrey R. Jowett is Senior Applications Engineer for AVO Interna
tional in Valley Forge, PA, serving the manufacturing lines of Biddle®,
Megger®, and Multi-Amp® for electrical test and measurement in
strumentation. He holds a BS iii biology and chemistry from Ursinus
College. He was employed for 22 years with James G. Biddle Co.
which became Biddle Instruments and AVO are now Megger.

Ground
Electrode

Under
Test (X)

Potential
Probe (P)

Current
Probe (C)

Distance of Potential Probe from X (d,)

MeterCenter - 2046 West Peninsula Cr., Chandler, AZ 85248 Tel: 480-659-8351 Toll Free (800) 230-6008

EB-2009-0408 
Exhibit 10 
Tab 1 
Schedule 2 
Appendix 66(i) 
161 of 165



Table VII: Values of Pt/C for Various Values of t

a PT/C PT/C PIC

0.40 0.643 0.80 0.580 1.20 0.494
0.41 0.642 0.81 0,579 1.21 0491
0.42 0.640 0.82 0.577 1.22 0488
0.43 0.639 0.83 0.575 1.23 0:486
0.44 0.637 0.84 0.573 1.24 0.483
0.45 0.636 0.85 0.571 1.25 0.480
0.46 0.635 0.86 0.569 1.26 0.477
0.47 0.633 0.87 0.567 1.27 0.474
0.48 0.632 0.88 0.566 1.28 0.471
0.49 0.630 0.89 0.564 1.29 0.468
0.50 0.629 0.90 0.562 1.30 0.465
0.51 0.627 0.91 0,560 1.31 0.462
0.52 0.626 0.92 0.558 1.32 0458
0.53 0.624 0.93 0.556 1.33 0:455
0.54 0.623 0.94 0.554 1.34 0452
0.55 0.621 0.95 0.552 1.35 0448
0.56 0.620 0.96 0.550 1.36 0445
0.57 0.618 0.97 0.548 1.37 0:441
0.58 0.617 0.98 0.546 1.38 0438
0.59 0.615 0.99 0.544 1.39 0:434
0.60 0.614 1.00 0.542 1.40 0.431
0.61 0.612 1.01 0.539 1.41 0.427
0.62 0.610 1.02 0.537 1.42 0423
0.63 0.609 1.03 0.535 1.43 0:418
0.64 0.607 1.04 0.533 1.44 0.414
0.65 0.606 LOS 0.531 1.45 0.410
0.66 0.604 1.06 0.528 1.46 0.406
0.67 0.602 1.07 0.526 1.47 0.401
0.6$ 0,601 1.08 0.524 1.48 0397
0.69 0.599 1.09 0.522 1.49 0:393
0.70 0.597 1.10 0.519 1.50 0.389
0,71 0.596 1.11 0.517 1.51 0.384
0.72 0.594 1.12 0.514 1.52 0379
0.73 0.592 1.13 0.512 1.53 0374
0.74 0.591 1.14 0,509 1.54 0:369
0.75 0.589 1.15 0.507 1.55 0.364
0.76 0.587 1.16 0.504 1.56 0.358
0.77 0.585 1.17 0.502 1.57 0.352
0.78 0.584 1,18 0.499 1.58 0.347
0.79 0.582 1.19 0.497 1.59 0.341

47
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Line-to-ground Fault Current Contributions from Remote Source

March 28, 2004

System Station Fault Remote Station Total Contribution X/R
Location Source(s) Ground Fault from Remote Ratio

Grid Current Source(s)
Resistance

Existing Hollingsworth 115 kV Anjigami TS 13.10 ohm 3030 A 2248 A
TS terminals 1 15 kV

of Ti
Distant Hollingsworth 115 kV Anjigami TS 13.10 ohm 3541 A 2622 A
Future TS terminals 1 15 kV

of Ti
Existing Magpie TS 115kV 5.7 ohm 3305 A 3305 A 9.1

Bus
Distant Magpie TS 115 kV 5.7 ohm 3621 A 3621 A 9.1
Future Bus
Existing Clergue TS HV side LSP, - 9882 A 9882 A 9.0

of MT1 Steelton TS
Distant Clergue TS HV side LSP, - 15438 A 15438 A 7.1
Future of MT1 Steelton TS
Existing Watson TS 115 kV Magpie TS, 8.2 ohm 4209 A 2570 A 9.8

terminals Anjigami TS
of Ti

Distant Watson TS 115 kV Magpie TS, 8.2 ohm 4763 A 2983 A 9.87
Future terminals Anjigami TS

of Ti
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12.3 Effect of currertt magn1tud
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Soil resistivity in the vicinity of ground electrodes may be affected by current flowing from the electrode.s
into the surrounding soiL The therreal characteristics and the moistum contunt of the soil will determine if a
current of a given magnitude and üatior, will cause signiflcaritdrying and thus increase the effective soil
resistivity. A conservative value of cur-rent density, as given by Armstrong [B4), is net to exceed 200 Aim2
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12.4 Effect of moisture, temperature, andchemical content

Electrical conduction m soils is essentially electrolytic For this season the resistivity of most sods rises
abruptly thenever th moisture content accrnrnts f& less than 15% of it soil weight F he amount of
ltuher depends upon the grain size, compactness, and variability of the grain sizes. Hówevs
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1.0 INTRODUCTION AND SCOPE OF WORK 
 

Great Lakes Power Limited retained the services of ABB Inc, Power Technology 

Services, located in Thunder Bay to perform Ground Grid Measurements and 

Assessment of three transmission stations. The transmission substations to be 

studied are:  

1. Goulais TS 

2. Batchawana TS 

3. Northern TS 

KMH Engineering was retained by ABB Inc. to provide computer modeling analysis 

and technical review of results. 

The objectives of the study are to measure and document the following: 

• Stone coverage of the area 

• Stone quality 

• Inventory of single conductor loops or connections above ground occurrences. 

• Confirmation of grid wire size in selected areas. 

• Soil resistivity. 

• Measured/calculated grid resistance to remote earth. 

• Measured/calculated potential rise and comparison to modeled values. 

• Connection resistances between grid and fence, integrity along fence and 
integrity of gates. 

• Ensure that all accessible non-current carrying metal structures and equipment 
are maintained at the same potential. 

• All measurements and calculations will be in accordance with the standard 
IEEE 80-2000. 
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2.0 EXECUTIVE SUMMARY 
Great Lakes Power Limited retained the services of ABB Inc., Power Technology 

Services, located in Thunder Bay to perform Ground Grid Measurements and 

Assessments of Goulais TS, Batchawana TS and Northern TS. 

KMH Engineering was retained by ABB Inc. to provide computer modeling analysis 

and technical review of the results. 

Section 1.0 details the requirements and objectives of the study. Generally these 

may be summarized as: 1) Measurement of resistance to remote earth 2) Soil 

resistivity measurements 3) Physical condition of the fence, bonding connections and 

other above grade concerns 4) calculated step, touch and GPR values in comparison 

to tolerable potentials 5) Recommendations to rectify deficiencies.  

Field measurements were made on October 24th and 25th, 2007. Environmental 

conditions for the preceding week and measurement dates averaged 10˚C and 

precipitation for the week was 54mm. 

 

Engineering drawings of the installed ground grids were provided to ABB by Great 

Lakes Power. These drawings were of the new modifications only. The original 

installed grid was generally a point to point system and step and touch analysis 

would not conform to the methodologies of IEEE standard 80-2000. We have ignored 

the original grid in our analysis and calculations, however if connected to the new 

grid will prove beneficial. Fault values as provided by Great Lakes Power are based 

on the 2007 distribution system. 

The analysis and recommendations are detailed in Section 6.0 of the report but are 

consolidated in this section: 

Goulais TS: 

• Calculated Touch, Step and Ground Potential Rise are within tolerable levels. 

• Surface material throughout the substation is of variable type and quality. Add 

a uniform layer of washed crushed stone across the grounding electrode area 

and 1 meter on both sides of the substation fence. 
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• Erosion occurring because of runoff crossing yard. Restore drainage ditch to 

prevent erosion. 

• Ensure 230kV skywire is not bonded to ground grid. 

Batchawana TS: 

• Tolerable Touch Potentials have been exceeded at the eastern boundary line 

of the fence enclosure. We recommend extending the buried ground grid to the 

south and east and connect to the existing fence ground loop. A new fence 

loop should be installed 1 meter outside the fence along with the washed 

crushed stone covering. 

• Surface material throughout the substation is of variable type and quality. Add 

a uniform layer of washed crushed stone across the grounding electrode area 

and 1 meter on both sides of the substation fence. 

Northern TS: 

• Calculated Touch, Step and Ground Potential Rise values are within tolerable 

levels. 

• The metal storage building adjacent to the substation appears to be connected 

to the ground grid. The transfer potential to the building is quite high. If building 

isolation is deemed not to be a requirement then install a building perimeter 

ground loop and crushed stone to achieve safe touch potential.  

• Investigate the interconnection tie between the substation and metal storage 

building.  If required ensure two separate connections exist. 

• Extended the crushed stone covering layer to 0.3M beyond the extent of the 

grounding grid conductors. 
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3.0 MEASUREMENT APPARATUS and METHODOLOGY 

The earth resistance tester used to measure soil resistivity is manufactured by Biddle 

Megger Instruments; model DET2/2 Auto Earth Tester. 

 

For all transmission substations measured, the “Tagg Slope Method” was used. 

Refer to the Appendix for a description of this methodology. Details of measurements 

and results are shown in the specific substation tab in Section 6.0.  
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4.0 ENVIRONMENTAL CONDITIONS 
 

Field measurements were made on October 24th and 25th 2007. 

 

Weather conditions for the preceding week in the Sault Ste Marie area averaged 

10˚C with the average low being 6˚C. The total precipitation for the week was 

54mm.  

 

Environmental conditions were not a significant factor in measured results. 
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5.0 COMPUTER SOFTWARE 
 

Safe Engineering Services (SES) AutoGrid Pro, application version 13.1.61.0 was 

used for the analysis. Methodologies of IEEE Standard 80-2000 are considered in 

modeled methodologies and reported results. 
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6.0 DETAIL SUBSTATION RESULTS 
6.1 Goulais TS  

6.1.1 Resistivity Measurements 
 Two soil measurements were obtained. We selected the measurement along 

Highway 17 as being reflective of conditions. Soil resistivity has been calculated 

based on the following: 

 
2
Rod Spacing

= Resistivity Measurement

P aR
a
R

π=
=  

  

Measurement 
Location Probe Spacing Resistance 

Measured 
Calculated Soil 

Resistivity 
M1 1.52 M 2.26 Ω 21.6 Ω•M 
M1 3.04 M 0.958 Ω 18.5 Ω•M 
M1 6.08 M 0.606 Ω 23.2 Ω•M 
M1 15.24 M 0.35 Ω 33.5 Ω•M 
M1 30.48 M 0.199 Ω 38.1 Ω•M 

 
6.1.2 Total Resistance to Remote Earth Measurement (Rg) 

One measurement for Total Resistance to Remote Earth was obtained. No additional 

measurements were obtained due to interference or obstructions around the 

substation.  The measurement was taken in a northerly direction almost parallel with 

Highway 17. The test electrode was located at the corner of the substation fence 

closest to the road. 

 

Current probe C2 was located 800 ft. from the test electrode. Potential probe P2 

measurements were made at significant intervals between test electrode and current 

probe C2. 

Measurements obtained: 

Position No. Distance Resistance 
1 160 ft. 0.238 Ω 
2 320 ft. 0.275 Ω 
3 480 ft. 0.340 Ω 
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The Tagg Slope Method was used to calculate remote earth resistance. Refer to 

Appendix for supporting methodology. 

 

Distance calculation for value R 

= =

= =

= =

1

2

3

0.2 x 800' 160 '
0.4 x 800' 320'
0.6 x 800' 480 '

R
R
R

 

Remote Distance Curve Calculation: 

μ
− −

= = =
− −

3 2

2 1

0.340 0.275 0.915
0.309 0.238

R R
R R

 

From Tagg Slope Method tables in Appendix:  

μ  of 0.915 = Pt/C of 0.559 

Distance of potential probe to represent remote earth resistance 

= =0.559 x 800 ' 447 ' to Probe P2  

Measured Value = 0.289 Ω   

 
6.1.3 Allowable Safe Step and Touch Potentials 

Tolerable Step and Touch Potentials have been obtained from the SES technical 

report at the end of this section. These results are based on a surface covering layer 

throughout the substation of gravel which we have assigned a resistivity value of 

2000 Ω•M. The methodologies of IEEE Std. 80-2000 have been used to establish 

these tolerable limits. Tolerable Step Potential limits are 2268V and tolerable Touch 

Potentials are 725V. 

The Ontario Electrical Safety Code Rule 36-304 indicates Tolerable Step potentials 

of 3143V and Tolerable Touch potentials of 885V. These are based on a 3000 Ω•M 

covering layer of crushed stone, 150 mm deep and a fault clearing time of 0.5 

seconds. Calculated values, based on present conditions, are different than values 

as indicated in the Code above. Analysis has been considered on actual installed 

conditions. 
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6.1.4 Ground Potential Rise Calculation 

Current Grid Split Factor Determination 

To calculate fS  based on IEEE Std. 80-2000 Annex C Figure C-2. 

Based on 1 Transmission / 1 Distribution Lines 

gR Measured  = 0.289 Ω 

100% Remote Contribution  

= Ω100tgR   = Ω200dgR  Figure C.2 

= 90%fS  

We have assigned a split factor of 90%. 

 

Symmetrical Grid Current ( )gI  
 

=

=

=

=

= −

=

g

F

*

0.90 * 3.77

3.39

90%

value from G.L.P.

3.77

f F

f

I S I

kA

kA

S

I L G

kA

 

 
Maximum Grid Current ( )GI  

=

=

=

=

=

G

g

*

1.052 * 3.39

3.57

1.052

3.39

f g

f

I D I

kA

kA

D

I kA
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Calculated Ground Potential Rise ( )GPR  

=

=

=

3

3

* * 10

0.289 * 3.57 * 10

1032 Volts

Measured g GGPR R I

 

 
6.1.5 Substation Condition Report 

Fence Grounding and Condition Comments 

A visual inspection of the fence and gate grounding was completed. The condition of 

each thermoweld was inspected and the continuity of each jumper was confirmed. 

There were no apparent bonding issues associated with the fence or gate. 

The fence needs to be straightened and aligned in certain areas. Additionally, some 

vegetation is growing over/through the fence and should be removed. 

We have confirmed that the boundary fence is tied to the substation ground grid. 

Above Grade Equipment Ground Audit 

An audit of all bonding and grounding associated with the electrical distribution 

equipment, supporting towers and structures, fences and gates was completed. All 

bare ground wire connections were assessed including both thermoweld and 

mechanical configurations. Bare ground wire sizes were compared to the 

engineering drawings provided by Great Lakes Power. For reference, these drawings 

are SD-27105 Rev. 3 and C-90306-G Rev.1. 

We did not find issues of equipment not being bonded throughout the substation. 

The gradient control mats for disconnects 587, 585 and 583 had only one tie point 

which is contrary to the Ontario Electrical Safety Code rule 360310 (2) (a) which 

requires two.  

Surface Conditions 

The surface covering throughout the majority of the substation yard consisted of 

gravel and rock. We have considered this material to have a resistivity of 2000 Ω•M. 

There are areas at the south end of the yard where the surface covering material is 
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not gravel and the resistivity will be substantially lower and subsequently the 

tolerable touch and step potentials will decrease. 

Drainage is also a major problem in this yard. Water flowing off of the rock structure 

on the east side of the yard has washed away all of the gravel and surface covering 

over the gradient control mates. Erosion around the structures is apparent. Drawing 

C-90306-G indicates a drainage ditch surrounding the electrical equipment. This is 

not present and should be reviewed. 

 
6.1.6 Computer Model Output Results 

System Data: 
Body Weight 70 kg 

Fault Current ( )FI  3.77 kA 

X/R ratio 20 

Division Factor ( )FS  90% 

Fault Duration ( , , )f c sT T T  0.5 sec. 

Plot Step 3 ft. 

 

Summary Report: 

Ground Resistance ( )gR  0.26 Ω 

Ground Potential Rise (GPR) 867 V 

Tolerable Touch Potential 725 V 

Calculated Maximum Touch Potential 407 V 

Tolerable Step Potential 2268 V 

Calculated Maximum Step Potential 90 V 

 
6.1.7 Analysis and Recommendations 

1. The surface material throughout the substation varies. Present Code 

requirements, specifically rule 36-304 (5), indicates “ the ground surface covering 

layer shall exist throughout the station grounding electrode area, including all 

areas in which metallic structures electrically connected to the station are to be 

found and shall extend at least 1 meter beyond the station grounding electrode 

area on all sides”.  We recommend adding a uniform layer of washed crushed 
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stone across grounding electrode area and 1 meter on both sides of substation 

fence. 

2. Restore drainage ditch to prevent erosion in yard. 

3. Ensure 230KV skywire is not bonded to ground grid. We have not considered this 

connection and impact in our assessment. 

4. Calculated Touch, Step and Ground Potential Rise values are within tolerable 

levels. 

6.1.8 Computer Model Plots 

1. Grounding grid layout 

2. Touch Voltages – all points 

3. Touch Voltages – unsafe points 

4. Step Voltages – all points 

5. Step Voltages – unsafe points 

6. Ground grid performance report 
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Ground Grid Performance 22-February-2008 11:23:56 AM

 Report #1:

*******************************************************************************
************************************************
AUTOGRID PRO USER INPUT DATA REPORT
Creation Date/Time:     22 Feb 2008/11:22:13
*******************************************************************************
************************************************

----------------------------------------------------------------
Input Data Summary Reports
----------------------------------------------------------------

System Data Summary
     C:\Program Files\SESSoftware 2005\Goulais TS\Scenario1\Results\System 
Input.rep
Requested Computation Reports and Plots 
     C:\Program Files\SESSoftware 2005\Goulais TS\Scenario1\Results\User 
Input.rep

----------------------------------------------------------------
Graphics option chosen
----------------------------------------------------------------
Computation Plots
     Touch Voltages
          Show All Values
          Show Unsafe Values Above Selected Safety Threshold

     Step Voltages
          Show All Values
          Show Unsafe Values Above Selected Safety Threshold

     Electric Network Configuration

     Soil Resistivity Measurement Interpretation

     Fault Current Distribution
          Section Span Currents
          Shunt Tower Currents
          Shunt Tower Potentials
          One Terminal Plot
          Terminal Number     ...................  1
          All Sections Selected

Configuration Plots
     Grounding System Configuration

----------------------------------------------------------------
Types of plot selected
----------------------------------------------------------------
Computation Plots
     2D Spot
     2D Contour
     3D Perspective

Configuration Plots
     3D Perspective
     Top View

Auto Grid Pro [Project: Goulais TS; Scenario: Scenario1]Page 1

File: C:\Program Files\SESSoftware 
2006\GrarepWorkspace\session9\TempReport.txt
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 End of Report #1

 Report #2:

*******************************************************************************
************************************************
AUTOGRID PRO SYSTEM INPUT DATA REPORT
Creation Date/Time:     22 Feb 2008/11:22:13
*******************************************************************************
************************************************

-------------------------------------------------------------------------------
------------------------------------------------
Project Summary
-------------------------------------------------------------------------------
------------------------------------------------
Run Identification .......................... Scenario1
System of Units ............................. Metric
Radius Measured in .......................... Meters
Frequency ................................... 60 Hz

-------------------------------------------------------------------------------
------------------------------------------------
Soil Structure (deduce soil structure from field resistivity measurements)
-------------------------------------------------------------------------------
------------------------------------------------
Measurement method...........................Wenner
Type of measurement..........................Resistance
Probe depth option...........................Account for Probe Depth

Measurement      Spacing S   Apparent    Depth of    Depth of    
Number           (Meters)    Resistance  Current     Potential   
                             R (Ohms)    Probes Do   Probes Di   
                                         (Meters)    (Meters)    
--------------------------------------------------------------------------
R1               1.52        2.26        0.152       0.152       
R2               3.04        0.958       0.152       0.152       
R3               6.08        0.606       0.152       0.152       
R4               15.24       0.35        0.152       0.152       
R5               30.48       0.199       0.152       0.152       

-------------------------------------------------------------------------------
------------------------------------------------
Network Fault Current Distribution
-------------------------------------------------------------------------------
------------------------------------------------
Average soil characteristics along electric lines:
     Resistivity(Ohm-m) .......................... 100
     Relative Permeability (p.u.) ................ 1

Central site definition: 
     Name ........................................ 

Auto Grid Pro [Project: Goulais TS; Scenario: Scenario1]Page 2
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     Ground Impedance (To be deduced from grounding computations)

-------------------------------------------------------------------------------
------------------------------------------------
Safety
-------------------------------------------------------------------------------
------------------------------------------------
Determine Safety Limits for Touch and Step Voltages
Maximum GPR of Grid (Volts) ................. 5000
     Safety Threshold for Touch Voltages ......... 725.4 V
     Safety Threshold for Step Voltages .......... 2268.4 V
Generation of observation points is user-defined.
     Grid Border Offset for Touch Voltages ....... 1 m
     Grid Border Offset for Step Voltages ........ 3 m

----------------------------------------------------------------
The computation results are written in the following reports:
----------------------------------------------------------------
Soil Resistivity Measurement Interpretation
     C:\Program Files\SESSoftware 2005\Goulais TS\Scenario1\Results\Soil 
Structure.rep
Ground Grid Perfomance
     C:\Program Files\SESSoftware 2005\Goulais TS\Scenario1\Results\Ground 
Grid Performance.rep
Safety Assessment
     C:\Program Files\SESSoftware 2005\Goulais TS\Scenario1\Results\Safety.rep
Resistivity Comparison
     C:\Program Files\SESSoftware 2005\Goulais 
TS\Scenario1\Results\Resistivity Comparison.rep
List of Materials
     C:\Program Files\SESSoftware 2005\Goulais TS\Scenario1\Results\Bill of 
Materials.rep

 End of Report #2

 Report #3:

 =========< R E S I S T I V I T Y  ( SYSTEM INFORMATION SUMMARY ) >=========

 Run ID......................................: Scenario1           
 System of Units ............................: Meters 
 Soil Type Selected..........................: Multi-Layer Horizontal
 RMS error between measured and calculated...:   9.66626    in percent
 resistivities (Note RMS=SQRT(average(Di**2)).

         <--- LAYER CHARACTERISTICS -->   Reflection    Resistivity
  Layer   Resistivity       Thickness     Coefficient    Contrast
 Number     (ohm-m)         (Meters)        (p.u.)        Ratio
 ======  ==============  ==============  ============  ============
    1      infinite        infinite          0.0           1.0
    2      21.70898        7.367156       -1.0000       0.21709E-18
    3      46.62044        infinite       0.36458        2.1475    

 **WARNING** MORE THAN ONE SOIL MODEL CAN PRODUCE SIMILAR APPARENT RESISTIVITY
             MEASUREMENT CURVES. IF YOU USE THE DEFAULT STEEPEST-DESCENT 
METHOD,
             THEN YOU WILL MOST OFTEN OBTAIN DECENT AGREEMENT BETWEEN MEASURED

Auto Grid Pro [Project: Goulais TS; Scenario: Scenario1]Page 3

File: C:\Program Files\SESSoftware 
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             VALUES AND THE COMPUTED CURVE, WITH A REALISTIC SOIL MODEL; 
HOWEVER,
             THE FIT MAY OCCASIONALLY BE SUB-OPTIMAL. IN SUCH CASES, THE 
MARQUARDT 
             METHOD WILL USUALLY YIELD AN EXCELLENT FIT, BUT MAY SOMETIMES 
SUGGEST 
             EXTREME RESISTIVITY VALUES. NOTE THAT DIFFERENT SOIL MODELS WILL 
USUALLY
             YIELD SIMILAR RESULTS FOR YOUR GROUNDING SYSTEM MODELS (I.E., 
GPR, TOUCH &  
             STEP VOLTAGES), PROVIDED THAT THE GROUNDING SYSTEM IS LOCATED 
CLOSE TO
             THE EARTH SURFACE. IF IN DOUBT, CHECK YOUR RESULTS WITH BOTH SOIL 
MODELS.

 End of Report #3

 Report #4:

****************************************************************
Resistivity Comparison
Creation Date/Time:     22 Feb 2008/11:22:14
****************************************************************

Comparison of Measured & Computed Apparent Resistivities
========================================================

       C1-C2 SPACING  APPARENT RESISTIVITY  DISCREPANCY
POINT    (meters)     MEASURED    COMPUTED  Di (percent)
=====  =============  ========    ========  ===========
   1     4.56000       21.71       21.76          0.23
   2     9.12000       18.33       22.09         20.53
   3     18.2400       23.16       23.85          3.00
   4     45.7200       33.52       31.59          5.76
   5     91.4400       38.11       38.81          1.84
                                             =========
                         Average discrepancy:     6.27%

RMS ERROR BETWEEN MEASURED AND CALCULATED RESISTIVITIES :

                                  9.67 percent

                   *NOTE* RMS = SQRT( average(Di**2) )

 End of Report #4

 Report #5:

****************************************************************
List of Materials
Creation Date/Time:     22 Feb 2008/11:22:14
****************************************************************

Auto Grid Pro [Project: Goulais TS; Scenario: Scenario1]Page 4
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Interconnection / Bonding Nodes ....................... 87
Extent of Grounding System ............................ 5104.75 (Square Meters)
Surface Layer Thickness ............................... 15 (Centimeters)
Volume of Insulating Layer ............................ 765.713 (Cubic meters)
Wet Resistivity of Insulating Surface Layer ........... 2000 (Ohm-m)

Grounding System Data

Number of Rods                Length (m)       Diameter (m)     
----------------------------------------------------------------
32                            3                0.019            

Number of Grid Conductors     Length (m)       Diameter (m)     
----------------------------------------------------------------
1                             21.031           0.0134           
1                             22.5834          0.0134           
3                             24.1112          0.0134           
1                             23.8979          0.0134           
4                             12               0.0134           
1                             33.1065          0.0134           
1                             29.9111          0.0134           
1                             24.0576          0.0134           
1                             15.086           0.0134           
1                             18.045           0.0134           
1                             19.3467          0.0134           
1                             20.9497          0.0134           
1                             22.4609          0.0134           
1                             25.5626          0.0134           
1                             6                0.0134           
5                             24               0.0134           
1                             18.0028          0.0134           
1                             12.2826          0.0134           
1                             7.73762          0.0134           
1                             26.673           0.0134           
1                             6.26506          0.0134           
1                             13               0.0134           
1                             15               0.0134           
1                             32.3397          0.0134           
1                             64.5             0.0134           
1                             83               0.0134           
1                             71               0.0134           
1                             26               0.0134           
1                             39.8497          0.0134           
1                             1.28706          0.0134           
1                             16.9003          0.0134           

Total Length of Grid Conductors (m)            Diameter (m)             
----------------------------------------------------------------
956.21                                         0.0134           
96                                             0.019            

 End of Report #5

 Report #6:
Date of run (Start) = Friday,22 February 2008
Starting Time = 11:22:15 AM
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>>Safety Calculation Table

System Frequency....................................:  60.000(Hertz)
System X/R..........................................:  20.000
Surface Layer Thickness.............................:  15.000(cm)
Number of Surface Layer Resistivities...............:  8
Starting Surface Layer Resistivity..................:  NONE
Incremental Surface Layer Resistivity...............:  500.00(ohm-m)
Equivalent Sub-Surface Layer Resistivity........... .:  21.709(ohm-m)

Body Resistance Calculation.........................:  IEEE Std.80-2000
Fibrillation Current Calculation....................:  IEEE Std.80-2000 (70kg)
Foot Resistance Calculation.........................:  IEEE Std.80-2000
User Defined Extra Foot Resistance..................:  0.0000  ohms

==============================================================================
 Fault Clearing Time (sec)  |      0.125    |      0.250    |      0.500    |
+----------------------------+---------------+---------------+---------------+
 Decrement Factor           |        1.192  |        1.101  |        1.052  |
 Fibrillation Current (amps)|        0.444  |        0.314  |        0.222  |
 Body Resistance      (ohms)|      1000.00  |      1000.00  |      1000.00  |
==============================================================================

==========================================================================
         |                 Fault Clearing Time                 |        |
 Surface |-----------------+-----------------+-----------------|  Foot  |
  Layer  |   0.125  sec.   |   0.250  sec.   |   0.500  sec.   | Resist |
 Resist  |-----------------|-----------------|-----------------|  ance  |
  ivity  |  Step  |  Touch |  Step  |  Touch |  Step  |  Touch | 1 Foot |
 (ohm-m) |Voltage |Voltage |Voltage |Voltage |Voltage |Voltage | (ohms) |
         |(Volts) |(Volts) |(Volts) |(Volts) |(Volts) |(Volts) |        |
==========================================================================
  NONE   |   423.1|   385.2|   323.9|   294.9|   239.8|   218.3|    67.8|
|---------+--------+--------+--------+--------+--------+--------+--------+
    500.0|  1292.0|   602.4|   989.0|   461.1|   732.1|   341.4|  1233.9|
|---------+--------+--------+--------+--------+--------+--------+--------+
   1000.0|  2195.8|   828.4|  1680.9|   634.1|  1244.2|   469.4|  2446.8|
|---------+--------+--------+--------+--------+--------+--------+--------+
   1500.0|  3099.5|  1054.3|  2372.6|   807.1|  1756.3|   597.4|  3659.6|
|---------+--------+--------+--------+--------+--------+--------+--------+
   2000.0|  4003.2|  1280.2|  3064.4|   980.0|  2268.4|   725.4|  4872.4|
|---------+--------+--------+--------+--------+--------+--------+--------+
   2500.0|  4906.9|  1506.1|  3756.1|  1152.9|  2780.4|   853.4|  6085.1|
|---------+--------+--------+--------+--------+--------+--------+--------+
   3000.0|  5810.5|  1732.1|  4447.9|  1325.9|  3292.5|   981.5|  7297.9|
|---------+--------+--------+--------+--------+--------+--------+--------+
   3500.0|  6714.2|  1958.0|  5139.6|  1498.8|  3804.5|  1109.5|  8510.6|
|---------+--------+--------+--------+--------+--------+--------+--------+
* Note * Listed values account for short duration asymmetric waveform
         decrement factor listed at the top of each column.

 End of Report #6

 Report #7:

 DATE OF RUN (Start)= DAY 22 / Month  2 / Year 2008
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 STARTING TIME= 11:22:15:27

 ===========< G R O U N D I N G    ( SYSTEM INFORMATION SUMMARY ) >===========

 Run ID......................................: Scenario1           
 System of Units ............................: Metric
 Earth Potential Calculations................: Single Electrode Case
 Type of Electrodes Considered...............: Main Electrode ONLY
 Soil Type Selected..........................: Multi-Layer Horizontal
 SPLITS/FCDIST Scaling Factor................:  0.90000    
1
1

     MULTI-LAYER EARTH CHARACTERISTICS USED BY PROGRAM

     LAYER  TYPE  REFLECTION    RESISTIVITY     HEIGHT   
      No.         COEFFICIENT   (ohm-meter)     METERS
     ----- ------ ------------- ------------- -------------
       1   Air     0.00000      0.100000E+21   100000.    
       2   Soil  -0.999990       21.7090       7.36716    
       3   Soil   0.364579       46.6204      0.100000E+11
1

 CONFIGURATION OF MAIN ELECTRODE
 ===============================

 Original Electrical Current Flowing In Electrode..:   3771.0     amperes
 Current Scaling Factor (SPLITS/FCDIST/specified)..:  0.90000    
 Adjusted Electrical Current Flowing In Electrode..:   3393.9     amperes
 Number of Conductors in Electrode.................:    72
 Resistance of Electrode System....................:  0.25557     ohms

 SUBDIVISION
 ===========
 Grand Total of Conductors After Subdivision.:   262

 Total Current Flowing In Main Electrode......:   3393.9     amperes
 Total Buried Length of Main Electrode........:   1052.2     meters

 EARTH POTENTIAL COMPUTATIONS
 ============================

 Main Electrode Potential Rise (GPR).....:   867.40     volts

 End of Report #7
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6.2 Batchawana TS 

6.2.1 Resistivity Measurements 
 One soil measurement was obtained. Conditions were the same on both the east 

and west side of the substation, the only areas suitable for measurement. 

Soil resistivity has been calculated based on the following: 

 
2
Rod Spacing

= Resistivity Measurement

P aR
a
R

π=
=  

  

Measurement 
Location Probe Spacing Resistance 

Measured 
Calculated Soil 

Resistivity 
M1 1.52 M 17.3 Ω 166.0 Ω•M 
M1 3.04 M 3.25 Ω 62.2 Ω•M 
M1 6.08 M 1.04 Ω 39.9 Ω•M 
M1 15.24 M 0.52 Ω 49.4 Ω•M 
M1 30.48 M 0.29 Ω 56.1 Ω•M 

 
6.2.2 Total Resistance to Remote Earth Measurement (Rg) 

One measurement for Total Resistance to Remote Earth was obtained. No additional 

measurements were obtained due to interference or obstructions around the 

substation.  The measurement was taken in an easterly direction almost parallel with 

Highway 17. The test electrode was located at the corner of the substation fence 

closest to the road (south east corner).  

 

Current probe C2 was located 800 ft. from the test electrode. Potential probe P2 

measurements were made at significant intervals between test electrode and current 

probe C2. 

Measurements obtained: 

Position No. Distance Resistance 
1 160 ft. 0.32 Ω 
2 320 ft. 0.38 Ω 
3 480 ft. 0.44 Ω 

 

The Tagg Slope Method was used to calculate remote earth resistance. Refer to 

Appendix for supporting methodology. 
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Distance calculation for value R 

= =

= =

= =

1

2

3

0.2 x 800' 160'
0.4 x 800' 320'
0.6 x 800' 480'

R
R
R

 

Remote Distance Curve Calculation: 

μ
− −

= = =
− −

3 2

2 1

0.44 0.38 1.0
0.38 0.32

R R
R R

 

From Tagg Slope Method tables in Appendix:  

μ  of 1.0 = Pt/C of 0.542 

Distance of potential probe to represent remote earth resistance 

= =0.542 x 800 ' 433 ' to Probe P2  

Measured Value = 0.43 Ω   

 
6.2.3 Allowable Safe Step and Touch Potentials 

Tolerable Step and Touch Potentials have been obtained from the SES technical 

report at the end of this section. These results are based on a surface covering layer 

throughout the substation of gravel which we have assigned a resistivity value of 

2000 Ω•M. The methodologies of IEEE Std. 80-2000 have been used to establish 

these tolerable limits. Tolerable Step Potential limits are 2435V and tolerable Touch 

Potentials are 767V. 

The Ontario Electrical Safety Code Rule 36-304 indicates Tolerable Step potentials 

of 3143V and Tolerable Touch potentials of 885V. These are based on a 3000 Ω•M 

covering layer of crushed stone, 150 mm deep and a fault clearing time of 0.5 

seconds. Calculated values, based on present conditions, are different than values 

as indicated in the Code above and are more stringent. Analysis has been 

considered on actual installed conditions. 
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6.2.4 Ground Potential Rise Calculation 

Current Grid Split Factor Determination 

To calculate fS  based on IEEE Std. 80-2000 Annex C Figure C-2. 

Based on 1 Transmission / 1 Distribution Lines 

gR Measured  = 0.43 Ω 

100% Remote Contribution  

= Ω100tgR   = Ω200dgR  Figure C.2 

= 90%fS  

We have assigned a split factor of 90%. 

 

Symmetrical Grid Current ( )gI  
 

=

=

=

=

= −

=

g

F

*

0.90 * 3.05

2.75

90%

value from G.L.P.

3.05

f F

f

I S I

kA

kA

S

I L G
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Maximum Grid Current ( )GI  

=

=

=

=

=

G

g

*

1.052 * 2.75
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Calculated Ground Potential Rise ( )GPR  

=

=

=

3

3

* * 10

0.43 * 2.89 * 10

1243 Volts

Measured g GGPR R I

 

 
6.2.5 Substation Condition Report 

Fence Grounding and Condition Comments 

A visual inspection of the fence and gate grounding was completed. The condition of 

each thermoweld was inspected and the continuity of each jumper was confirmed. 

There were no apparent bonding issues associated with the fence or gate. 

We have confirmed that the boundary fence is tied to the substation ground grid. 

The man gate within the vehicle gate at the main entrance does not have a flexible 

bonding jumper.  

Above Grade Equipment Ground Audit 

An audit of all bonding and grounding associated with the electrical distribution 

equipment, supporting towers and structures, fences and gates was completed. All 

bare ground wire connections were assessed including both thermoweld and 

mechanical configurations. Bare ground wire sizes were compared to the 

engineering drawing provided by Great Lakes Power. For reference, this drawing is 

SD-27508 Rev. 2. 

We did not find issues of equipment not being bonded throughout the substation. 

The gradient control mats for some disconnects were not adequately covered with 

surface material. A #6 SDBC conductor on a skywire connection near grounding 

switch 594GR was broken. This was a looped connection and the other side was still 

connected to the skywire (maintenance item). 

Surface Conditions 

The surface covering throughout the majority of the substation yard consisted of 

gravel, rock and sand. We have considered this material to have a resistivity of 2000 

Ω•M. The entire area under the HV disconnects had a covering of sand. It was also 
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lower than the remaining yard and obviously an area for water to flow to and collect. 

The buried ground grid in this area was only 150mm below grade contrary to the 

450mm burial depth required on the engineering drawing. 

 
6.2.6 Computer Model Output Results 

System Data: 
Body Weight 70 kg 

Fault Current ( )FI  3.05 kA 

X/R ratio 20 

Division Factor ( )FS  90% 

Fault Duration ( , , )f c sT T T  0.5 sec. 

Plot Step 3 ft. 

 

Summary Report: 

Ground Resistance ( )gR  0.61 Ω 

Ground Potential Rise (GPR) 1687 V 

Tolerable Touch Potential 767 V 

Calculated Maximum Touch Potential 1182 V 

Tolerable Step Potential 2435 V 

Calculated Maximum Step Potential 292 V 

 
6.2.7 Analysis and Recommendations 

1. The surface material throughout the substation varies. Present Code 

requirements, specifically rule 36-304 (5), indicates “ the ground surface covering 

layer shall exist throughout the station grounding electrode area, including all 

areas in which metallic structures electrically connected to the station are to be 

found and shall extend at least 1 meter beyond the station grounding electrode 

area on all sides”.  We recommend adding a uniform layer of washed crushed 

stone across grounding electrode area and 1 meter on both sides of substation 

fence. 

2. Tolerable Touch Potentials have been exceeded. The areas of concern are 

generally on the east side of the yard. The touch potential increases from the 
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main grid easterly towards the area of the boundary fence which is the highest 

potential. We recommend extending the buried ground grid to the south east and 

connecting to the existing fence loop and to the new recommended loop. 

3. The present fence ground loop is installed inside the fence. We recommend 

installing a ground loop 1 meter outside the fence with the appropriate surface 

covering layer. 

4. Ensure 230KV skywire is not bonded to ground grid. We have not considered this 

connection and impact in our assessment. 

Computer Model Plots 

1. Grounding grid layout 

2. Touch Voltages – all points 

3. Touch Voltages – unsafe points 

4. Step Voltages – all points 

5. Step Voltages – unsafe points 

6. Ground grid performance report 
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Ground Grid Performance 20-February-2008 5:33:00 PM

 Report #1:

*******************************************************************************
************************************************
AUTOGRID PRO USER INPUT DATA REPORT
Creation Date/Time:     20 Feb 2008/17:31:20
*******************************************************************************
************************************************

----------------------------------------------------------------
Input Data Summary Reports
----------------------------------------------------------------

System Data Summary
     C:\Program Files\SESSoftware 2005\Batchawana TS\Scenario1\Results\System 
Input.rep
Requested Computation Reports and Plots 
     C:\Program Files\SESSoftware 2005\Batchawana TS\Scenario1\Results\User 
Input.rep

----------------------------------------------------------------
Graphics option chosen
----------------------------------------------------------------
Computation Plots
     Touch Voltages
          Show All Values
          Show Unsafe Values Above Selected Safety Threshold

     Step Voltages
          Show All Values
          Show Unsafe Values Above Selected Safety Threshold

     Soil Resistivity Measurement Interpretation

Configuration Plots
     Grounding System Configuration

----------------------------------------------------------------
Types of plot selected
----------------------------------------------------------------
Computation Plots
     2D Spot

Configuration Plots
     Top View

 End of Report #1

 Report #2:

*******************************************************************************
************************************************
AUTOGRID PRO SYSTEM INPUT DATA REPORT
Creation Date/Time:     20 Feb 2008/17:31:20
*******************************************************************************
************************************************

Auto Grid Pro [Project: Batchawana TS; Scenario:
Scenario1]

Page 1

File: C:\Program Files\SESSoftware 
2006\GrarepWorkspace\session8\TempReport.txt

EB-2009-0408 
Exhibit 10 
Tab 1 
Schedule 2 
Appendix 70(i) 
38 of 75



-------------------------------------------------------------------------------
------------------------------------------------
Project Summary
-------------------------------------------------------------------------------
------------------------------------------------
Run Identification .......................... Scenario1
System of Units ............................. Metric
Radius Measured in .......................... Meters
Frequency ................................... 60 Hz

-------------------------------------------------------------------------------
------------------------------------------------
Soil Structure (deduce soil structure from field resistivity measurements)
-------------------------------------------------------------------------------
------------------------------------------------
Measurement method...........................Wenner
Type of measurement..........................Resistance
Probe depth option...........................Account for Probe Depth

Measurement      Spacing S   Apparent    Depth of    Depth of    
Number           (Meters)    Resistance  Current     Potential   
                             R (Ohms)    Probes Do   Probes Di   
                                         (Meters)    (Meters)    
--------------------------------------------------------------------------
R1               1.52        17.34       0.152       0.152       
R2               3.04        3.25        0.152       0.152       
R3               6.08        1.042       0.152       0.152       
R4               15.24       0.516       0.152       0.152       
R5               30.48       0.293       0.152       0.152       

-------------------------------------------------------------------------------
------------------------------------------------
Network Fault Current Distribution
-------------------------------------------------------------------------------
------------------------------------------------
Average soil characteristics along electric lines:
     Resistivity(Ohm-m) .......................... 100
     Relative Permeability (p.u.) ................ 1

Central site definition: 
     Name ........................................ 
     Ground Impedance (To be deduced from grounding computations)

-------------------------------------------------------------------------------
------------------------------------------------
Safety
-------------------------------------------------------------------------------
------------------------------------------------
Determine Safety Limits for Touch and Step Voltages
Maximum GPR of Grid (Volts) ................. 5000
     Safety Threshold for Touch Voltages ......... 767.2 V

Auto Grid Pro [Project: Batchawana TS; Scenario:
Scenario1]

Page 2

File: C:\Program Files\SESSoftware 
2006\GrarepWorkspace\session8\TempReport.txt
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     Safety Threshold for Step Voltages .......... 2435.3 V
Automatic Generation of Observation Points.
     Grid Border Offset for Touch Voltages ....... 2 m
     Grid Border Offset for Step Voltages ........ 3 m

----------------------------------------------------------------
The computation results are written in the following reports:
----------------------------------------------------------------
Soil Resistivity Measurement Interpretation
     C:\Program Files\SESSoftware 2005\Batchawana TS\Scenario1\Results\Soil 
Structure.rep
Ground Grid Perfomance
     C:\Program Files\SESSoftware 2005\Batchawana TS\Scenario1\Results\Ground 
Grid Performance.rep
Safety Assessment
     C:\Program Files\SESSoftware 2005\Batchawana 
TS\Scenario1\Results\Safety.rep
Resistivity Comparison
     C:\Program Files\SESSoftware 2005\Batchawana 
TS\Scenario1\Results\Resistivity Comparison.rep
List of Materials
     C:\Program Files\SESSoftware 2005\Batchawana TS\Scenario1\Results\Bill of 
Materials.rep

 End of Report #2

 Report #3:

 =========< R E S I S T I V I T Y  ( SYSTEM INFORMATION SUMMARY ) >=========

 Run ID......................................: Scenario1           
 System of Units ............................: Meters 
 Soil Type Selected..........................: Multi-Layer Horizontal
 RMS error between measured and calculated...:   12.2392    in percent
 resistivities (Note RMS=SQRT(average(Di**2)).

         <--- LAYER CHARACTERISTICS -->   Reflection    Resistivity
  Layer   Resistivity       Thickness     Coefficient    Contrast
 Number     (ohm-m)         (Meters)        (p.u.)        Ratio
 ======  ==============  ==============  ============  ============
    1      infinite        infinite          0.0           1.0
    2      462.7040       0.8005510       -1.0000       0.46270E-17
    3      37.43818       0.2034501      -0.85029       0.80912E-01
    4      45.87112        infinite       0.10122        1.2252    

 **WARNING** MORE THAN ONE SOIL MODEL CAN PRODUCE SIMILAR APPARENT RESISTIVITY
             MEASUREMENT CURVES. IF YOU USE THE DEFAULT STEEPEST-DESCENT 
METHOD,
             THEN YOU WILL MOST OFTEN OBTAIN DECENT AGREEMENT BETWEEN MEASURED
             VALUES AND THE COMPUTED CURVE, WITH A REALISTIC SOIL MODEL; 
HOWEVER,
             THE FIT MAY OCCASIONALLY BE SUB-OPTIMAL. IN SUCH CASES, THE 
MARQUARDT 
             METHOD WILL USUALLY YIELD AN EXCELLENT FIT, BUT MAY SOMETIMES 
SUGGEST 
             EXTREME RESISTIVITY VALUES. NOTE THAT DIFFERENT SOIL MODELS WILL 
USUALLY
             YIELD SIMILAR RESULTS FOR YOUR GROUNDING SYSTEM MODELS (I.E., 
GPR, TOUCH &  
             STEP VOLTAGES), PROVIDED THAT THE GROUNDING SYSTEM IS LOCATED 

Auto Grid Pro [Project: Batchawana TS; Scenario:
Scenario1]

Page 3

File: C:\Program Files\SESSoftware 
2006\GrarepWorkspace\session8\TempReport.txt

EB-2009-0408 
Exhibit 10 
Tab 1 
Schedule 2 
Appendix 70(i) 
40 of 75



CLOSE TO
             THE EARTH SURFACE. IF IN DOUBT, CHECK YOUR RESULTS WITH BOTH SOIL 
MODELS.

 End of Report #3

 Report #4:

****************************************************************
Resistivity Comparison
Creation Date/Time:     20 Feb 2008/17:31:20
****************************************************************

Comparison of Measured & Computed Apparent Resistivities
========================================================

       C1-C2 SPACING  APPARENT RESISTIVITY  DISCREPANCY
POINT    (meters)     MEASURED    COMPUTED  Di (percent)
=====  =============  ========    ========  ===========
   1     4.56000       166.6       166.7          0.08
   2     9.12000       62.17       61.05          1.81
   3     18.2400       39.82       47.47         19.21
   4     45.7200       49.41       46.02          6.87
   5     91.4400       56.11       45.93         18.15
                                             =========
                         Average discrepancy:     9.22%

RMS ERROR BETWEEN MEASURED AND CALCULATED RESISTIVITIES :

                                 12.24 percent

                   *NOTE* RMS = SQRT( average(Di**2) )

 End of Report #4

 Report #5:

****************************************************************
List of Materials
Creation Date/Time:     20 Feb 2008/17:31:20
****************************************************************

Interconnection / Bonding Nodes ....................... 76
Extent of Grounding System ............................ 3422 (Square Meters)
Surface Layer Thickness ............................... 15 (Centimeters)
Volume of Insulating Layer ............................ 513.3 (Cubic meters)
Wet Resistivity of Insulating Surface Layer ........... 2000 (Ohm-m)

Grounding System Data

Number of Rods                Length (m)       Diameter (m)     
----------------------------------------------------------------

Auto Grid Pro [Project: Batchawana TS; Scenario:
Scenario1]
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30                            3                0.019            
1                             3                0.038            

Number of Grid Conductors     Length (m)       Diameter (m)     
----------------------------------------------------------------
2                             58               0.0106           
2                             59               0.0106           
2                             5.3              0.0134           
2                             3.8              0.0134           
7                             30.5             0.0134           
6                             34.532           0.0134           
1                             5.75             0.0106           
1                             1.84117          0.0106           

Total Length of Grid Conductors (m)            Diameter (m)             
----------------------------------------------------------------
241.591                                        0.0106           
438.892                                        0.0134           
90                                             0.019            
3                                              0.038            

 End of Report #5

 Report #6:
Date of run (Start) = Wednesday,20 February 2008
Starting Time = 5:31:20 PM

>>Safety Calculation Table

System Frequency....................................:  60.000(Hertz)
System X/R..........................................:  20.000
Surface Layer Thickness.............................:  15.000(cm)
Number of Surface Layer Resistivities...............:  10
Starting Surface Layer Resistivity..................:  NONE
Incremental Surface Layer Resistivity...............:  500.00(ohm-m)
Equivalent Sub-Surface Layer Resistivity........... .:  463.28(ohm-m)

Body Resistance Calculation.........................:  IEEE Std.80-2000
Fibrillation Current Calculation....................:  IEEE Std.80-2000 (70kg)
Foot Resistance Calculation.........................:  IEEE Std.80-2000
User Defined Extra Foot Resistance..................:  0.0000  ohms

==============================================================================
 Fault Clearing Time (sec)  |      0.125    |      0.250    |      0.500    |
+----------------------------+---------------+---------------+---------------+
 Decrement Factor           |        1.192  |        1.101  |        1.052  |
 Fibrillation Current (amps)|        0.444  |        0.314  |        0.222  |
 Body Resistance      (ohms)|      1000.00  |      1000.00  |      1000.00  |
==============================================================================

==========================================================================
         |                 Fault Clearing Time                 |        |
 Surface |-----------------+-----------------+-----------------|  Foot  |
  Layer  |   0.125  sec.   |   0.250  sec.   |   0.500  sec.   | Resist |
 Resist  |-----------------|-----------------|-----------------|  ance  |

Auto Grid Pro [Project: Batchawana TS; Scenario:
Scenario1]
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  ivity  |  Step  |  Touch |  Step  |  Touch |  Step  |  Touch | 1 Foot |
 (ohm-m) |Voltage |Voltage |Voltage |Voltage |Voltage |Voltage | (ohms) |
         |(Volts) |(Volts) |(Volts) |(Volts) |(Volts) |(Volts) |        |
==========================================================================
  NONE   |  1451.4|   642.3|  1111.0|   491.6|   822.4|   363.9|  1447.8|
|---------+--------+--------+--------+--------+--------+--------+--------+
    500.0|  1522.6|   660.1|  1165.6|   505.3|   862.8|   374.0|  1543.4|
|---------+--------+--------+--------+--------+--------+--------+--------+
   1000.0|  2464.6|   895.6|  1886.6|   685.5|  1396.5|   507.5|  2807.5|
|---------+--------+--------+--------+--------+--------+--------+--------+
   1500.0|  3384.8|  1125.6|  2591.0|   861.7|  1918.0|   637.8|  4042.5|
|---------+--------+--------+--------+--------+--------+--------+--------+
   2000.0|  4297.8|  1353.9|  3289.9|  1036.4|  2435.3|   767.2|  5267.7|
|---------+--------+--------+--------+--------+--------+--------+--------+
   2500.0|  5207.4|  1581.3|  3986.2|  1210.4|  2950.7|   896.0|  6488.4|
|---------+--------+--------+--------+--------+--------+--------+--------+
   3000.0|  6115.2|  1808.2|  4681.1|  1384.2|  3465.1|  1024.6|  7706.7|
|---------+--------+--------+--------+--------+--------+--------+--------+
   3500.0|  7021.9|  2034.9|  5375.1|  1557.7|  3978.9|  1153.1|  8923.5|
|---------+--------+--------+--------+--------+--------+--------+--------+
   4000.0|  7927.9|  2261.4|  6068.6|  1731.1|  4492.2|  1281.4| 10139.4|
|---------+--------+--------+--------+--------+--------+--------+--------+
   4500.0|  8833.4|  2487.8|  6761.8|  1904.3|  5005.3|  1409.7| 11354.6|
|---------+--------+--------+--------+--------+--------+--------+--------+
* Note * Listed values account for short duration asymmetric waveform
         decrement factor listed at the top of each column.

 End of Report #6

 Report #7:

 DATE OF RUN (Start)= DAY 20 / Month  2 / Year 2008
 STARTING TIME= 17:31:21: 3

 ===========< G R O U N D I N G    ( SYSTEM INFORMATION SUMMARY ) >===========

 Run ID......................................: Scenario1           
 System of Units ............................: Metric
 Earth Potential Calculations................: Single Electrode Case
 Type of Electrodes Considered...............: Main Electrode ONLY
 Soil Type Selected..........................: Multi-Layer Horizontal
 SPLITS/FCDIST Scaling Factor................:  0.90000    
1
1

     MULTI-LAYER EARTH CHARACTERISTICS USED BY PROGRAM

     LAYER  TYPE  REFLECTION    RESISTIVITY     HEIGHT   
      No.         COEFFICIENT   (ohm-meter)     METERS
     ----- ------ ------------- ------------- -------------
       1   Air     0.00000      0.100000E+21   100000.    
       2   Soil  -0.999990       462.704      0.800551    
       3   Soil  -0.850290       37.4382      0.203450    
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       4   Soil   0.101224       45.8711      0.100000E+11
1

 CONFIGURATION OF MAIN ELECTRODE
 ===============================

 Original Electrical Current Flowing In Electrode..:   3050.0     amperes
 Current Scaling Factor (SPLITS/FCDIST/specified)..:  0.90000    
 Adjusted Electrical Current Flowing In Electrode..:   2745.0     amperes
 Number of Conductors in Electrode.................:    54
 Resistance of Electrode System....................:  0.61423     ohms

 SUBDIVISION
 ===========
 Grand Total of Conductors After Subdivision.:   320

 Total Current Flowing In Main Electrode......:   2745.0     amperes
 Total Buried Length of Main Electrode........:   773.48     meters

 EARTH POTENTIAL COMPUTATIONS
 ============================

 Main Electrode Potential Rise (GPR).....:   1686.1     volts

 End of Report #7
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6.3 Northern TS 

6.3.1 Resistivity Measurements 
 Two soil measurements were obtained. The first was located adjacent to the parking 

lot and the second was located to the north of the substation. We have selected the 

second measurement to be representative of conditions. 

Soil resistivity has been calculated based on the following: 

 
2
Rod Spacing

= Resistivity Measurement

P aR
a
R

π=
=  

  

Measurement 
Location Probe Spacing Resistance 

Measured 
Calculated Soil 

Resistivity 
M1 1.52 M 4.07 Ω 38.9 Ω•M 
M1 3.04 M 1.24 Ω 23.7 Ω•M 
M1 4.56 M 0.85 Ω 24.3 Ω•M 
M1 9.12 M 0.67 Ω 38.4 Ω•M 
M1 15.24 M 0.53 Ω 50.8 Ω•M 

 
6.3.2 Total Resistance to Remote Earth Measurement (Rg) 

One measurement for Total Resistance to Remote Earth was obtained. No additional 

measurements were obtained due to interference or obstructions around the 

substation.  The measurement was taken in an easterly direction directly towards the 

high school football field. The test electrode was located at the north east corner of 

the substation yard. 

 

Current probe C2 was located 800 ft. from the test electrode. Potential probe P2 

measurements were made at significant intervals between test electrode and current 

probe C2. 

Measurements obtained: 

Position No. Distance Resistance 
1 160 ft. 0.497 Ω 
2 320 ft. 0.571 Ω 
3 480 ft. 0.655 Ω 
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The Tagg Slope Method was used to calculate remote earth resistance. Refer to 

Appendix for supporting methodology. 

 

Distance calculation for value R 

= =

= =

= =

1

2

3

0.2 x 800' 160'
0.4 x 800' 320'
0.6 x 800' 480'

R
R
R

 

Remote Distance Curve Calculation: 

μ
− −

= = =
− −

3 2

2 1

0.655 0.571 1.135
0.571 0.497

R R
R R

 

From Tagg Slope Method tables in Appendix:  

μ  of 1.135 = Pt/C of 0.510 

Distance of potential probe to represent remote earth resistance 

= =0.510 x 800 ' 408 ' to Probe P2  

Measured Value = 0.604 Ω   

 
6.3.3 Allowable Safe Step and Touch Potentials 

Tolerable Step and Touch Potentials have been obtained from the SES technical 

report at the end of this section. These results are based on a surface covering layer 

throughout the substation of crushed stone which we have assigned a resistivity 

value of 2000 Ω•M. The methodologies of IEEE Std. 80-2000 have been used to 

establish these tolerable limits. Tolerable Step Potential limits are 3300V and 

tolerable Touch Potentials are 983V. 
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6.3.4 Ground Potential Rise Calculation 

Current Grid Split Factor Determination 

To calculate fS  based on IEEE Std. 80-2000 Annex C Figure C-1. 

Based on 1 Transmission / 2 Distribution Lines 

gR Measured  = 0.60 Ω 

100% Remote Contribution  

= Ω15tgR   = Ω25dgR  Figure C.1 

= 50%fS  

We have assigned a split factor of 50%. 

 

Symmetrical Grid Current ( )gI  
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=

=

=

= −

=

g

F

*
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Maximum Grid Current ( )GI  

=

=

=

=

=

G

g

*

1.052 * 6.52

6.83

1.052

6.50

f g

f

I D I

kA

kA

D

I kA

 

 

EB-2009-0408 
Exhibit 10 
Tab 1 
Schedule 2 
Appendix 70(i) 
47 of 75



   

 

 
 
February 22, 2008 Project No.: 265559 Report  Page 23 

Calculated Ground Potential Rise ( )GPR  

=

=

=

3

3

* * 10

0.60 * 6.83 * 10

4098 Volts

Measured g GGPR R I

 

 
Substation Condition Report 

Fence Grounding and Condition Comments 

A visual inspection of the fence and gate grounding was completed. The condition of 

each thermoweld was inspected and the continuity of each jumper was confirmed. 

There were no apparent bonding issues associated with the fence or gate. 

We have confirmed that the boundary fence is tied to the substation ground grid. We 

also confirm that the fence surrounding the substation yard is isolated from the fence 

surrounding the maintenance yard. 

Above Grade Equipment Ground Audit 

An audit of all bonding and grounding associated with the electrical distribution 

equipment, supporting towers and structures, fences and gates was completed. All 

bare ground wire connections were assessed including both thermoweld and 

mechanical configurations. Bare ground wire sizes were compared to the 

engineering drawing provided by Great Lakes Power. For reference, this drawing is 

SD-23009 Rev. 0. 

We found no issues with equipment bonding. 

Of concern however is the transfer potential to the metal storage building adjacent to 

the substation yard. The main building ground conductor consists of a #2/0 awg bare 

copper conductor being secured to a structural member within the building. We 

confirmed the continuity of this ground conductor to the main substation grid 

(measured 0.19Ω ). If the building ground is to be connected to the substation grid, 

as indicated on note 4 on the engineering drawing, then a building perimeter ground 

must be installed and a layer of crushed stone to be added and this will reduce the 

touch potentials.  
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Surface Conditions 

The surface covering throughout the substation yard consisted of washed crushed 

stone. We have considered this material to have a resistivity of 3000 Ω•M.  

This layer of stone needs to be extended 0.3 M past the extent of the grounding grid 

conductors. This is also referenced in note 3 on the engineering drawing. 

 
 Computer Model Output Results 

System Data: 
Body Weight 70 kg 

Fault Current ( )FI  12.99 kA 

X/R ratio 20 

Division Factor ( )FS  50% 

Fault Duration ( , , )f c sT T T  0.5 sec. 

Plot Step 3 ft. 

 

Summary Report: 

Ground Resistance ( )gR  0.35 Ω 

Ground Potential Rise (GPR) 2278 V 

Tolerable Touch Potential 983 V 

Calculated Maximum Touch Potential 581 V 

Tolerable Step Potential 3300 V 

Calculated Maximum Step Potential 214 V 

 
6.3.7 Analysis and Recommendations 

1. Calculated Touch, Step and Ground Potential Rise values are within tolerable 

levels. 

2. The transfer potential to the metal storage building is of concern. We recommend 

further investigation into the tie between the building ground and the substation 

ground grid. If building isolation is deemed not to be a requirement then install 

the building perimeter loop and crushed stone to achieve safe touch potential. 

Ensure two separate connections exist if required. 
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3. Extend the crushed stone 0.3 M beyond the extent of the grounding grid 

conductors. 

6.3.8 Computer Model Plots 

1. Grounding grid layout 

2. Touch Voltages – all points 

3. Touch Voltages – unsafe points 

4. Step Voltages – all points 

5. Step Voltages – unsafe points 

6. Ground grid performance report 
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13-December-2007 11:16:07 AM

Auto Grid Pro [Project: Northern Ave TS; Scenario: Scenario1]
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 Maximum Value :    580.856             
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22-February-2008 11:25:49 AM

Auto Grid Pro [Project: Northern Ave TS; Scenario: Scenario1]
Touch Voltages (All - 2D Spot)
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Touch Voltages (Unsafe - 2D Spot) [ID:Scenario1]

 LEGEND 

 Maximum Value :    580.856             
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22-February-2008 11:25:57 AM

Auto Grid Pro [Project: Northern Ave TS; Scenario: Scenario1]
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 Maximum Value :    214.045             
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Ground Grid Performance 22-February-2008 11:26:27 AM

 Report #1:

*******************************************************************************
************************************************
AUTOGRID PRO USER INPUT DATA REPORT
Creation Date/Time:     22 Feb 2008/11:25:24
*******************************************************************************
************************************************

----------------------------------------------------------------
Input Data Summary Reports
----------------------------------------------------------------

System Data Summary
     C:\Program Files\SESSoftware 2005\Northern Ave 
TS\Scenario1\Results\System Input.rep
Requested Computation Reports and Plots 
     C:\Program Files\SESSoftware 2005\Northern Ave TS\Scenario1\Results\User 
Input.rep

----------------------------------------------------------------
Graphics option chosen
----------------------------------------------------------------
Computation Plots
     Touch Voltages
          Show All Values
          Show Unsafe Values Above Selected Safety Threshold

     Step Voltages
          Show All Values
          Show Unsafe Values Above Selected Safety Threshold

     Electric Network Configuration

     Soil Resistivity Measurement Interpretation

     Fault Current Distribution
          Section Span Currents
          Shunt Tower Currents
          Shunt Tower Potentials
          One Terminal Plot
          Terminal Number     ...................  1
          All Sections Selected

Configuration Plots
     Grounding System Configuration

----------------------------------------------------------------
Types of plot selected
----------------------------------------------------------------
Computation Plots
     2D Spot
     2D Contour
     3D Perspective

Configuration Plots
     3D Perspective
     Top View

Auto Grid Pro [Project: Northern Ave TS; Scenario:
Scenario1]

Page 1

File: C:\Program Files\SESSoftware 
2006\GrarepWorkspace\session9\TempReport.txt
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 End of Report #1

 Report #2:

*******************************************************************************
************************************************
AUTOGRID PRO SYSTEM INPUT DATA REPORT
Creation Date/Time:     22 Feb 2008/11:25:24
*******************************************************************************
************************************************

-------------------------------------------------------------------------------
------------------------------------------------
Project Summary
-------------------------------------------------------------------------------
------------------------------------------------
Run Identification .......................... Scenario1
System of Units ............................. Metric
Radius Measured in .......................... Meters
Frequency ................................... 60 Hz

-------------------------------------------------------------------------------
------------------------------------------------
Soil Structure (deduce soil structure from field resistivity measurements)
-------------------------------------------------------------------------------
------------------------------------------------
Measurement method...........................Wenner
Type of measurement..........................Resistance
Probe depth option...........................Account for Probe Depth

Measurement      Spacing S   Apparent    Depth of    Depth of    
Number           (Meters)    Resistance  Current     Potential   
                             R (Ohms)    Probes Do   Probes Di   
                                         (Meters)    (Meters)    
--------------------------------------------------------------------------
R1               1.52        4.07        0.152       0.152       
R2               3.04        1.236       0.152       0.152       
R3               4.56        0.853       0.152       0.152       
R4               9.12        0.67        0.152       0.152       
R5               15.24       0.529       0.152       0.152       

-------------------------------------------------------------------------------
------------------------------------------------
Network Fault Current Distribution
-------------------------------------------------------------------------------
------------------------------------------------
Average soil characteristics along electric lines:
     Resistivity(Ohm-m) .......................... 100
     Relative Permeability (p.u.) ................ 1

Central site definition: 
     Name ........................................ 

Auto Grid Pro [Project: Northern Ave TS; Scenario:
Scenario1]

Page 2

File: C:\Program Files\SESSoftware 
2006\GrarepWorkspace\session9\TempReport.txt
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     Ground Impedance (To be deduced from grounding computations)

-------------------------------------------------------------------------------
------------------------------------------------
Safety
-------------------------------------------------------------------------------
------------------------------------------------
Determine Safety Limits for Touch and Step Voltages
Maximum GPR of Grid (Volts) ................. 5000
     Safety Threshold for Touch Voltages ......... 983.3 V
     Safety Threshold for Step Voltages .......... 3299.7 V
Automatic Generation of Observation Points.
     Grid Border Offset for Touch Voltages ....... 1 m
     Grid Border Offset for Step Voltages ........ 1 m

----------------------------------------------------------------
The computation results are written in the following reports:
----------------------------------------------------------------
Soil Resistivity Measurement Interpretation
     C:\Program Files\SESSoftware 2005\Northern Ave TS\Scenario1\Results\Soil 
Structure.rep
Ground Grid Perfomance
     C:\Program Files\SESSoftware 2005\Northern Ave 
TS\Scenario1\Results\Ground Grid Performance.rep
Safety Assessment
     C:\Program Files\SESSoftware 2005\Northern Ave 
TS\Scenario1\Results\Safety.rep
Resistivity Comparison
     C:\Program Files\SESSoftware 2005\Northern Ave 
TS\Scenario1\Results\Resistivity Comparison.rep
List of Materials
     C:\Program Files\SESSoftware 2005\Northern Ave TS\Scenario1\Results\Bill 
of Materials.rep

 End of Report #2

 Report #3:

 =========< R E S I S T I V I T Y  ( SYSTEM INFORMATION SUMMARY ) >=========

 Run ID......................................: Scenario1           
 System of Units ............................: Meters 
 Soil Type Selected..........................: Multi-Layer Horizontal
 RMS error between measured and calculated...:   27.6903    in percent
 resistivities (Note RMS=SQRT(average(Di**2)).

         <--- LAYER CHARACTERISTICS -->   Reflection    Resistivity
  Layer   Resistivity       Thickness     Coefficient    Contrast
 Number     (ohm-m)         (Meters)        (p.u.)        Ratio
 ======  ==============  ==============  ============  ============
    1      infinite        infinite          0.0           1.0
    2      39.09538       0.5986753       -1.0000       0.39095E-18
    3      28.87995        infinite      -0.15028       0.73870    

 **WARNING** MORE THAN ONE SOIL MODEL CAN PRODUCE SIMILAR APPARENT RESISTIVITY
             MEASUREMENT CURVES. IF YOU USE THE DEFAULT STEEPEST-DESCENT 
METHOD,

Auto Grid Pro [Project: Northern Ave TS; Scenario:
Scenario1]

Page 3
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             THEN YOU WILL MOST OFTEN OBTAIN DECENT AGREEMENT BETWEEN MEASURED
             VALUES AND THE COMPUTED CURVE, WITH A REALISTIC SOIL MODEL; 
HOWEVER,
             THE FIT MAY OCCASIONALLY BE SUB-OPTIMAL. IN SUCH CASES, THE 
MARQUARDT 
             METHOD WILL USUALLY YIELD AN EXCELLENT FIT, BUT MAY SOMETIMES 
SUGGEST 
             EXTREME RESISTIVITY VALUES. NOTE THAT DIFFERENT SOIL MODELS WILL 
USUALLY
             YIELD SIMILAR RESULTS FOR YOUR GROUNDING SYSTEM MODELS (I.E., 
GPR, TOUCH &  
             STEP VOLTAGES), PROVIDED THAT THE GROUNDING SYSTEM IS LOCATED 
CLOSE TO
             THE EARTH SURFACE. IF IN DOUBT, CHECK YOUR RESULTS WITH BOTH SOIL 
MODELS.

 End of Report #3

 Report #4:

****************************************************************
Resistivity Comparison
Creation Date/Time:     22 Feb 2008/11:25:24
****************************************************************

Comparison of Measured & Computed Apparent Resistivities
========================================================

       C1-C2 SPACING  APPARENT RESISTIVITY  DISCREPANCY
POINT    (meters)     MEASURED    COMPUTED  Di (percent)
=====  =============  ========    ========  ===========
   1     4.56000       39.10       32.04         18.05
   2     9.12000       23.64       29.78         25.97
   3     13.6800       24.46       29.28         19.73
   4     27.3600       38.40       28.98         24.54
   5     45.7200       50.66       28.91         42.92
                                             =========
                         Average discrepancy:    26.24%

RMS ERROR BETWEEN MEASURED AND CALCULATED RESISTIVITIES :

                                 27.69 percent

                   *NOTE* RMS = SQRT( average(Di**2) )

 End of Report #4

 Report #5:

****************************************************************
List of Materials
Creation Date/Time:     22 Feb 2008/11:25:24
****************************************************************

Auto Grid Pro [Project: Northern Ave TS; Scenario:
Scenario1]
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Interconnection / Bonding Nodes ....................... 162
Extent of Grounding System ............................ 1082.16 (Square Meters)
Surface Layer Thickness ............................... 15 (Centimeters)
Volume of Insulating Layer ............................ 162.324 (Cubic meters)
Wet Resistivity of Insulating Surface Layer ........... 3000 (Ohm-m)

Grounding System Data

Number of Rods                Length (m)       Diameter (m)     
----------------------------------------------------------------
47                            3                0.019            

Number of Grid Conductors     Length (m)       Diameter (m)     
----------------------------------------------------------------
8                             47.0566          0.0106           
15                            22.9725          0.0106           
1                             14.9703          0.0106           
1                             18.049           0.0106           
1                             8                0.0106           
1                             28.5             0.0106           
1                             18.5             0.0106           
1                             8.50007          0.0106           
1                             3                0.0106           
2                             0.92129          0.0106           

Total Length of Grid Conductors (m)            Diameter (m)             
----------------------------------------------------------------
822.402                                        0.0106           
141                                            0.019            

 End of Report #5

 Report #6:
Date of run (Start) = Friday,22 February 2008
Starting Time = 11:25:25 AM

>>Safety Calculation Table

System Frequency....................................:  60.000(Hertz)
System X/R..........................................:  20.000
Surface Layer Thickness.............................:  15.000(cm)
Number of Surface Layer Resistivities...............:  8
Starting Surface Layer Resistivity..................:  NONE
Incremental Surface Layer Resistivity...............:  500.00(ohm-m)
Equivalent Sub-Surface Layer Resistivity........... .:  39.095(ohm-m)

Body Resistance Calculation.........................:  IEEE Std.80-2000
Fibrillation Current Calculation....................:  IEEE Std.80-2000 (70kg)
Foot Resistance Calculation.........................:  IEEE Std.80-2000
User Defined Extra Foot Resistance..................:  0.0000  ohms

==============================================================================
 Fault Clearing Time (sec)  |      0.125    |      0.250    |      0.500    |
+----------------------------+---------------+---------------+---------------+

Auto Grid Pro [Project: Northern Ave TS; Scenario:
Scenario1]
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 Decrement Factor           |        1.192  |        1.101  |        1.052  |
 Fibrillation Current (amps)|        0.444  |        0.314  |        0.222  |
 Body Resistance      (ohms)|      1000.00  |      1000.00  |      1000.00  |
==============================================================================

==========================================================================
         |                 Fault Clearing Time                 |        |
 Surface |-----------------+-----------------+-----------------|  Foot  |
  Layer  |   0.125  sec.   |   0.250  sec.   |   0.500  sec.   | Resist |
 Resist  |-----------------|-----------------|-----------------|  ance  |
  ivity  |  Step  |  Touch |  Step  |  Touch |  Step  |  Touch | 1 Foot |
 (ohm-m) |Voltage |Voltage |Voltage |Voltage |Voltage |Voltage | (ohms) |
         |(Volts) |(Volts) |(Volts) |(Volts) |(Volts) |(Volts) |        |
==========================================================================
  NONE   |   463.6|   395.3|   354.9|   302.6|   262.7|   224.0|   122.2|
|---------+--------+--------+--------+--------+--------+--------+--------+
    500.0|  1304.2|   605.5|   998.3|   463.5|   739.0|   343.1|  1250.3|
|---------+--------+--------+--------+--------+--------+--------+--------+
   1000.0|  2208.4|   831.5|  1690.5|   636.5|  1251.3|   471.2|  2463.7|
|---------+--------+--------+--------+--------+--------+--------+--------+
   1500.0|  3112.2|  1057.5|  2382.3|   809.5|  1763.5|   599.2|  3676.6|
|---------+--------+--------+--------+--------+--------+--------+--------+
   2000.0|  4015.9|  1283.4|  3074.1|   982.4|  2275.6|   727.2|  4889.5|
|---------+--------+--------+--------+--------+--------+--------+--------+
   2500.0|  4919.6|  1509.3|  3765.9|  1155.4|  2787.7|   855.3|  6102.3|
|---------+--------+--------+--------+--------+--------+--------+--------+
   3000.0|  5823.3|  1735.3|  4457.6|  1328.3|  3299.7|   983.3|  7315.0|
|---------+--------+--------+--------+--------+--------+--------+--------+
   3500.0|  6727.0|  1961.2|  5149.4|  1501.2|  3811.8|  1111.3|  8527.8|
|---------+--------+--------+--------+--------+--------+--------+--------+
* Note * Listed values account for short duration asymmetric waveform
         decrement factor listed at the top of each column.

 End of Report #6

 Report #7:

 DATE OF RUN (Start)= DAY 22 / Month  2 / Year 2008
 STARTING TIME= 11:25:25:15

 ===========< G R O U N D I N G    ( SYSTEM INFORMATION SUMMARY ) >===========

 Run ID......................................: Scenario1           
 System of Units ............................: Metric
 Earth Potential Calculations................: Single Electrode Case
 Type of Electrodes Considered...............: Main Electrode ONLY
 Soil Type Selected..........................: Multi-Layer Horizontal
 SPLITS/FCDIST Scaling Factor................:  0.50000    
1
1

     MULTI-LAYER EARTH CHARACTERISTICS USED BY PROGRAM

Auto Grid Pro [Project: Northern Ave TS; Scenario:
Scenario1]
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     LAYER  TYPE  REFLECTION    RESISTIVITY     HEIGHT   
      No.         COEFFICIENT   (ohm-meter)     METERS
     ----- ------ ------------- ------------- -------------
       1   Air     0.00000      0.100000E+21   100000.    
       2   Soil  -0.999990       39.0954      0.598675    
       3   Soil  -0.150281       28.8799      0.100000E+11
1

 CONFIGURATION OF MAIN ELECTRODE
 ===============================

 Original Electrical Current Flowing In Electrode..:   12990.     amperes
 Current Scaling Factor (SPLITS/FCDIST/specified)..:  0.50000    
 Adjusted Electrical Current Flowing In Electrode..:   6495.0     amperes
 Number of Conductors in Electrode.................:    79
 Resistance of Electrode System....................:  0.35070     ohms

 SUBDIVISION
 ===========
 Grand Total of Conductors After Subdivision.:   373

 Total Current Flowing In Main Electrode......:   6495.0     amperes
 Total Buried Length of Main Electrode........:   963.34     meters

 EARTH POTENTIAL COMPUTATIONS
 ============================

 Main Electrode Potential Rise (GPR).....:   2277.8     volts

 End of Report #7

Auto Grid Pro [Project: Northern Ave TS; Scenario:
Scenario1]
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9.0 Appendix  
 

1. Appendix 9.1 Summary of Fault Levels for Grounding Measurements 

2. Appendix 9.2 Tagg Tables 

3. Appendix 9.3 NETA World – Slope Method 
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Property of Orderline.

Reproduction as per licence #05001-091 0-NXFPQOVOJB
36-300 Material and minimum size of grounding conductor and ground grid conductor

and connections (see Appendix B)
(1) Except as provided for in Subrule (2), bare copper conductors shall be used for grounding
purposes and shall be not smaller than those specified in Rules 36-302 to 36-310 and Table
51.
ix (2) Notwithstanding the requirement of Subrule (1), a galvanized steel, copper-weld, or other
conductor shall be permitted for grounding purposes, provided that
(a) its current-carrying rating is equal to or greater than that of the copper conductor
specified in Rules 36-302 to 36-310;
(b) consideration is given to galvanic action if such conductors are buried in the ground or
come in contact with dissimilar metals; and
(c) the method of bolting or connecting such conductors to each other and to other surfaces
is such as to maintain the required current-carrying capacity for the life of the electrode design.
36-302 Station ground electrode (see Appendix B)
(1) Every outdoor station shall be grounded by means of a station ground electrode that shall
meet the requirements of Rule 36-304 and shall
(a) consist of a minimum of four driven ground rods not less than 3 m long and 19.0 mm in
diameter spaced at least the rod length apart and, where practicable, located adjacent to the
equipment to be grounded;
(b) have the ground rods interconnected by ground grid conductors not less than No. 2/0
AWG bare copper buried to a maximum depth of 600 mm below the rough station grade and a
minimum depth of 150 mm below the finished station grade; and
(c) have the station ground grid conductors in Item (b) connected to all non-current-carrying
metal parts of equipment and structures and shall form a loop around the equipment to be
grounded, except that
(i) a portion of the loop shall be permitted to be omitted where an obstacle such as a wall
prevents a person from standing on the corresponding side or sides of the equipment; and
(ii) loops formed by the rebar in a reinforced concrete slab are adequate when the rebar
members are interconnected and reliably connected to all other parts of the station ground
electrode.
(2) Where a deviation has been allowed in accordance with Rule 2-030, a buried station
ground electrode other than that described in Subrule (1) shall be permitted to be used.
(3) Where it is not practicable to locate the station ground electrode adjacent to the station as
described in Subrule (1), the station ground electrode shall be permitted to be remote from the
station, and
(a) two grounding conductors of a minimum of No. 2/0 AWG copper shall connect the ground
electrode to the station equipment in such a way that should one grounding conductor or
ground electrode be damaged, no single metal structure or equipment frame may become
isolated; and
(b) in locations with system short- circuit currents exceeding 30 000 A, the grounding
conductor wire size shall be increased and shall be such that it will not suffer thermal damage
or be a fire hazard under the severest fault conditions occurring on the system.
(4) Every indoor station shall be grounded by means of a station ground electrode
(a) in accordance with Subrule (1), (2), or (3); or
(b) if it is not practicable to ground an indoor station in accordance with Subrule (1), (2), or
(3) and the indoor station receives its supply from a main station on the same property, the
station equipment shall be connected to the main station ground electrode in accordance with
Subrule (3).
(5) All parts of the indoor station that are required to be grounded shall be connected
together by copper conductors of not less than No. 2/0 AWG.
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(6) The reinforcing steel members to be found in building foundations and concrete platforms
shall be permitted to be included as part of the station ground electrode design, provided that
(a) no insulating film separates the concrete from the surrounding soil;
(b) the maximum expected fault current magnitude and duration will not result in thermal
damage to the steel members or the concrete structure;
(c) the steel members are connected to the rest of the station ground electrode with not less
than 2 copper conductors of not less than No. 2/0 AWG in such a way that, should one
grounding conductor or ground electrode be damaged, no single metal structure or equipment
frame may become isolated; and
(d) the ground electrode design is based on the assumption that the concrete resistivity is
greater than or equal to that of the surrounding soil.
36-304 Station ground resistance (see Appendix B)
(1) The maximum permissible resistance of the station ground electrode shall be determined
by the maximum available ground fault current injected into the ground by the station ground
electrode or by the maximum fault current in the station, and the ground resistance shall be
such that under all soil conditions that exist in practice (e.g., wet, dry, and frozen conditions),
the maximum ground fault current conditions shall limit the potential rise of all parts of the
station ground grid to 5000 V; whereas in special circumstances where this level cannot be
reasonably achieved, a higher voltage up to the maximum insulation level of the
communication equipment shall be permitted where a deviation has been allowed in
accordance with Rule 2-030.
(2) In addition to the requirements of Subrule (1), the touch and step voltage at the edge,
within, and around the station grounding electrode, including all areas in which metallic
structures electrically connected to the station are to be found, shall not exceed the tolerable
values specified in Table 52.
(3) When a station ground electrode design is selected according to the procedure
delineated in Appendix B and when it is proven that the station parameters used in the
procedure are valid, this electrode design shall be deemed to meet the requirements of
Subrules (1) and (2).
(4) After completion of construction, the resistance of the station ground electrode at each
station shall be measured and changes shall be made if necessary to verify and ensure that
the maximum permissible resistance of Subrule (1) is not exceeded.
(5) Where the safety of persons depends on the integral presence of a ground surface
covering layer, such as crushed rock or asphalt, the ground surface covering layer shall exist
throughout the station grounding electrode area, including all areas in which metallic structures
electrically connected to the station are to be found and shall extend at least I m beyond the
station grounding electrode area on all sides.
36-306 Station exemption
Where the phase-to-phase voltage is less than or equal to 7500 V and a ground surface
covering layer with a minimum thickness of 150 mm is installed and maintained as specified in
Rule 36-304(5) and it can be demonstrated that the potential rise (GPR) of a station shall not
exceed the tolerable touch and step voltages specified in Table 52 during the lifetime of the
station, the following exemptions shall apply:
(a) no soil resistivity measurements need be made at the station site;
(b) notwithstanding Rule 36-304(2), no analysis is required to prove that touch and step
voltages within the station grounding electrode area shall not exceed tolerable values; and
(c) notwithstanding Rule 36-304(4), neither the resistance of the station ground electrode nor
the touch voltage near the centre or corner of the ground electrode need be measured after
completion of construction.
36-308 Connections to the station ground electrode (see Appendix B)
(1) All non-current-carrying metal equipment and structures forming part of the station shall
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be grounded to the station ground electrode to prevent the buildup of dangerous potential
differences between the equipment or structures and the nearby earth.
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(2) All metal items forming part of the station shall be connected to the station ground
electrode as follows:
(a) metal structures:
(i) single columns or pedestal-type (pipe, etc.) structures shall be grounded by a grounding
conductor not less than No. 2/0 AWG copper; and
(ii) single and multi-bay structures shall be bonded to ground at each column by a bonding
conductor not less than No. 2/0 AWG copper;
(b) apparatus mounted on metallic or non-metallic structures:
(i) tanks or frames of transformers, generators, motors, circuit breakers, reclosers,
instrument transformers, switchgear, and other equipment shall be grounded by grounding
conductors of not less than No. 2/0 AWG copper;
(ii) metal bases of all gang-operated switches shall be grounded by a grounding conductor
of not less than No. 2/0 AWG copper (for switch handles see Rule 36-31 0); and
(iii) the grounding of metal bases of single-pole fuse cut-outs and isolating switches on wood
structures is optional;
(c) lightning arresters:
(i) the lightning arresters shall be connected to the station ground electrode by a conductor
of not less than No. 2/0 AWG copper;
(ii) lightning arrester grounding conductors shall be as short, straight, and direct as
practicable; and
(iii) where lightning arresters are for the protection of high-voltage cable and cable sheath,
the lightning arrester grounding conductor shall be connected to metal potheads and/or metal
sheath or armour or shielding of all cables;
(d) a metal water main inside or adjacent to the station ground electrode area shall be
grounded by at least one copper conductor of not less than No. 2/0 AWG copper, at intervals
not exceeding 12 m;
(e) the non-current-carrying parts of metal equipment, such as
(i) cable sheaths, cable armour, shield, ground wires, potheads, raceways, pipe work,
screen guards, and switchboards, shall be grounded by copper conductor of not less than No.
4 AWG;
(ii) meter, instrument, and relay cases, when mounted on insulated panels, shall be
grounded by a copper conductor of not less than No. 10 AWG; and
(iii) the metal frame and all exposed metal work on buildings within or forming part of the
station, shall be grounded to the station ground electrode by a minimum of No. 2/0 AWG
copper in at least two places and at intervals not exceeding 12 m along the building perimeter;
(f) steel rails of railway spur tracks entering an outdoor station ground electrode area by a
copper conductor of not less than No. 2/0 AWG with the part of the spur track located outside
the station ground electrode area properly isolated from the station ground electrode or
grounded or both in order that touch voltages along the track not exceed the tolerable values
specified in Table 52.
(3) Where it is proven that touch and step potentials around a building shall not exceed the
tolerable values specified in Table 52, no loop need be installed around the building.
(4) A transmission line overhead ground wire shall be connected to the station ground
electrode with a grounding conductor of not less than No. 2/0 AWG copper that,
notwithstanding Rule 36-300(1), shall be permitted to be insulated.
(5) A line neutral conductor on grounded neutral systems shall be connected to the station
ground electrode by a grounding conductor having an ampacity not less than the neutral
conductor.
1 (6) A transformer neutral on solidly grounded neutral systems shall be connected to the
station ground electrode by a copper conductor sized as follows:
(a) conductors for grounding primary and secondary neutrals shall be not less than No. 2/0
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AWG and have sufficient ampacity to carry the maximum ground fault current of the
transformer in accordance with Table 51, and this grounding conductor shall be in addition to
the requirement of Subrule (2)(b)(i); and
(b) notwithstanding Subrule (6)(a), conductors for grounding low-voltage secondary neutrals
shall be sized in accordance with Section 10, provided that the size selected is suitable for the
maximum ground fault current on the transformer secondary.
(7) Connections to the items in Subrules (2)(d), (4), and (5) shall be made through removable
connectors that will permit isolation from the station ground electrode for the purpose of station
ground grid resistance measurement.
36-310 Gang-operated switch hand!e grounds
(1) The operating handle of all gang-operated switches not enclosed in metal housings shall
be grounded by one of the following methods:
(a) an approved, multi-revolution grounding device shall be connected to the station ground
electrode by a conductor having a current-carrying capacity of not less than No. 2/0 AWG
copper; or
(b) the operating shaft shall be grounded to the station ground electrode by a combination of
extra-flexible conductor, braid, and/or stranded conductor of not less than No. 2/0 AWG
copper.
(2) In addition to the requirements of Subrule (1), the touch voltage shall be maintained at a
tolerable level as specified in Table 52 at the location where the operator is normally standing
and shall be done as follows:
(a) by the use of a metallic gradient control mat connected to the operating handle grounding
conductor as required in Subrule (1) by two separate conductors, each not less than No. 2/0
AWG copper; and
(b) the gradient control mat shall
(i) be positioned so that the operator will not be required to step from the mat during the
operation of the switch;
(ii) be placed on a minimum of 150 mm of crushed stone on the ground;
(iii) have dimensions approximately 1.2 m x 1.8 m; and
(iv) be permitted to be covered by a layer of crushed stone, asphalt, or concrete not
exceeding 150 mm in depth.
36-312 Grounding of metallic fence enclosures of outdoor stations
(1) The fence shall be located at least I m inside the perimeter of the station ground
electrode area.
(2) The station ground electrode shall be connected to the fence by a tap conductor at each
end post, corner post, and gate post, and at intermediate posts at intervals not exceeding 12 m
by a conductor of not less than No. 2/0 AWG copper.
(3) The tap conductor at each hinge gate post shall be clamped or bonded to the gate frame
by a copper braid or a flexible copper conductor of at least No. 2/0 AWG.
(4) The tap conductor shall be connected to the fence post, the bottom tension wire, the
fence fabric (for which the conductor may be woven in at least two places), the top rail, and
each strand of barbed wire, with the connection to the bottom tension wire, the fence fabric,
and barbed wire strands made with bolted or equivalent connectors, and with the top rail
connections bonded at every joint by a jumper equivalent to No. 2/0 AWG copper.
(5) When there is a metal boundary fence in proximity to the station fence, the touch voltages
within 1 m of all parts of the boundary fence shall not exceed the tolerable values specified in
Table 52.

Section 38 — Elevators, dumbwaiters, material lifts, escalators,
moving walks, lifts for persons with physical disabilities, and
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Line Name: K24G Third line TS - Junction1 Date Surveyed: 10-Aug-2009

Situation ID
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Name of LDC: (1)

File Number:

Rate Year: 2010 Version: 1.0

Sheet Name

A Data Input Sheet

1 Rate Base

2 Utility Income

3 Taxes/PILS

4 Capitalization/Cost of Capital

5 Revenue Sufficiency/Deficiency

6 Revenue Requirement

7 Bill Impacts

Notes:
(1) Pale green cells represent inputs
(2)

Copyright
This Revenue Requirement Work Form Model is protected by copyright and is being made available to you solely for 
the purpose of preparing or reviewing your draft rate order.   You may use and copy this model for that purpose, and 
provide a copy of this model to any person that is advising or assisting you in that regard.  Except as indicated above, 
any copying, reproduction, publication, sale, adaptation, translation, modification, reverse engineering or other use or 
dissemination of this model without the express written consent of the Ontario Energy Board is prohibited.  If you 
provide a copy of this model to a person that is advising or assisting you in preparing or reviewing your draft rate 
order, you must ensure that the person understands and agrees to the restrictions noted above.

REVENUE REQUIREMENT WORK FORM

Please note that this model uses MACROS.  Before starting, please ensure that macros have been 
enabled.

Great Lakes Power Transmission LP
EB-2009-0408

Table of Content

1
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(1)

1 Rate Base
   Gross Fixed Assets (average) $285,382,423 (4) $285,382,423
   Accumulated Depreciation (average) ($76,784,441) (5) ($76,784,441)
Allowance for Working Capital:
   Controllable Expenses $11,105,600 (6) $11,105,600
   Cost of Power $ - $0
   Working Capital Rate (%) 3.61% 3.61%

2 Utility Income
Operating Revenues:
   Distribution Revenue at Current Rates $34,696,200
   Distribution Revenue at Proposed Rates $39,357,900
   Other Revenue:
      Specific Service Charges $ -
      Late Payment Charges $ -
      Other Distribution Revenue $ -
      Other Income and Deductions $7,200

Operating Expenses:
   OM+A Expenses $11,105,600 $11,105,600
   Depreciation/Amortization $7,406,900 $7,406,900
   Property taxes $258,200 $258,200
   Capital taxes $145,500
   Other expenses $ - $0

3 Taxes/PILs
Taxable Income:
   Adjustments required to arrive at taxable income ($2,957,500) (3)
Utility Income Taxes and Rates:
   Income taxes (not grossed up) $1,974,417
   Income taxes (grossed up) $2,861,475
   Capital Taxes $145,500
   Federal tax (%) 18.00%
   Provincial tax (%) 13.00%
Income Tax Credits $ -
   

4 Capitalization/Cost of Capital
Capital Structure:
   Long-term debt Capitalization Ratio (%) 57.5%
   Short-term debt Capitalization Ratio (%) 0.0% (2) (2)
   Common Equity Capitalization Ratio (%) 42.5%
   Prefered Shares Capitalization Ratio (%) 0.0%

Capital Structure 
must total 100%

Cost of Capital
   Long-term debt Cost Rate (%) 6.87%
   Short-term debt Cost Rate (%) 0.00%
   Common Equity Cost Rate (%) 10.50%
   Prefered Shares Cost Rate (%) 0.00%

Notes:

(1)
(2)
(3)
(4)
(5)

Rate Year:          2010

REVENUE REQUIREMENT WORK FORM
Name of LDC:    Great Lakes Power Transmission LP
File Number:      EB-2009-0408

Data Input

4.0% unless an Applicant has proposed or been approved for another amount.
Net of addbacks and deductions to arrive at taxable income.

All inputs are in dollars ($) except where inputs are individually identified as percentages (%)

This input sheet provides all inputs needed to complete sheets 1 through 6 (Rate Base through Revenue Requirement), except for 
Notes that the utility may wish to use to support the components.  Notes should be put on the applicable pages to understand the 
context of each such note. 

Average of Gross Fixed Assets at beginning and end of the Test Year

Application Adjustments Per Board Decision

Average of Accumulated Depreciation at the beginning and end of the Test Year.  Enter as a negative amount.
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Line 
No. Particulars Application Adjustments Per Board 

Decision

1 Gross Fixed Assets (average) (3) $285,382,423 $ - $285,382,423
2 Accumulated Depreciation (average) (3) ($76,784,441) $ - ($76,784,441)
3 Net Fixed Assets (average) (3) $208,597,982 $ - $208,597,982

4 Allowance for Working Capital (1) $401,200 $ - $401,200

5

6 Controllable Expenses $11,105,600 $ - $11,105,600
7 Cost of Power $ - $ - $ -
8 Working Capital Base $11,105,600 $ - $11,105,600

9 Working Capital Rate % (2) 3.61% 3.61%

10 Working Capital Allowance $401,200 $ - $401,200

(2)
(3)

File Number:      EB-2009-0408
Rate Year:          2010

REVENUE REQUIREMENT WORK FORM
Name of LDC:    Great Lakes Power Transmission LP

Notes

Rate Base

$208,999,182 $ - $208,999,182Total Rate Base

(1)                                     Allowance for Working Capital - Derivation

Generally 15%.  Some distributors may have a unique rate due as a result of a lead-lag study.
Average of opening and closing balances for the year.

3
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Line 
No.

Particulars                                Application   Adjustments Per Board 
Decision

Operating Revenues:
1 Distribution Revenue (at Proposed Rates) $39,357,900 $ - $39,357,900
2 Other Revenue (1) $7,200 $ - $7,200

3 Total Operating Revenues

Operating Expenses:
4 OM+A Expenses $11,105,600 $ - $11,105,600
5 Depreciation/Amortization $7,406,900 $ - $7,406,900
6 Property taxes $258,200 $ - $258,200
7 Capital taxes $145,500 $ - $145,500
8 Other expense $ - $ - $ -

9 Subtotal

10 Deemed Interest Expense $8,260,797 $ - $8,260,797

11 Total Expenses (lines 4 to 10) $27,176,997 $ - $27,176,997

12 Utility income before income taxes

13 Income taxes (grossed-up)

14 Utility net income

(1) Other Revenues / Revenue Offsets
  Specific Service Charges $ - $ -
  Late Payment Charges $ - $ -
  Other Distribution Revenue $ - $ -
  Other Income and Deductions $7,200 $7,200

Total Revenue Offsets

$18,916,200 $ -

$ - $12,188,103

REVENUE REQUIREMENT WORK FORM

File Number:      EB-2009-0408
Rate Year:          2010

Name of LDC:    Great Lakes Power Transmission LP

$ - $9,326,628$9,326,628

$7,200 $7,200

Utility income

Notes

$39,365,100 $ - $39,365,100

$12,188,103

$ - $2,861,475$2,861,475

$18,916,200

4
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Line 
No. Particulars Application Per Board 

Decision

Determination of Taxable Income

1 $9,326,588 $9,326,588

2 ($2,957,500) ($2,957,500)

3 $6,369,088 $6,369,088

Calculation of Utility income Taxes

4 Income taxes $1,974,417 $1,974,417
5 Capital taxes $145,500 $145,500

6 Total taxes

7 Gross-up of Income Taxes $887,057 $887,057

8 Grossed-up Income Taxes $2,861,475 $2,861,475

9 $3,006,975 $3,006,975

10 Other tax Credits $ - $ -

Tax Rates

11 Federal tax (%) 18.00% 18.00%
12 Provincial tax (%) 13.00% 13.00%
13 Total tax rate (%) 31.00% 31.00%

REVENUE REQUIREMENT WORK FORM

File Number:      EB-2009-0408
Rate Year:          2010

Name of LDC:    Great Lakes Power Transmission LP

Notes

Taxes/PILs

$2,119,917 $2,119,917

Utility net income

Adjustments required to arrive at taxable utility income

Taxable income

PILs / tax Allowance (Grossed-up Income taxes + 
Capital taxes)

5
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Line 
No. Particulars Cost Rate Return

(%) ($) (%) ($)
Debt

1   Long-term Debt 57.50% $120,174,530 6.87% $8,260,797
2   Short-term Debt 0.00% $ - 0.00% $ -
3 Total Debt 57.50% $120,174,530 6.87% $8,260,797

Equity
4   Common Equity 42.50% $88,824,652 10.50% $9,326,588
5   Preferred Shares 0.00% $ - 0.00% $ -
6 Total Equity 42.50% $88,824,652 10.50% $9,326,588

7 Total 100% $208,999,182 8.42% $17,587,386

(%) ($) (%)
Debt

8   Long-term Debt 57.50% $120,174,530 6.87% $8,260,797
9   Short-term Debt 0.00% $ - 0.00% $ -

10 Total Debt 57.50% $120,174,530 6.87% $8,260,797

Equity
11   Common Equity 42.5% $88,824,652 10.50% $9,326,588
12   Preferred Shares 0.0% $ - 0.00% $ -
13 Total Equity 42.5% $88,824,652 10.50% $9,326,588

14 Total 100% $208,999,182 8.42% $17,587,386

(1)

REVENUE REQUIREMENT WORK FORM

File Number:      EB-2009-0408
Rate Year:          2010

Name of LDC:    Great Lakes Power Transmission LP

4.0% unless an Applicant has proposed or been approved for another amount.

Capitalization/Cost of Capital

Capitalization Ratio

Notes

Per Board Decision

Application

6
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1    Revenue Deficiency from Below $4,661,660 $4,661,660
2    Distribution Revenue $34,696,200 $34,696,240 $34,696,200 $34,696,240
3    Other Operating Revenue Offsets - net $7,200 $7,200 $7,200 $7,200
4 Total Revenue $34,703,400 $39,365,100 $34,703,400 $39,365,100

5 Operating Expenses $18,916,200 $18,916,200 $18,916,200 $18,916,200
6 Deemed Interest Expense $8,260,797 $8,260,797 $8,260,797 $8,260,797

Total Cost and Expenses $27,176,997 $27,176,997 $27,176,997 $27,176,997

7 Utility Income Before Income Taxes $7,526,403 $12,188,103 $7,526,403 $12,188,103
   

8
Tax Adjustments to Accounting               
Income per 2009 PILs ($2,957,500) ($2,957,500) ($2,957,500) ($2,957,500)

9 Taxable Income $4,568,903 $9,230,603 $4,568,903 $9,230,603

10    Income Tax Rate 31.00% 31.00% 31.00% 31.00%
11    Income Tax on Taxable Income $1,416,360 $2,861,487 $1,416,360 $2,861,487
12    Income Tax Credits $ - $ - $ - $ -
13 Utility Net Income $6,110,043 $9,326,628 $6,110,043 $9,326,628

14 Utility Rate Base $208,999,182 $208,999,182 $208,999,182 $208,999,182

Deemed Equity Portion of Rate Base $88,824,652 $88,824,652 $88,824,652 $88,824,652

15 Income/Equity Rate Base (%) 6.88% 10.50% 6.88% 10.50%
16 Target Return - Equity on Rate Base 10.50% 10.50% 10.50% 10.50%

Sufficiency/Deficiency in Return on Equity -3.62% 0.00% -3.62% 0.00%

17 Indicated Rate of Return 6.88% 8.42% 6.88% 8.42%
18 Requested Rate of Return on Rate Base 8.42% 8.42% 8.42% 8.42%
19 Sufficiency/Deficiency in Rate of Return -1.54% 0.00% -1.54% 0.00%

20 Target Return on Equity $9,326,588 $9,326,588 $9,326,588 $9,326,588
21 Revenue Sufficiency/Deficiency $3,216,546 $40 $3,216,546 $40
22 Gross Revenue Sufficiency/Deficiency $4,661,660 (1) $4,661,660 (1)

(1)

REVENUE REQUIREMENT WORK FORM
Name of LDC:    Great Lakes Power Transmission LP
File Number:      EB-2009-0408
Rate Year:          2010

Revenue Sufficiency/Deficiency divided by (1 - Tax Rate)
Notes:

ParticularsLine 
No.

Per Application

Revenue Sufficiency/Deficiency

At Proposed 
Rates

At Proposed 
Rates

At Current 
Approved Rates

Per Board Decision
At Current 

Approved Rates

7
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Line 
No.

Particulars Application   

1 OM&A Expenses $11,105,600
2 Amortization/Depreciation $7,406,900
3 Property Taxes $258,200
4 Capital Taxes $145,500
5 Income Taxes (Grossed up) $2,861,475
6 Other Expenses $ -
7 Return

  Deemed Interest Expense $8,260,797
  Return on Deemed Equity $9,326,588

8
Distribution Revenue Requirement 
before Revenues $39,365,060

9 Distribution revenue $39,357,900
10 Other revenue $7,200

11 Total revenue

12

Difference (Total Revenue Less 
Distribution Revenue Requirement 
before Revenues) (1) (1)

(1) Line 11 - Line 8

Revenue Requirement

$7,406,900

REVENUE REQUIREMENT WORK FORM
Name of LDC:    Great Lakes Power Transmission LP
File Number:      EB-2009-0408
Rate Year:          2010

$ -

Per Board Decision

$11,105,600

$39,365,100

$40

$7,200

Notes

$40

$39,365,100

$258,200

$39,365,060

$39,357,900

$145,500
$2,861,475

$8,260,797
$9,326,588

8
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$ %  $ %

REVENUE REQUIREMENT WORK FORM

File Number:      EB-2009-0408
Rate Year:          2010

Selected Delivery Charge and Bill Impacts                              
Per Draft Rate Order

Name of LDC:    Great Lakes Power Transmission LP

-$         

Per Draft 
Rate Order Current

Monthly Delivery Charge Total Bill

-$         -$         

Notes:

ChangeChange Per Draft 
Rate OrderCurrent

-$         

Residential 

GS < 50kW

800 kWh/month

2000 kWh/month

9
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Name of LDC: (1)

File Number:

Rate Year: 2010 Version: 1.0

Sheet Name

A Data Input Sheet

1 Rate Base

2 Utility Income

3 Taxes/PILS

4 Capitalization/Cost of Capital

5 Revenue Sufficiency/Deficiency

6 Revenue Requirement

7 Bill Impacts

Notes:
(1) Pale green cells represent inputs
(2)

Copyright
This Revenue Requirement Work Form Model is protected by copyright and is being made available to you solely for 
the purpose of preparing or reviewing your draft rate order.   You may use and copy this model for that purpose, and 
provide a copy of this model to any person that is advising or assisting you in that regard.  Except as indicated above, 
any copying, reproduction, publication, sale, adaptation, translation, modification, reverse engineering or other use or 
dissemination of this model without the express written consent of the Ontario Energy Board is prohibited.  If you 
provide a copy of this model to a person that is advising or assisting you in preparing or reviewing your draft rate 
order, you must ensure that the person understands and agrees to the restrictions noted above.

REVENUE REQUIREMENT WORK FORM

Please note that this model uses MACROS.  Before starting, please ensure that macros have been 
enabled.

Great Lakes Power Transmission LP
EB-2009-0408

Table of Content

1
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(1)

1 Rate Base
   Gross Fixed Assets (average) $285,382,423 (4) $285,382,423
   Accumulated Depreciation (average) ($76,784,441) (5) ($76,784,441)
Allowance for Working Capital:
   Controllable Expenses $11,105,600 (6) $11,105,600
   Cost of Power $ - $0
   Working Capital Rate (%) 3.61% 3.61%

2 Utility Income
Operating Revenues:
   Distribution Revenue at Current Rates $34,696,200
   Distribution Revenue at Proposed Rates $38,907,826
   Other Revenue:
      Specific Service Charges $ -
      Late Payment Charges $ -
      Other Distribution Revenue $ -
      Other Income and Deductions $7,200

Operating Expenses:
   OM+A Expenses $11,105,600 $11,105,600
   Depreciation/Amortization $7,406,900 $7,406,900
   Property taxes $258,200 $258,200
   Capital taxes $145,500
   Other expenses $ - $0

3 Taxes/PILs
Taxable Income:
   Adjustments required to arrive at taxable income ($2,957,500) (3)
Utility Income Taxes and Rates:
   Income taxes (not grossed up) $1,954,981
   Income taxes (grossed up) $2,833,305
   Capital Taxes $145,500
   Federal tax (%) 18.00%
   Provincial tax (%) 13.00%
Income Tax Credits $ -
   

4 Capitalization/Cost of Capital
Capital Structure:
   Long-term debt Capitalization Ratio (%) 55.0%
   Short-term debt Capitalization Ratio (%) 0.0% (2) (2)
   Common Equity Capitalization Ratio (%) 45.0%
   Prefered Shares Capitalization Ratio (%) 0.0%

Capital Structure 
must total 100%

Cost of Capital
   Long-term debt Cost Rate (%) 6.87%
   Short-term debt Cost Rate (%) 0.00%
   Common Equity Cost Rate (%) 9.85%
   Prefered Shares Cost Rate (%) 0.00%

Notes:

(1)
(2)
(3)
(4)
(5)

Application Adjustments Per Board Decision

Average of Accumulated Depreciation at the beginning and end of the Test Year.  Enter as a negative amount.

Data Input

4.0% unless an Applicant has proposed or been approved for another amount.
Net of addbacks and deductions to arrive at taxable income.

All inputs are in dollars ($) except where inputs are individually identified as percentages (%)

This input sheet provides all inputs needed to complete sheets 1 through 6 (Rate Base through Revenue Requirement), except for 
Notes that the utility may wish to use to support the components.  Notes should be put on the applicable pages to understand the 
context of each such note. 

Average of Gross Fixed Assets at beginning and end of the Test Year

Rate Year:          2010

REVENUE REQUIREMENT WORK FORM
Name of LDC:    Great Lakes Power Transmission LP
File Number:      EB-2009-0408

2
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Line 
No. Particulars Application Adjustments Per Board 

Decision

1 Gross Fixed Assets (average) (3) $285,382,423 $ - $285,382,423
2 Accumulated Depreciation (average) (3) ($76,784,441) $ - ($76,784,441)
3 Net Fixed Assets (average) (3) $208,597,982 $ - $208,597,982

4 Allowance for Working Capital (1) $401,200 $ - $401,200

5

6 Controllable Expenses $11,105,600 $ - $11,105,600
7 Cost of Power $ - $ - $ -
8 Working Capital Base $11,105,600 $ - $11,105,600

9 Working Capital Rate % (2) 3.61% 3.61%

10 Working Capital Allowance $401,200 $ - $401,200

(2)
(3)

Generally 15%.  Some distributors may have a unique rate due as a result of a lead-lag study.
Average of opening and closing balances for the year.

Notes

Rate Base

$208,999,182 $ - $208,999,182Total Rate Base

(1)                                     Allowance for Working Capital - Derivation

File Number:      EB-2009-0408
Rate Year:          2010

REVENUE REQUIREMENT WORK FORM
Name of LDC:    Great Lakes Power Transmission LP

3
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Line 
No.

Particulars                                Application   Adjustments Per Board 
Decision

Operating Revenues:
1 Distribution Revenue (at Proposed Rates) $38,907,826 $ - $38,907,826
2 Other Revenue (1) $7,200 $ - $7,200

3 Total Operating Revenues

Operating Expenses:
4 OM+A Expenses $11,105,600 $ - $11,105,600
5 Depreciation/Amortization $7,406,900 $ - $7,406,900
6 Property taxes $258,200 $ - $258,200
7 Capital taxes $145,500 $ - $145,500
8 Other expense $ - $ - $ -

9 Subtotal

10 Deemed Interest Expense $7,901,632 $ - $7,901,632

11 Total Expenses (lines 4 to 10) $26,817,832 $ - $26,817,832

12 Utility income before income taxes

13 Income taxes (grossed-up)

14 Utility net income

(1) Other Revenues / Revenue Offsets
  Specific Service Charges $ - $ -
  Late Payment Charges $ - $ -
  Other Distribution Revenue $ - $ -
  Other Income and Deductions $7,200 $7,200

Total Revenue Offsets

Utility income

Notes

$38,915,026 $ - $38,915,026

$12,097,194

$ - $2,833,305$2,833,305

$18,916,200

$ - $9,263,889$9,263,889

$7,200 $7,200

REVENUE REQUIREMENT WORK FORM

File Number:      EB-2009-0408
Rate Year:          2010

Name of LDC:    Great Lakes Power Transmission LP

$18,916,200 $ -

$ - $12,097,194

4
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Line 
No. Particulars Application Per Board 

Decision

Determination of Taxable Income

1 $9,263,889 $9,263,889

2 ($2,957,500) ($2,957,500)

3 $6,306,389 $6,306,389

Calculation of Utility income Taxes

4 Income taxes $1,954,981 $1,954,981
5 Capital taxes $145,500 $145,500

6 Total taxes

7 Gross-up of Income Taxes $878,325 $878,325

8 Grossed-up Income Taxes $2,833,305 $2,833,305

9 $2,978,805 $2,978,805

10 Other tax Credits $ - $ -

Tax Rates

11 Federal tax (%) 18.00% 18.00%
12 Provincial tax (%) 13.00% 13.00%
13 Total tax rate (%) 31.00% 31.00%

Notes

Taxes/PILs

$2,100,481 $2,100,481

Utility net income

Adjustments required to arrive at taxable utility income

Taxable income

PILs / tax Allowance (Grossed-up Income taxes + 
Capital taxes)

REVENUE REQUIREMENT WORK FORM

File Number:      EB-2009-0408
Rate Year:          2010

Name of LDC:    Great Lakes Power Transmission LP

5
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Line 
No. Particulars Cost Rate Return

(%) ($) (%) ($)
Debt

1   Long-term Debt 55.00% $114,949,550 6.87% $7,901,632
2   Short-term Debt 0.00% $ - 0.00% $ -
3 Total Debt 55.00% $114,949,550 6.87% $7,901,632

Equity
4   Common Equity 45.00% $94,049,632 9.85% $9,263,889
5   Preferred Shares 0.00% $ - 0.00% $ -
6 Total Equity 45.00% $94,049,632 9.85% $9,263,889

7 Total 100% $208,999,182 8.21% $17,165,521

(%) ($) (%)
Debt

8   Long-term Debt 55.00% $114,949,550 6.87% $7,901,632
9   Short-term Debt 0.00% $ - 0.00% $ -

10 Total Debt 55.00% $114,949,550 6.87% $7,901,632

Equity
11   Common Equity 45.0% $94,049,632 9.85% $9,263,889
12   Preferred Shares 0.0% $ - 0.00% $ -
13 Total Equity 45.0% $94,049,632 9.85% $9,263,889

14 Total 100% $208,999,182 8.21% $17,165,521

(1)

Capitalization/Cost of Capital

Capitalization Ratio

Notes

Per Board Decision

Application

4.0% unless an Applicant has proposed or been approved for another amount.

REVENUE REQUIREMENT WORK FORM

File Number:      EB-2009-0408
Rate Year:          2010

Name of LDC:    Great Lakes Power Transmission LP
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1    Revenue Deficiency from Below $4,211,626 $4,211,626
2    Distribution Revenue $34,696,200 $34,696,200 $34,696,200 $34,696,200
3    Other Operating Revenue Offsets - net $7,200 $7,200 $7,200 $7,200
4 Total Revenue $34,703,400 $38,915,026 $34,703,400 $38,915,026

5 Operating Expenses $18,916,200 $18,916,200 $18,916,200 $18,916,200
6 Deemed Interest Expense $7,901,632 $7,901,632 $7,901,632 $7,901,632

Total Cost and Expenses $26,817,832 $26,817,832 $26,817,832 $26,817,832

7 Utility Income Before Income Taxes $7,885,568 $12,097,194 $7,885,568 $12,097,194
   

8
Tax Adjustments to Accounting               
Income per 2009 PILs ($2,957,500) ($2,957,500) ($2,957,500) ($2,957,500)

9 Taxable Income $4,928,068 $9,139,694 $4,928,068 $9,139,694

10    Income Tax Rate 31.00% 31.00% 31.00% 31.00%
11    Income Tax on Taxable Income $1,527,701 $2,833,305 $1,527,701 $2,833,305
12    Income Tax Credits $ - $ - $ - $ -
13 Utility Net Income $6,357,867 $9,263,889 $6,357,867 $9,263,889

14 Utility Rate Base $208,999,182 $208,999,182 $208,999,182 $208,999,182

Deemed Equity Portion of Rate Base $94,049,632 $94,049,632 $94,049,632 $94,049,632

15 Income/Equity Rate Base (%) 6.76% 9.85% 6.76% 9.85%
16 Target Return - Equity on Rate Base 9.85% 9.85% 9.85% 9.85%

Sufficiency/Deficiency in Return on Equity -3.09% 0.00% -3.09% 0.00%

17 Indicated Rate of Return 6.82% 8.21% 6.82% 8.21%
18 Requested Rate of Return on Rate Base 8.21% 8.21% 8.21% 8.21%
19 Sufficiency/Deficiency in Rate of Return -1.39% 0.00% -1.39% 0.00%

20 Target Return on Equity $9,263,889 $9,263,889 $9,263,889 $9,263,889
21 Revenue Sufficiency/Deficiency $2,906,022 $ - $2,906,022 $ -
22 Gross Revenue Sufficiency/Deficiency $4,211,626 (1) $4,211,626 (1)

(1)

Revenue Sufficiency/Deficiency

At Proposed 
Rates

At Proposed 
Rates

At Current 
Approved Rates

Per Board Decision
At Current 

Approved Rates

Notes:

ParticularsLine 
No.

Per Application

Revenue Sufficiency/Deficiency divided by (1 - Tax Rate)

REVENUE REQUIREMENT WORK FORM
Name of LDC:    Great Lakes Power Transmission LP
File Number:      EB-2009-0408
Rate Year:          2010
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Line 
No.

Particulars Application   

1 OM&A Expenses $11,105,600
2 Amortization/Depreciation $7,406,900
3 Property Taxes $258,200
4 Capital Taxes $145,500
5 Income Taxes (Grossed up) $2,833,305
6 Other Expenses $ -
7 Return

  Deemed Interest Expense $7,901,632
  Return on Deemed Equity $9,263,889

8
Distribution Revenue Requirement 
before Revenues $38,915,026

9 Distribution revenue $38,907,826
10 Other revenue $7,200

11 Total revenue

12

Difference (Total Revenue Less 
Distribution Revenue Requirement 
before Revenues) (1) (1)

(1) Line 11 - Line 8

$ -

$38,915,026

$258,200

$38,915,026

$38,907,826

$145,500
$2,833,305

$7,901,632
$9,263,889

$ -

Per Board Decision

$11,105,600

$38,915,026

$ -

$7,200

Notes

Revenue Requirement

$7,406,900

REVENUE REQUIREMENT WORK FORM
Name of LDC:    Great Lakes Power Transmission LP
File Number:      EB-2009-0408
Rate Year:          2010
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$ %  $ %

Residential 

GS < 50kW

800 kWh/month

2000 kWh/month -$         

ChangeChange Per Draft 
Rate OrderCurrent

Notes:

Current

Monthly Delivery Charge Total Bill

-$         -$         

-$         

Per Draft 
Rate Order

REVENUE REQUIREMENT WORK FORM

File Number:      EB-2009-0408
Rate Year:          2010

Selected Delivery Charge and Bill Impacts                              
Per Draft Rate Order

Name of LDC:    Great Lakes Power Transmission LP
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Great Lakes Power Transmission LP
EB-2009-0408
Response to Board Staff IR #97

2004 Charge Demand Charge Demand Charge Demand

July $818,003 289,047        $187,090 228,158        $306,911 204,607        
August $852,540 301,251        $191,332 233,332        $316,692 211,128        
September $917,693 324,273        $206,568 251,912        $346,232 230,821        
October $939,900 332,120        $212,978 259,729        $357,918 238,612        
November $951,234 336,125        $199,532 243,332        $338,510 225,673        
December $1,117,779 394,975        $200,910 245,012        $353,583 235,722        

$5,597,149 1,977,791    $1,198,410 1,461,475   $2,019,845 1,346,563   

2005 Charge Demand Charge Demand Charge Demand

January $1,124,798 397,455        $203,853 248,601        $353,688 235,792        
February $1,008,720 356,438        $197,556 240,922        $342,735 228,490        
March $1,023,772 361,757        $202,303 246,711        $349,539 233,026        
April $946,179 334,339        $211,607 258,057        $355,296 236,864        
May $865,572 305,856        $201,028 245,156        $334,359 222,906        
June $884,505 312,546        $197,374 240,700        $326,477 217,651        
July $877,385 310,030        $193,965 236,543        $325,194 216,796        
August $854,233 301,849        $200,701 244,757        $337,056 224,704        
September $900,738 318,282        $204,940 249,927        $339,521 226,347        
October $877,093 309,927        $200,442 244,442        $335,390 223,593        
November $1,064,476 376,140        $201,541 245,672        $342,948 228,632        
December $1,052,508 371,911        $203,025 247,592        $352,658 235,105        

$11,479,980 4,056,530    $2,418,336 2,949,080   $4,094,859 2,729,906   

2006 Charge Demand Charge Demand Charge Demand

January $1,066,511 376,859        $216,327 263,814        $369,752 246,501        
February $1,042,201 368,269        $204,803 249,760        $351,546 234,364        
March $1,016,720 359,265        $214,971 262,160        $363,810 242,540        
April $983,281 347,449        $207,179 252,657        $344,999 229,999        
May $863,226 305,027        $193,619 236,121        $322,283 214,855        
June $880,130 311,000        $210,629 256,865        $349,640 233,093        
July $924,929 326,830        $205,984 251,200        $343,223 228,815        

Line ConnectionNetwork Transformation Conn.

650 651 652
Network Line Connection Transformation Conn.

650 651 652

650 651 652

Network Line Connection Transformation Conn.
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August $954,384 337,238        $204,833 249,796        $341,489 227,659        
September $823,213 290,888        $194,793 237,552        $323,294 215,529        
October $910,635 321,779        $198,656 242,264        $333,032 222,021        
November $909,421 321,350        $185,001 225,611        $308,648 205,765        
December $1,025,088 362,222        $205,315 250,384        $143,445 95,630          

$11,399,738 4,028,176    $2,442,111 2,978,184   $3,895,157 2,596,771   

2007 Charge Demand Charge Demand Charge Demand

January $1,056,241 373,230        $203,700 248,415        $148,925 99,283          
February $1,072,932 379,128        $208,345 254,079        $148,476 98,984          
March $1,039,745 367,401        $200,394 244,383        $147,039 98,026          
April $918,094 324,415        $196,028 239,058        $126,311 84,207          
May $771,268 272,533        $165,090 201,329        $67,596 45,064          
June $871,999 308,127        $191,450 233,476        $109,551 73,034          
July $857,201 302,898        $186,985 228,031        $123,180 82,120          
August $834,442 294,856        $184,362 224,832        $133,236 88,824          
September $882,669 311,897        $207,096 252,556        $125,250 83,500          
October $904,114 319,475        $224,313 273,552        $140,802 93,868          
November $878,121 380,139        $162,255 275,008        $156,696 97,327          
December $869,509 376,411        $154,575 261,991        $153,826 95,544          

$10,956,337 4,010,510    $2,284,592 2,936,710   $1,580,887 1,039,781   

2008 Charge Demand Charge Demand Charge Demand

January $905,153 391,841        $157,467 266,893        $157,514 97,835          
February $892,810 386,498        $149,605 253,568        $148,207 92,054          
March $827,629 358,281        $152,620 258,678        $172,152 106,927        
April $781,496 338,310        $147,688 250,319        $145,713 90,505          
May $696,220 301,394        $142,694 241,855        $131,999 81,987          
June $728,334 315,296        $145,118 245,936        $126,826 78,774          
July $697,879 302,112        $142,788 242,014        $125,034 77,661          
August $709,061 306,953        $141,041 239,052        $120,418 74,794          
September $678,715 293,816        $141,278 239,454        $130,780 81,230          
October $765,975 331,591        $148,276 251,316        $140,984 87,568          
November $766,617 331,869        $133,427 226,148        $135,464 84,139          
December $833,751 360,931        $148,174 251,142        $162,921 101,193        

$9,283,641 4,018,892    $1,750,177 2,966,375   $1,698,014 1,054,667   

Transformation Conn.Line ConnectionNetwork
650 651 652

650 651 652
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2009 Charge Demand Charge Demand Charge Demand

January $996,728 387,832        $175,069 250,099        $150,219 92,728          
February $959,535 373,360        $164,602 235,146        $147,226 90,880          
March $951,915 370,395        $171,501 245,002        $154,115 95,133          
April $805,495 313,422        $159,942 228,488        $144,327 89,091          
May $684,705 266,422        $153,708 219,583        $116,778 72,085          
June $759,834 295,655        $158,887 226,981        $128,698 79,443          
July $731,787 275,108        $163,135 233,050        $108,923 69,378          
August $808,965 304,122        $176,094 251,563        $121,598 77,451          
September $785,772 295,403        $184,653 263,790        $135,020 86,000          
October $833,341 313,286        $175,518 250,740        $140,190 89,293          
November $889,225 334,295        $182,652 260,931        $129,577 82,533          
December $919,972 345,854        $179,816 256,880        $139,491 88,848          

$10,127,272 3,875,154    $2,045,577 2,922,253   $1,616,163 1,012,863   

kW kW kW
2004 (Jul-Dec) $5,597,149 1,977,791     $1,198,410 1,461,475     $2,019,845 1,346,563     

2005 $11,479,980 4,056,530     $2,418,336 2,949,080     $4,094,859 2,729,906     
2006 $11,399,738 4,028,176     $2,442,111 2,978,184     $3,895,157 2,596,771     
2007 $10,956,337 4,010,510     $2,284,592 2,936,710     $1,580,887 1,039,781     
2008 4,018,892     2,966,375     1,054,667     
2009 3,875,154     2,922,253     1,012,863     

Averages (5 yr / 5 yr / 2 yr): 4,019,797    2,939,425   1,057,605   

Proposed: 4,019,797    2,939,425   1,057,605   

Current: 4,150,498    2,847,032   2,777,933   

Variance: (130,701)       92,393          (1,720,328)    

-3.15% 3.25% -61.93%

650 651 652
Network Line Connection Transformation Conn.
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