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Hawaii Electric Light Company, Inc..

MILES NAGATO

EDUCATIONAL BACKGROUND AND EXPERIENCE

BUSINESS ADDRESS:

POSITION:

YEARS OE SERVICE:

UNIVERSITY:

DEGREE:

PREVIOUS POSITIONS:

Hawaii Electric Light Company, Inc.
54 Halekauila Street, Hilo, HI 96720

Manager
Distribution Department 

22 Years

University of Hawaii, Manoa

Bachelor of Science in Electrical Engineering

Acting Manager 
Distribution Department
Hawaii Electric Light Company, Inc. (2014-2015)

Superintendent, Construction ^Maintenance 
East Hawaii Construction & Maintenance Division 
Distribution Department
Hawaii Electric Light Company, Inc. (2008-2014)

Superintendent, Technical
Technical Division, Distribution Department
Hawaii Electric Light Company, Inc. (2001-2008)

Staff Engineer
Distribution Administration Division 
Distribution Department
Hawaii Electric Light Company, Inc. (1998-2001) 

Electrical Engineer
Planning Division, Engineering Department 
Hawaii Electric Light Company, Inc. (1994-1998)



Hawai‘i Electric Light Company, Inc. 

2016 Test Year Rate Case 
Distribution Department 

Operation and Maintenance Expenses 
($ Thousands)
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A B C D E
(See HELCO-WP-803) =sum(A to D)

2016 2016
Operating Adjustments Test Year

NARUC Block Reference L/NL Budget Budget Normalization Ratemaking Estimate

1 Production HELCO-801 p.2 L $ 52 $ - $ $ $ 52
2 Production HELCO-801 p.5 NL 50 1 - - 51
3 Subtotal 102 1 103

4 Transmission HELCO-801 p.2 L 1,067 (51) - - 1,016
5 Transmission HELCO-801 p.5 NL 3,605 (239) (234) - 3,132
6 Subtotal 4,672 (289) (234) - 4,149

7 Distribution HELCO-801 p.3 L 2,770 (191) - - 2,579
8 Distribution HELCO-801 p.6 NL 11,876 39 (1,084) - 10,831
9 Subtotal 14,646 (152) (1,084) - 13,410

10 Customer Accounts HELCO-801 p.3 L 37 - - - 37
11 Customer Accounts HELCO-801 p.6 NL 33 1 - - 34
12 Subtotal 70 1 - - 71

13 Customer Services HELCO-801 p.3 L - - - - -
14 Customer Services HELCO-801 p.6 NL - - - - -
15 Subtotal - - - - -

16 A&G HELCO-801 p.4 L 461 (454) - - 7
17 A&G HELCO-801 p.7 NL 483 (432) - - 51
18 Subtotal 944 (886) 58

19 Total Distribution Department L 4,387 (696) - - 3,692
20 Total Distribution Department NL 16,047 (630) (1,318) - 14,099
21 Grand Total $ 20,434 $ (1,326) $ (1,318) $ $ 17,791

Notes:
♦ Totals may not add exactly due to rounding.
♦ See O&M expense aggregation schedule at HELCO-1101 which incorporates lines 3, 6, 9, 15, and 18 above to arrive 

at the balances presented in the results of operation in the revenue requirement calculation. Revenue requirement 
calculation is presented in HELCO-2701.



Hawai‘i Electric Light Company, Inc. 
2016 Test Year Rate Case 
Distribution Department 

Labor Operation and Maintenance Expenses 
(S Thousands)
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A BCD E

(See HELCO-WP-803) =sum(A to D)
2016 2016

Operating Adi ustments Test Year
NARUC Block Budget Budget Normalization Ratemaking Estimate

Production Operation (B30)
1 HDA Admin-Distribution $ $
2 HDC Technical 23 23
3 HDH Hilo Constr & Main - -
4 HDK Kona District - -
5 HDR Hilo Operations - -
6 HDS Stores - -
7 HDW Waimea District - -
8 Subtotal 23 - 23

Production Maintenance (B31)
9 HDA Admin-Distribution - -

10 HDC Technical 30 30
11 HDH Hilo Constr & Main - -
12 HDK Kona District - -
13 HDR Hilo Operations - -
14 HDS Stores - -
15 HDW Waimea District - -
16 Subtotal 30 - 30

Transmission Operation (B32)
17 HDA Admin-Distribution (0) (0)
18 HDC Technical 135 135
19 HDH Hilo Constr & Main 109 109
20 HDK Kona District 16 16
21 HDR Hilo Operations 28 28
22 HDS Stores - -
23 HDW Waimea District 10 10
24 Subtotal 299 - 299

Transmission Maintenance (B33)
25 HDA Admin-Distribution (0) (0)
26 HDC Technical 437 437
27 HDH Hilo Constr & Main 30 (6) 24
28 HDK Kona District 175 (33) 142
29 HDR Hilo Operations 27 27
30 HDS Stores - -
31 HDW Waimea District 99 (12) 87
32 Subtotal 768 (51) 718



Hawai‘i Electric Light Company, Inc. 
2016 Test Year Rate Case 
Distribution Department 

Labor Operation and Maintenance Expenses 
(S Thousands)
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A BCD E
(See HELCO-WP-803) =sum(A to D)

2016 2016
Operating Adi ustments Test Year

NARUC Block Budget Budget Normalization Ratemaking Estimate
Distribution Operation (B34)

33 HDA Admin-Distribution (0) (0)
34 HDC Technical 191 191
35 HDH Hilo Constr & Main 214 (8) 206
36 HDK Kona District 208 208
37 HDR Hilo Operations 37 37
38 HDS Stores - -
39 HDW Waimea District 54 54
40 Subtotal 704 (8) 696

Distribution Maintenance (B35)
41 HDA Admin-Distribution 114 114
42 HDC Technical 397 397
43 HDH Hilo Constr & Main 799 (154) 645
44 HDK Kona District 388 (21) 368
45 HDR Hilo Operations 13 13
46 HDS Stores - -
47 HDW Waimea District 355 (8) 347
48 Subtotal 2,066 (183) 1,883

Customer Accounts (B36)
49 HDA Admin-Distribution - -
50 HDC Technical - -
51 HDH Hilo Constr & Main 1 1
52 HDK Kona District 31 31
53 HDR Hilo Operations - -
54 HDS Stores - -
55 HDW Waimea District 5 5
56 Subtotal 37 - 37

Customer Service (B37)
57 HDA Admin-Distribution - -
58 HDC Technical - -
59 HDH Hilo Constr & Main - -
60 HDK Kona District - -
61 HDR Hilo Operations - -
62 HDS Stores - -
63 HDW Waimea District - -
64 Subtotal - . -



Hawai‘i Electric Light Company, Inc. 
2016 Test Year Rate Case 
Distribution Department 

Labor Operation and Maintenance Expenses 
(S Thousands)
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B

2016 
Operating

(See HELCO-WP-803)

Adjustments

E
=sum(A to D)

2016
Test Year

NARUC Block Budget Budget Normalization Ratemaking Estimate
65 A&G (B38, B39)
66 HDA Admin-Distribution 0 0
67 HDC Technical 134 (134) (0)
68 HDH Hilo Constr & Main 148 (147) 1
69 HDK Kona E)istrict 92 (87) 5
70 HDR Hilo Operations 4 (4) 0
71 HDS Stores 0 0
72 HDW Waimea District 83 (82) 1
73 Subtotal 461 (454) - 7

Grand Total
74 Distribution Department Labor Expense S 4,387 S (696) S s S 3,692

Notes:
• Totals may not add exactly due to rounding.
• Column A: HELCO-WP-101 (HELCO 2016 Rate Case Reports)
• Columns B, C, D: HECO-WP-803
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Hawai‘i Electric Light Company, Inc.

2016 Test Year Rate Case 
Distribution Department

Non-Labor Operation and Maintenance Expenses 
(S Thousands)

A BCD E

(See HELCO-WP-803) =sum(A to D)
2016 2016

Operating Adi ustments Test Year
NARUC Block Budget Budget Normalization Ratemaking Estimate

Production Operation (B30)
1 HDA Admin-Distribution $ $ 0 $ 0
2 HDC Technical 21 21
3 HDH Hilo Constr & Main - -
4 HDK Kona District - -
5 HDR Hilo Operations - -
6 HDS Stores - -
7 HDW Waimea District - -
8 Subtotal 21 0 22

Production Maintenance (B31)
9 HDA Admin-Distribution - 1 1

10 HDC Technical 27 27
11 HDH Hilo Constr & Main - -
12 HDK Kona District 1 1
13 HDR Hilo Operations 0 0
14 HDS Stores - -
15 HDW Waimea District - -
16 Subtotal 29 1 29

Transmission Operation (B32)
17 HDA Admin-Distribution (0) 7 7
18 HDC Technical 142 142
19 HDH Hilo Constr & Main 114 114
20 HDK Kona District 14 14
21 HDR Hilo Operations 28 28
22 HDS Stores - -
23 HDW Waimea District 9 9
24 Subtotal 307 7 314

Transmission Maintenance (B33)
25 HDA Admin-Distribution (0) 56 56
26 HDC Technical 681 (9) 672
27 HDH Hilo Constr & Main 1,935 (5) (225) 1,705
28 HDK Kona District 486 (286) 200
29 HDR Hilo Operations 25 25
30 HDS Stores - -
31 HDW Waimea District 171 (10) 160
32 Subtotal 3,298 (245) (234) 2,818
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Hawai‘i Electric Light Company, Inc.

2016 Test Year Rate Case 
Distribution Department

Non-Labor Operation and Maintenance Expenses 
(S Thousands)

B c D E
(See HELCO-WP-803) =sum(AtoD)

NARUC Block

2016
Operating

Budget Budget
Adi ustments

Normalization Ratemaking

2016
Test Year
Estimate

Distribution Operation (B34)
33 HDA Admin-Distribution 5 18 22
34 HDC Technical 281 281
35 HDH Hilo Constr & Main 186 (6) 180
36 HDK Kona District 309 309
37 HDR Hilo Operations 77 77
38 HDS Stores 1 1
39 HDW Waimea District 54 54
40 Subtotal 912 12 - 924

Distribution Maintenance (B35)
41 HDA Admin-Distribution 186 186 (11) 361
42 HDC Technical 809 (34) 775
43 HDH Hilo Constr & Main 3,135 (139) (298) 2,699
44 HDK Kona District 3,771 (17) (405) 3,349
45 HDR Hilo Operations 14 14
46 HDS Stores 1 1
47 HDW Waimea District 3,049 (3) (337) 2,708
48 Subtotal 10,965 27 (1,084) 9,908

Customer Accounts (B36)
49 HDA Admin-Distribution - 1 1
50 HDC Technical 1 1
51 HDH Hilo Constr & Main 1 1
52 HDK Kona District 27 27
53 HDR Hilo Operations - -
54 HDS Stores - -
55 HDW Waimea District 4 4
56 Subtotal 33 1 - 34

Customer Service (B37)
57 HDA Admin-Distribution - -
58 HDC Technical - -
59 HDH Hilo Constr & Main - -
60 HDK Kona District - -
61 HDR Hilo Operations - -
62 HDS Stores - -
63 HDW Waimea District - -
64 Subtotal - - - -
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Hawai‘i Electric Light Company, Inc.

2016 Test Year Rate Case 
Distribution Department

Non-Labor Operation and Maintenance Expenses 
(S Thousands)

B

NARUC Block

2016
Operating

Budget

(See HELCO-WP-803)

Adjustments
Budget Normalization Ratemaking

E
=sum(A to D)

2016
Test Year 
Estimate

65 A&G(B38,B39)
66 HDA Admin-Distribution 1 15 16
67 HDC Technical 167 (154) 13
68 HDH Hilo Constr & Main 129 (128) 1
69 HDK Kona E)istrict 83 (76) 7
70 HDR Hilo Operations 4 (4) 0
71 HDS Stores 0 0
72 HDW Waimea District 98 (84) 14
73 Subtotal 483 (432) 51

Grand Total
74 Distribution Department Non-Labor Expense S 16,047 S (630) S (1,318) S S 14,099

Notes:
• Totals may not add exactly due to rounding.
• Column A: HELCO-WP-101 (HELCO 2016 Rate Case Reports)
• Columns B, C, D: HECO-WP-803
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HawaiT Electric Light Company, Inc.
2016 Test Yem" Rate Case 
Distribution Department

Total Operation and Maintenance Expenses by Responsibility Area
($ Thousands)

A B c D E F

(See HELCO-WP-803) =sum(B to E)
2016 2016

2015 Operating Adjustments Test Year
RA Description Recorded Budget Budget Normalization Ratemaking Estimate

1 HDA Adm in-Distribution $ 185 $ 306 $ 283 $(11) $ - $ 578
2 HDC Technical 2,717 3,477 (289) (43) - 3,146
3 HDH Hilo Constr & Main 10,062 6,801 (593) (523) - 5,685
4 HDK Kona Disttict 3,300 5,601 (520) (405) - 4,677
5 HDR Hilo Operations 315 257 (8) - - 249
6 HDS Stores 11 2 - - - 2
7 HDW Waimea District 1,915 3,990 (199) (337) - 3,454

8 Grand Total Distribution Department $ 18,504 $20,434 $ (1,326) $(1,318) $ - $ 17,791

Notes:
• Totals may not add exactly due to rounding.
• Columns A-E = HELCO-802,p.2
• Columns A, B: HELCO-WP-101 (HELCO 2016 Rate Case Reports)
• Columns C, D, E: HELCO-WP-803
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Hawai‘i Electric Light Company, Inc.
2016 Test Year Rate Case 
Distribution Department

Labor and Non-Labor Operation and Maintenance Expenses by Responsibility Area
($ Thousands)

A B C D E F
(See HELCO-WP-803) =sum(B to E)

2016 2016
2015 Operating Adjustments Test Year

RA Description L/NL Recorded Budget Budget Normalization Ratemaking Estimate

1 HDA Admin-Distribution L $84 $ 114 $ 114
2 HDC Technical L 1,073 1,347 (134) 1,213
3 HDH Hilo Constr & Main L 1,245 1,301 (315) 986
4 HDK Kona District L 812 911 (140) 770
5 HDR Hilo Operations L 125 109 (4) 105
6 HDS Stores L 7 0 0
7 HDW Waimea District L 682 606 (101) 504
8 Subtotal Distribution Department Labor L 4,030 4,387 (696) - 3,692

9 HDA Admin-Distribution NL 101 192 283 (11) 464
10 HDC Technical NL 1,644 2,130 (154) (43) 1,933
11 HDH Hilo Constr & Main NL 8,816 5,500 (278) (523) 4,699
12 HDK Kona District NL 2,488 4,690 (379) (405) 3,906
13 HDR Hilo Operations NL 190 149 (4) 145
14 HDS Stores NL 3 2 2
15 HDW Waimea District NL 1,233 3,385 (98) (337) 2,950
16 Subtotal Distribution Department Non-Labor NL 14,474 16,047 (630) (1,318) 14,099

17 Grand Total Distribution Department S 18,504 S 20,434 S (1,326) $(1,318) S - S 17,791

Notes:
• Totals may not add exactly due to rounding.
• Columns A, B: HELCO-WP-101 (HELCO 2016 Rate Case Reports)
• Columns C, D, E: HELCO-WP-803
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Hawai'i Electric Light Company, Inc.

2016 Test Year Rate Case
Transmission O&M Expense by NARUC Account (NARUC Accts 560 through 573)

Labor and Non-Labor Expenses 
($ Thousands)

Acct Account Descr^Uon

A B C D

Recorded

E F G

2016

Op eratlng 
Budget

H I

Adiustments

J K

= sum(G to J)
2016

TestYear
Estimate2010 2011 2012 2013 2014 2015 Budget Normalization Ratemaking

1 Transmission Operation
2 560 OPER SUPV & ENG - TRANS OPER
3 Labor $ 72 $ 93 $ 116 $ 131 $ 143 $ 248 $ 22 $ (2) $ $ $ 21
4 Non-Labor 41 61 71 78 83 66 117 7 124
5 Subtotal 113 154 187 209 226 314 139 6 145

6 561 LOAD DISPATCfflNG - TRANS OPER
7 Labor 218 227 236 247 259 527 518 (38) 481
S Non-Labor 11 no 69 211 85 130 148 64 211
9 Subtotal 229 337 304 459 343 656 666 26 692

10 562 STATIONEXPENSES - TRANS OPER
11 Labor 33 49 57 56 70 59 78 (6) 73
12 Non-Labor 41 53 60 55 52 42 34 2 36
13 Subtotal 74 102 117 111 122 100 113 (4) 109

14 563 OVERHEAD LINE EXP- TRANS OPER
15 Labor 63 58 75 61 28 61 155 (11) 144
16 Non-Labor 137 129 147 175 15 58 61 3 64
17 Subtotal 200 188 222 236 43 119 217 (8) 208

18 564 UNDERGRND LINE EXP - TRANS OPER
19 Labor 4 6 3 1 0 1 1 (0) 1
20 Non-Labor 2 3 2 0 0 0 0 0 0
21 Subtotal 7 9 5 1 0 1 1 (0) 1

22 566 MISC TRANS OPER EXPENSES
23 Labor 33 49 42 75 54 53 120 (61) 59
24 Non-Labor 61 144 119 195 141 107 92 (29) (0) 63
25 Subtotal 95 193 161 270 195 159 213 (90) (0) 123

26 567 RENTS - TRANS OPER
27 Labor
28 Non-Labor 27 (15) 3 5 7 15 10 10
29 Subtotal 27 (15) 3 5 7 15 10 10

30 Transmission Operation
31 Total Transmission Operation Labor 423 482 529 570 554 948 895 (117) 778
32 Total Transmission Operation Non-Labor 322 486 470 719 381 417 463 46 (0) 509
33 Totai Transmission Operation Labor and Non-Labor $ 744 $ 968 $ 999 $1,289 $ 936 $ 1,365 $ 1,358 $ (71) $ (0) $ $ 1,287

34 Transmission Maintenance
35 568 MAINT SUPV & ENG - TRANS
36 Labor 14 6 16 12 37 18 10 $ (1) $ $ $ 9
37 Non-Labor 4 1 0 2 4 2 0 1 1
38 Subtotal 19 6 16 14 41 20 10 0 10

39 569 MAINT OE SUBSTN STRUCTURES - TRANS
40 Labor 3 5 1 2 2 1 9 (1) 8
41 Non-Labor 51 145 9 5 3 2 40 1 41
42 Subtotal 54 149 10 7 5 4 48 0 49

43 570 MAINT OE STATION EQUIP - TRANS
44 Labor 286 227 295 234 214 218 326 (24) 303
45 Non-Labor 420 404 440 239 216 168 205 7 213
46 Subtotal 706 631 735 473 430 386 532 (16) 515

47 571 MAINT OE OVERHEAD LINES-TRANS
48 Labor 93 103 116 60 116 107 325 (71) 254
49 Non-Labor 366 354 817 410 1,063 3,726 2,664 (141) (371) 2,152
50 Subtotal 459 457 933 470 1,178 3,832 2,989 (211) (371) 2,407
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Hawai'i Electric Light Company, Inc.

2016 Test Year Rate Case
Transmission O&M Expense by NARUC Account (NARUC Accts 560 through 573)

Labor and Non-Labor Expenses 
($ Thousands)

A B c D E F G H I J K

= sum(G to J)
2016 2016

Recorded Op eratlne Adiustments TestYear

Acct Account Descr^Uon 2010 2011 2012 2013 2014 2015 Budget Budget Normalization Ratemaking Estimate

51 572 MAINT OE UNDERGRND LINES-TRANS
52 Labor 8 6 6 0 1 1 (0) 1
53 Non-Labor 5 4 3 0 1 0 0 0
54 Subtotal 13 10 9 1 1 1 (0) 1

55 573 MAINT OE MISC TRANSM PLANT
56 Labor 152 132 131 162 111 113 167 (12) 155
57 Non-Labor 227 222 167 177 142 135 84 7 91
58 Subtotal 379 354 298 339 253 247 251 (5) 246

59 Transmission Maintenance
60 Total Labor 557 479 565 470 481 457 838 (108) 730
61 Total Non-Labor 1,072 1,129 1,436 834 1,428 4,033 2,993 (124) (371) 2,498
62 Total Transmission Maintenance Labor and Non-Labor $1,630 $1,607 $2,001 $1,304 $1,909 $ 4,490 $ 3,831 $ (232) $ (371) $ $ 3,228

63 Transmission Expense
64 Total Labor 980 961 1,094 1,040 1,036 1,405 1,733 (225) 1,509
65 T otal Non-Labor 1,394 1,615 1,906 1,553 1,809 4,450 3,456 (78) (371) 3,007
66 Grand Total Transmission Expense $2,374 $2,576 $3,000 $2,593 $2,845 $ 5,854 $ 5,189 $ (303) $ (371) $ $ 4,515

Hawai'i Electric Light 2010 Test Year Rate Case - Final Decision and Order (Present rates) 
Transmission Expense

Labor 930
Non-iabor 1,468

Finai Decision and Order (Present Rates) S2,398

Notes:

Totals may not add exactly due to rounding.
Columns A - G: HELCO-WP-101 
Columns H - J: HELCO-1101

Line 71: See Exhibit lA, pages 20, 25, and 30 of Hawai'i Electric Light's Revised Schedules Resulting from Decision and Order No. 30168, filed onEebruary 21,2012 in 
Docket No. 2009-0164. As shown on Exhibit lA, page 20, an austerity adjustment of -$365,000 was not allocated to the NARUC Block of Accounts. On April 4,2012, by 
Order No. 30301, the Commission approved Hawai'i Electric Light's revised results of operations, supporting schedules, and tariffs filed on Eebruary 21,2012.
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Hawai'i Electric Light Company, Inc.

2016 Test Year Rate Case
Distribution O&M Expense by NARUC Account (NARUC Accts 580 through 598) 

Labor and Non-Labor Expenses 
($ Thousands)

A B C D

Recorded

E F G

2016
Operating

H I

Adiustments

J K

= sum(G to J)
2016

TestYear

Acct Account Descr^Uon 2010 2011 2012 2013 2014 2015 Budget
Budget Normalization Ratemaking Estimate

1

2

3

4

Distribution Operation
580 OPER SUPV & ENG - DIST OPER

Labor
Non-Labor

$ 88
16

$ 36
266

$ 43
12

$ 36
2

$ 597
106

$ 85
18

$ 97
35

$ (15) $ 
(5)

$ $ 82
30

5 Subtotal 104 302 55 38 703 103 132 (20) 112

6

7
581 LOAD DISPATCHING - DIST OPER

Labor 0 1 0 512 (37) 475
S Non-Labor 0 115 11 48 (7) 51
9 Subtotal 0 1 0 115 523 11 (7) 526

10

11
582 STATION EXPENSES - DIST OPER

Labor 55 69 77 97 83 89 111 (8) 103
12 Non-Labor 115 91 72 87 99 77 52 2 54
13 Subtotal 170 160 149 184 182 166 163 (6) 157

14

15
583 OVERHEAD LINE EXP - DIST OPER

Labor 188 173 199 237 146 112 231 (17) 214
16 Non-Labor 161 149 213 201 627 73 221 22 244
17 Subtotal 349 321 413 438 773 185 452 6 458

18

19
584 UNDERGRND LINE EXP - DIST OPER

Labor 162 153 158 87 70 109 98 (7) 91
20 Non-Labor 98 102 87 54 20 37 29 20 48
21 Subtotal 261 255 245 141 90 145 127 12 140

22

23
586 METER EXPENSES - DIST OPER

Labor 504 528 627 111 785 591 199 (14) 185
24 Non-Labor 387 490 470 460 189 472 460 222 682
25 Subtotal 891 1,019 1,097 1,237 974 1,064 659 208 866

26

27
587 CUSTOMER INSTALLATION EXPENSES

Labor 5 0 2 3 2
28 Non-Labor (0)
29 Subtotal 5 0 2 3 2

30

31
588 MISC DISTRIBUTION OPER EXPENSES

Labor 167 151 201 217 171 102 61 (4) 10 67
32 Non-Labor 177 123 205 197 109 242 147 46 (15) 179
33 Subtotal 344 274 405 414 280 344 209 41 (4) 246

34

35
Distribution Operation

Total Distribution Operation Labor 1,169 1,111 1,305 1,455 1,856 1,088 1,310 (103) 10 1,217
36 Total Distribution Operation Non-Labor 956 1,221 1,059 1,000 1,151 1,034 955 354 (22) 1,288
37 Total Distribution Operation Labor and Non-Labor $ 2,124 $ 2,332 $ 2,364 $ 2,455 $ 3,006 $ 2,122 $ 2,265 $ 252 $ (11) $ $ 2,505

38

39

40

Distribution Maintenance
590 MAINT SUPV & ENG - DIST

Labor 61 35 46 69 67 69 114 $ (8) $ $ $ 106
41 Non-Labor 5 2 1 2 8 11 83 3 (1,084) (998)
42 Subtotal 66 37 47 70 75 80 197 (5) (1,084) (893)

43

44
591 MAINT OE STRUCT - DIST

Labor 6 6 10 1 5 6 8 (1) 7
45 Non-Labor 73 191 70 10 6 7 24 0 25
46 Subtotal 80 197 80 11 11 13 32 (0) 32

47

48
592 MAINT OE SUBSTN EQUIP - DIST

Labor 191 214 197 312 298 250 263 (19) 244
49 Non-Labor 269 339 289 412 200 352 215 7 221
50 Subtotal 461 553 486 724 498 602 478 (12) 466

MAIN! OF OVERHEAD LINES-DIST
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in 2015. The project planner met with representatives from the Distribution Department and 
Stores to discuss the specified pull lengths and minimize cable waste. The project was planned 
for 18,300 feet of cable and the actual footage from Stores was 18,409 feet. Conservative 
estimates place the savings in cable alone at 100 feet per reel on 19 reels. At approximately 
$18.36 per foot this equates to an approximate material savings of $35,000. Cable lengths were 
also customized to eliminate splices by pulling directly through some manholes rather than 
splicing two separate lengths of cable together. This can also increase efficiency and save on 
labor cost during the installation as the pulling rigs can be set up to pull through a manhole 
eliminating the need to set up the equipment twice when working with partial reels. In 2016, the 
cable replacement project at Mauna Lani will apply this same strategy of customized cable reel 
lengths and splice reduction. Similarly, for large overhead re-conductoring projects (6800 line 
project), conductor reel lengths are specified to correspond to pulling distances between planned 
sites where pulling equipment will be set up to install the new conductor.

Material Consignment Program
HawaiT Electric Light has consignment arrangements with material suppliers and manufacturers. 
Underground cable is one type of material item that the Company has initiated a consignment 
pilot program. A consignment arrangement is different than most relationships between 
manufacturers and their customers. In the usual case, material ownership is transferred to the 
utility when the property is received and the property becomes part of the company’s assets. By 
contrast, the property transferred in a consignment agreement is still owned by the manufacturer, 
even though it is in the possession of the utility. The consignor bears the cost of delivering the 
product and the risk of any loss or damage occurring during that transport. The utility is entitled 
to withdraw items from the consignment stock based on need. The demand for underground 
cable can vary significantly depending on the status of customer projects as an example. Under 
the agreement, quantities available can be altered to meet peak demands as well as downturns.
In addition, underground cable is a relatively high cost item. The consignment agreement allows 
for immediate access to the material, deferral of payment until usage of the product or a specified 
time period has elapsed, and also provides an emergency safety stock. HawaiT Electric Light 
will still have to manage the amount in consignment closely with the projected future use. 
However, the time period in the agreement provides some flexibility in the event jobs are 
cancelled and provides for deferral of payment for the material and subsequent increase to the 
T&D materials inventory. At the time of this testimony, the Company has in consignment, 
18,000 feet of three phase lOOOMCM cable at $18.36 per foot, 28,000 feet of single phase #2 
cable at $1.47 per foot, 10,000 feet of three phase #4/0 cable at $5.92 per foot and 5000 feet of 
three phase #2 cable at $4.52 per foot. Without the consignment agreement, the T&D materials 
inventory would be $453,440 higher for this amount of cable to be in inventory for projects and 
emergencies. As projects are issued from engineering, the cable will be taken from consignment 
limiting the time in T&D materials inventory.

Vegetation Management
HawaiT Electric Light’s vegetation management program expenses have increased steadily over 
the past five years. The System Eorester has employed various measures to help control costs in 
the vegetation management program.
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The circuit-trimming approach has reduced unit cost for tree cutting given that crews spend more 
time cutting in a smaller area than they do moving from one location to another. Additionally, 
tree trimming crews have been reduced from three-man to two-man crews. Given that a traffic 
control crew member is not needed as often with the reduction of hot-spot trimming where crews 
would move from location-to-location addressing only where vegetation is already encroaching 
on the infrastructure. With this change, traffic control needs are more predictable and contract 
traffic control personnel can be scheduled only for the period of need. As a result, the third 
person who would perform the traffic control duties as needed was eliminated from each crew.

A geographical information system (“GIS”) web based application has been launched to track 
the circuit-trimming cycles and record reported outages caused by vegetation. The GIS web-app 
allows the Company to monitor if cycle periods are adequate and prioritize circuit-trimming in 
areas with higher outage statistics (more frequent incidents and/or longer durations). 
Additionally, the GIS web-app will allow the Company to compare unit costing of circuit and 
hot-spot trimming methods.

Other cost control and productivity improvement measures employed in the vegetation 
management program include the following:

• When trimming crews work out of town, only the driver of the aerial lift truck is paid 
while the crew is in transit. Estimated cost savings based on 10 crews is $550 per 
commute or $2,750 per week (10 crew members x $55 per hour x 1 hour). Crew 
hours are adjusted to 10-hours per day and the crew is kept in the same location for a 
minimum of one week.

• When moving crews to respond to trouble calls, should there be time remaining in the 
workday following the trouble call, crews will continue to trim in the nearby area 
rather than drive back to original location.

• Eor after hour trouble calls, trimming contractors have the ability to provide their own 
traffic control. This saves time when responding to trouble calls where traffic control 
is needed.

• When performing Right-Of-Way (“ROW”) work, a “Gyro” track or similar machine 
is used where manual brush clearing methods were previously employed.

• Increased tree removals whenever possible and practical. Removal of Albizia and 
palm trees as an example eliminated situations that required trimming of the same 
trees two or three times a year either through scheduled trims or trouble calls. This 
removal of the trees had the benefit of reducing outages to the customer and the 
Distribution Department was able to use the time normally associated with the 
maintenance of these trees to trim other areas more aggressively and acquire greater 
clearances, which also assists in preventing outages and providing better reliability 
for customers.

• The Distribution Department has worked with contractors to obtain reduced insurance 
premiums for the herbicide crews. Previously the insurance premiums were the same 
whether the crews were trimming an 80 foot tree or spraying herbicide on the ground. 
Currently, the time the crews spend applying herbicides, the insurance premiums for 
that crew are at a lower rate and the savings is passed onto the utility.

• Worked with contractors to obtain equipment suited for the Company’s vegetation 
management strategy and unique terrain. Due to the increased clearances and
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removal of overhang, the Distribution Department has worked with contractors to 
obtain equipment with increased height and reach capability. Other equipment has 
allowed access to areas in Kona that were previously only accessible to manual 
climbers.

Waimea Septic System
HawaiT Electric Light’s Waimea baseyard was required by Department of Health (“DOH”) 
mandates to upgrade its cesspool to a septic system. The initial “traditional” upgrade plan called 
for the installation of a septic tank and accompanying leach field. In addition to the cost of the 
leach field, the plan would have necessitated the removal of and repaving of a large portion of 
paved area in the yard. HawaiT Electric Light’s environmental compliance coordinator 
presented an alternative plan to the State/County DOH that would eliminate the need for 
installation of the leach field. Even though it was not the traditional solution to the problem, it 
was proven sound and eventually approved by the State/County DOH. The initial project with 
the leach field was quoted at $94,000. The revised plan cost HawaiT Electric Light $45,000, 
resulting in approximately $49,000 in savings. This project was a capital expense.

Transformer Oil
The HawaiT Electric Light Distribution Department changed procurement of transformer oil for 
retrofill of 4 polychlorinated biphenyls (“PCBs”) contaminated substation-class 
transformers. HawaiT Electric Light purchased direct from the oil wholesaler and oil container 
manufacturer. Because of the amount of oil needed, HawaiT Electric Light saw the opportunity 
to have oil supplied in a larger quantity and container than was previously done. This saved an 
estimated $14,000 - $17,000. This was a one-time savings based on the specific need for a 
specific project, however, any similar project in the future will also benefit from this 
procurement process.

Pole Gains
The Distribution Department will be having the pole supplier modify poles for larger projects by 
precutting the gains into the pole prior to delivery. This will not add cost for the pole and will 
save linemen time during installation. Eor example, one of the future projects (3400 line Phase 
1) requires 170 each, 55 foot, class 1 poles could potentially save $17,000 by having the pole 
supplier pre-gain the pole per HawaiT Electric Light specifications.

Oil Spill Response Training
The HawaiT Electric Light Distribution Department developed training for its inspectors to 
enable them to coordinate oil spill cleanups in their own district. Previously, the Distribution 
Department needed to wait for trained personnel to travel from Hilo to monitor the cleanup. 
Having trained inspectors enables the Company to respond faster and to satisfy a 72-hour 
window, which avoids time consuming DOH reporting and possible fines for untimely reporting 
and/or cleanup.

Online Training Courses
Training courses are increasingly being offered online to provide increased flexibility to 
supervisors and employees and eliminates the need for follow-up classroom training sessions for 
individuals that would miss the initial sessions. The online training platform is also a more
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effective way to track and follow-up with individuals to ensure their completion of the course. 
The Distribution Department has utilized online training courses for environmental compliance 
training and other courses such as the employee Corporate Code of Conduct training.

Training
The Distribution Department teamed with Hawaiian Electric to share in the cost for training 
resources. In 2015, Hawaiian Electric procured the services of a trainer for fall protection. The 
trainer was also brought to HawaiT Electric Light to conduct the similar training and the cost of 
airfare was reduced to an interisland flight versus a flight from the East Coast.

The Distribution Department also employs a “train-the-trainer” system when applicable. In 
2016, Hawaiian Electric procured the service of a trainer for Cover-Up training for lineman 
when working near exposed energized facilities. The Distribution Department sent employees to 
the training on Oahu and returned to subsequently conduct the training with employees at 
HawaiT Electric Light. The cost for an external resource trainer to hold multiple training 
sessions for Company personnel island wide would cost an estimated $10,000 to $15,000.

The Construction & Maintenance Division of the Distribution Department combines apprentices 
from all districts when scheduling training classes to maximize the trainer’s time and the 
effectiveness of the hands-on training classes. In addition, the trainer typically would require the 
assistance of a crew and use of heavy vehicles in the training. Rather than holding multiple 
sessions at three baseyards and coordinating the assistance of crews at each location, the trainer 
can minimize coordination and set-up efforts by holding sessions in one location.

In 2015, the department used “reclaimed” poles that were damaged during shipping and utilized 
them in a training yard. The cost savings realized were for approximately ten 45’ poles. The 
estimate cost savings is approximately $8,950. The Distribution Department also utilized retired 
transformers with the oil and core removed and filled with water to simulate transformer 
replacements at the training yard. This also eliminates the possibility of an oil release and loss of 
a usable transformer should the unit get damaged or fall during the training.

The training yard is also used in preparation for upcoming jobs. In 2015, the training yard was 
configured to simulate a “transmission” spar with dead end bells that would require the crews to 
climb and work off of the pole due to inaccessibility to bucket trucks. The practice and 
preparation will reduce the number of hours in preparation for the real work and improve safety 
as well.

The Distribution Department also subscribed on a one-year trial basis to online video training 
material rather than purchasing the material for ten times the cost. The online resource provides 
access to updated material and these were utilized in the apprentice training process areas. The 
cost for a one year subscription is $179. The cost to purchase one video is $245 and the 
Distribution Department currently has access to over 15 videos covering various subjects for 
training of Company personnel. The trial period has been completed and the Distribution 
Department has renewed its subscription.
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Safety and other classroom related training is scheduled for an entire day when possible versus 
holding shorter training classes on multiple days which can affect crew productivity.

Filter Bag for Dewatering Facilities
When Distribution crews need to work in underground facilities (manholes or hand holes), they 
often encounter situations where these facilities have filled with water from storm water runoff 
or infiltration of groundwater. Before work can be done, the water must be pumped out of the 
facilities. Concerns about the quality of water that collect inside manholes have led State of 
Hawaii and other agencies to require the use of best management practices (“BMP”) to properly 
manage these waters. The Company recently added the use of filter bags as an additional BMP 
option for treating and disposing of pollutants associated with accumulated waters in 
underground facilities. With proper BMP selection and use of filter bags, crews are now able to 
use Company pumps to remove, treat, and discharge filtered water. In addition to reducing the 
cost of contracting a tank/pumper truck (a savings of approximately $1,000 per use), this allows 
HawaiT Electric Light crews to accomplish the dewatering more efficiently by not having to wait 
or schedule for the tank/pumper truck.

Tri-Companv Service Contracts and Purchases
The Distribution Department’s wood pole test and treat program, as well as the same programs at 
Hawaiian Electric and Maui Electric, were previously negotiated on separate contracts. In order 
to stabilize pricing across all three companies, a contract was negotiated with the supplier. 
Osmose Utilities Services, Inc. (“Osmose”), as part of a companywide measure to renegotiate 
large service contracts. Prices for 2011 through 2014 were frozen at the 2010 price.
Additionally, the price for work for restorations was reduced by 2% for 2011 and prices for 
2012, 2013 and 2014 were based on the consumer price index for any increases. An amendment 
to the contract extended the agreement through the end of 2017. HELCO-804B reflects the
pricing currently in effect.' 
contract for 2018 to 2020.

The Companies plan to reevaluate vendor options and rebid the

The wood pole test and treat program itself is also an example of programs that HawaiT Electric 
Light uses to control costs. HawaiT Electric Light employs a contractor to inspect wood poles 
using sounding, boring and ground excavation techniques. The contractor uses the information 
gathered during the inspection to model the pole’s remaining strength. The contractors perform 
below grade inspections and boring that were not traditionally done by HawaiT Electric Light 
personnel. Contractors excavate to expose two feet of the butt of the pole when necessary to 
determine if below grade rotting or termite damage is occurring. The contractor is also qualified 
to handle wood treatment chemicals and treats those poles that do not need to be replaced. 
Chemical treatment of the poles prevents, slows or stops decay or termite infestation of the pole. 
This chemical treatment of poles prolongs the useful life of those treated poles, which results in 
cost savings by averting the cost of replacement. By prolonging the life of an existing pole.

^ HELCO-804B contains vendor pricing information which the Company considers to be confidential. Public 
disclosure of this information could disadvantage and competitively harm the vendor and jeopardize Hawaiian 
Electric’s future negotiations with vendors. Accordingly, the Company will provide the confidential information in 
HELCO-804B subject to the protective order in this docket.
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HawaiT Electric Light can defer its replacement which reduces capital and O&M spending.
Eirst, if an outage caused by the failure of a defective pole can be averted, the cost of the outage 
to the customer and the Company may be reduced. Second, for efficiency and reduced cost, the 
necessary repairs can be prioritized, planned and scheduled during normal working hours and 
avoid paying overtime rates for personnel.

HawaiT Electric Light personnel exposed to arc flash hazards are required to wear Eire Retardant 
(“ER”) rated clothing. ER rated clothing is furnished by the Company to its employees. In 2015, 
the Distribution Department teamed with Hawaiian Electric for bulk purchase of ER clothing 
from Tyndale. This practice will continue and based on the quantity of purchase, the Company 
could qualify for additional rebates or discounts that otherwise would not have been available.

Technical Division
The Technical Division in the Distribution Department constructed a “mini-mobile” substation 
with the use of a conventional trailer rather than a prepackaged manufactured mobile unit. The 
unit provides a low cost emergency back-up for many of HawaiT Electric Light’s older and 
smaller substations throughout the island.

The HawaiT Electric Light Distribution Department has upgraded all primary relays on the 
transmission system to microprocessor based. These relays provide increased reliability and 
system protection as well as other advantages. One of these advantages is the ability to use 
phase-to-ground connected potential transformers (“PT”) in places that formerly could only use 
phase-to-phase connected PT’s. A phase-to-phase connected PT costs approximately $19,000 
and the phase-to-ground connected PT costs approximately $10,000 each. HawaiT Electric 
Light has been replacing approximately three to four of these types of PT’s per year and some of 
the oldest the Company has left on the system are of the phase-to-phase type. This results in a 
savings of $9,000 per unit, or approximately $27,000 to $36,000 annually, which means that the 
Distribution Department can accomplish more work for the same amount of money.

When work was required at a HawaiT Electric Light substation by a substation group, they 
would typically enlist the assistance of line crews and their bucket trucks to reach and work on 
the equipment. This would require using a two man bucket, and because of the Occupational 
Safety and Health Administration (“OSHA”), the Company’s Accident Prevention Manual and 
Bargaining Unit contract rules, the minimum staffing for that truck is 3 qualified employees. 
However, this practice has been changed, and the Company is now renting man-lifts to enable 
substation crews to perform the work themselves. The use of man-lifts eliminated the need for 3 
additional qualified employees while remaining in compliance with OSHA, the Company’s 
Accident Prevention Manual and Bargaining Unit contract rules. The man lift cost is 
approximately $200 per day, far less than the cost of 3 qualified linemen plus the cost of a bucket 
truck to operate for the day estimated at $2,400 per day, a difference of $2,200 per day. It is also 
more efficient, because the line crew and bucket that would have been used can be utilized at 
other projects.

The Technical Division re-evaluated their maintenance program for distribution circuit breakers. 
The goal was to incorporate reclosers into their maintenance program while minimizing the cost 
and reliability impacts. The evaluation found that the distribution circuit breaker maintenance
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cycle could likely be increased from two to four years. With this change, reclosers on the system 
could be incorporated into the maintenance program with minimal cost impact. Reclosers 
perform similar functions on the distribution system as a substation circuit breaker, failure of a 
recloser would require substation personnel to respond and may result in an extended power 
interruption if loads cannot be transferred to adjacent sources. The program began 
implementation in 2016 and will be reevaluated in 2017.

The Technical Division employs vendor managed inventory providing material such as stainless 
steel nuts, bolts, washers, and other frequently used items. The vendor monitors and maintains 
stocking levels in Hilo and Kona so individual crews don’t need to spend time procuring or 
managing their own supply.

The Technical Division has added the capability to recondition and recycle SE6 gas used in 
many of the 69KV transmission circuit breakers. This saves on additional purchases where each 
cylinder is approximately $1,600.

Transformer Dissolved Gas Analysis (“DGA”) is now performed at the beginning of each year in 
one coordinated effort across all substation sites island wide. This single process event provides 
the primary diagnostic assessment information for all substation transformers, the highest cost 
piece of equipment at substation facilities. Samples are gathered, organized, labeled and shipped 
in one orchestrated effort.

Dynamic Under Frequency Load Shedding T*DUFLS^^)
Currently when a large amount of generation unexpectedly trips offline, in order to protect the 
rest of the system, a corresponding amount of load (customers) is automatically tripped or “shed” 
to stabilize the utility grid until additional generators can be started and brought online. Service 
is then restored to the affected customers. When distribution feeder loads are predictable, relays 
can be preset to respond and trip an appropriate amount of load to protect the system. However, 
with the increasing amounts of distributed energy resources on the feeders and their inherent 
variability throughout the day, the net loading of the feeders can change significantly and are no 
longer predictable. The risk is over or under shedding of load cascading into additional loss of 
distributed generation, then triggering additional load shedding, and affecting many more 
customers than necessary, or loss of the entire system.

The DUELS project will modernize the grid to adapt to high levels of distributed generation 
systems while maintaining a desired level of system security and reliability. In order to maintain 
the proper load in each stage of the under frequency load shed scheme (“UELS”), the system 
monitors feeder loads in real-time and adjusts the amount of load in each stage of the UELS 
according to the actual measured load on the feeders at that time. This allows the UELS scheme 
to adapt to a changing system “dynamically” to provide the necessary protection for the utility 
grid.

This project is currently under construction and once complete, the Distribution Department will 
realize a benefit by not having to manually adjust the relays on all the circuits multiple times a 
year.



HELCO-804
DOCKET NO. 2015-0170 
PAGE9 0E 11

In 2015, there were three under frequency setting changes:
Supervisor - review and assign settings per change - 4 hours = $400
Electricians to set relays in the field - average is 8 electricians 4 hours each = $3,200 per change 
Average yearly cost = $10,800. Personnel that would have been assigned to this task will be 
utilized for other projects or programs.

Dispatch - HTC Major Event Database
The T&D Operations Division has leveraged the existing Hawaii Electric Light Trouble Call 
database (“HTC”) and HawaiT Electric Light GIS into a system to manage widespread outages 
during major events as was done recently with Tropical Storm Darby. The HTC system is 
typically used to record trouble calls (“TC”) that the Trouble Dispatchers receive from the public 
and then would dispatch field personnel based on those TC’s. The HTC database is used to 
record the progress of the trouble calls and keep track of their status. The Distribution 
Department had a programmer add-in an application called Major Event (“ME”) Calls, which 
allowed the Company to document concerns from a large volume of callers reporting numerous 
issues including Lines Down, No Power and various other concerns that come in during a storm 
or other large events. This also allows us to utilize offsite personnel to handle some of the 
overflow of calls from the public at offsite locations where they have access to existing 
workstations with networked computers and phones, which alleviates expanding existing 
facilities just for storm events. Logging and tracking of these calls in large storms was previously 
performed manually by filling out a form. This made it difficult to track, sort, assign, manage 
duplicates (situations where customers called in multiple times), follow-up, and close. The 
Distribution Department is also now able to plot the callers that are logged on the ME database 
into the GIS system, which provides a geographical representation of where the calls are coming 
from. This geographical representation and database of ME calls has sped up the time the 
Distribution Department spends sorting and estimating which sections of a circuit may be 
affected by an outage. Depending on the size of a typical large outage, during a storm, this could 
require two of the Company’s caller sorters from two to six hours to determine which customers 
and which portion of a circuit are affected. This can now be done by one call sorter within a few 
minutes using the ME DB and GIS representation of the ME calls.

Distribution Circuit Monitoring Project
The Distribution Circuit Monitoring Project was created in 2015 to monitor voltages on various 
types of circuits with heavy Photovoltaic system penetration, as well as ones that are lightly 
loaded. A diverse group of circuits was selected. Circuits were selected by type, primarily 
residential, commercial, or a mix of both. This project was aimed at determining whether there 
were any ill-effects from high amounts of photovoltaic systems on each circuit. Three separate 
locations on each circuit are being monitored, the beginning, middle, and the end. Monitoring 
devices were selected from Power Monitors Incorporated because of cost and ease of use.

The units were equipped with cellular communication capability enabling constant monitoring 
and eliminated the requirement of on-site data downloading. Data is automatically uploaded and 
stored on the PMI secure site and accessible to personnel. This saves on time as there are over 
100 recorders deployed at the moment. Company personnel review and process the data for 
analysis and reporting to the Public Utilities Commission. This project was accomplished with
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existing staff engineers in the Distribution Department teaming with personnel from the 
Engineering Department.

Competitive Bidding
The Distribution Department employs competitive bidding in the procurement of services such 
as pole hole digging, anchor and ground rod installations, and CSA work related to the 
installation of underground electrical facilities. The bidding process ensures the Company is 
paying fair market rates and obtaining the best value for the services rendered.

Aerial Inspections
HawaiT Electric Light Distribution Department changed helicopter vendor from Blue Hawaiian 
Helicopters to Manuiwa Helicopters. Manuiwa Helicopters employ remote location re-fueling as 
opposed to a return trip to the airport. The typical duration for an aerial inspection of the 
transmission system has been reduced from seven to 10 days down to four days resulting in 
lower cost per inspection cycle and allowing for more frequent inspections.

In 2016, HawaiT Electric Light Distribution Department procured an Unmanned Aerial Vehicle 
(“UAV”) to provide high resolution video and photographic images of facilities and vegetation. 
The UAV has the capability to reach facilities situated on embankments and other locations that 
are difficult to access. A relatively small, remotely-controlled UAV can approach much closer to 
certain utility lines and structures than a manned aircraft. In some situations, this device may 
replace the use of a helicopter at a much lower cost.

Video Conferencing
HawaiT Electric Light Distribution Department has installed video conferencing equipment in 
the Hilo, Waimea and Kona baseyard meeting rooms. The equipment is similar and compatible 
to systems installed on Oahu and Maui. By utilizing video conferencing equipment, the 
department is able to hold inter-district as well as inter-company meetings simultaneously, 
whereas prior to installing this equipment it was necessary for presenters to hold multiple 
separate meetings or for participants from outer islands to travel to one location to attend the 
meetings. Use of this technology serves to not only save the Company money by eliminating 
vehicle use and interisland airfare, but also saves non-productive time that is expended for travel. 
With the distances that need to be traveled between HawaiT Electric Light facilities alone, a 
single meeting done via video conferencing on-island can save over three hours of round trip 
travel time between Kona and Hilo.

Trouble Inspectors and Vehicles
One of the primary functions of the Distribution Department is to respond to any service 
problems reported by customers, such as power interruptions, trees in wires or voltage 
fluctuations. Personnel need to be able to respond 24 hours a day, 365 days a year. To manage 
costs associated with these calls, only two line personnel are scheduled on-shift to provide 
trouble response coverage for the entire island, one on the east side and one on the west side. To 
ensure that these line personnel make the most efficient use of their time, HawaiT Electric Light 
has purchased smaller vehicles with insulated aerial lift devices or “buckets” for their use. These 
buckets are designed for single man operation and do not require any additional crewmembers. 
These vehicles allow the line personnel to perform more tasks safely and to perform tasks that
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would have otherwise required the response of additional personnel and delays in power 
restoration.

Wood Pole Capping
Leaving tops on wood poles exposed subjects the poles to possible rot and decay. Through 
HawaiT Electric Light’s use of capping devices to place over the tops of cut wood poles, certain 
pole decay risk situations have been eliminated or reduced. Though the direct benefits of these 
measures are difficult to quantify, it is anticipated that these measures will help mitigate future 
pole replacement capital costs.

Termite Barriers
Utilization of the termite barrier known as Termi-Mesh on poles in termite infested areas has 
reduced pole deterioration in these areas. The use of Termi-Mesh is significantly less expensive 
than the cost of replacing a termite damaged pole, and further, increases the useful lifespan of the 
pole. Significant potential future capital cost avoidance is expected due to HawaiT Electric 
Light’s use of this barrier.

Carina Collars
HawaiT Electric Light’s Distribution and Engineering Departments collaborated on a project that 
used low cost Carina Collars in place of much higher cost Supervisory Control and Data 
Acquisition (“SCADA”) technology to augment its outage detection system. These Carina 
Collars use low cost cell-phone technology that can immediately notify HawaiT Electric Light in 
the event of a power outage in the areas where the collars were placed. The collars were placed 
in areas on the system that did not have SCADA capabilities. By strategically placing these 
collars on HawaiT Electric Light’s circuits, the Company has been able to quickly identify that 
an outage has occurred, as well as what circuits/locations are affected by the outage. With 
properly planned placement, HawaiT Electric Light can determine if a main is open and if collars 
are installed on different phases single phasing can also be determined. This information allows 
dispatchers to direct troublemen specifically to the suspected area where the outage occurred. 
This saves response time and aides in restoring the circuit more quickly. This solution does not 
have the accuracy and added features of SCADA technology, but it is a very useful tool that 
allows for quicker response to customer outages.

Fault Distance Technology
HawaiT Electric Light uses fault distance technology on relays in substations. This technology 
provides accurate locations of problems on circuits controlled by these relays. When a fault 
occurs on a circuit that contains these relays, a message is sent to Company dispatchers that 
provides a fault distance from that relay. HawaiT Electric Light dispatchers are able to give that 
information to the trouble inspector, which allows for quick location of the problem. Crews can 
then quickly isolate the fault, instead of spending costly time attempting to locate the fault.

GPS Tracking
HawaiT Electric Light’s fleet is equipped with GPS tracking technology. GPS is used to locate 
and monitor the Company’s equipment and crews. This allows HawaiT Electric Light to more 
efficiently and effectively dispatch crews during an emergency.
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Superintendent 
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instrument binding all parties notwithstanding that all of the 
parties are not signatories to the same counterparts. For all 
purposes, duplicate unexecuted and unacknowledged pages of the 
counterparts may be discarded and the remaining pages assembled 
as one document. This Amendment may also be executed by exchange 
of executed copies via facsimile or other electronic means, such 
as PDF, in which case, but not as a condition to the validity of 
the Agreement, each party shall subsequently send the other party 
by mail the original executed copy. A party's signature 
transmitted by facsimile or similar electronic means shall be 
considered an "original" signature for purposes of this 
Amendment.

IN WITNESS WHEREOF, the parties hereto have caused these presents 
to be executed as of the day and year first above written.

HAWAII ELECTRIC LIGHT COMPANY, INC. 
("Company")

By: ____________________

Jay Ignacio 

Title: President 

Date: Z/s/ZC

Rhea Lee-Moku 

Title: Asst Secretary

OSMOSE UTILITIES SERVICES, INC. 
("Contractor")

By: 

Print Name: 

Title 

Date:

Contract Amendment

-2-
FINAL: 1/14/16 (RAM) 

Template Updated (08/20/10)
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instrument binding all parties notwithstanding that all of the 
parties are not signatories to the same counterparts. For all 
purposes, duplicate unexecuted and unacknowledged pages of the 
counterparts may be discarded and the remaining pages assembled 
as one document. This Amendment may also be executed by exchange 
of executed copies via facsimile or other electronic means, such 
as PDF, in which case, but not as a condition to the validity of 
the Agreement, each party shall subsequently send the other party 
by mail the original executed copy. A party's signature 
transmitted by facsimile or similar electronic means shall be 
considered an "original" signature for purposes of this 
Amendment.

IN WITNESS WHEREOF, the parties hereto have caused these presents 
to be executed as of the day and year first above written.

HAWAII ELECTRIC LIGHT COMPANY, INC. 
("Company")

By: By:.

Jay Ignacio 

Title: President 

Date: ____________

Rhea Lee-Moku

Title: Asst Secretary

Date:____________________

OSMOSE UTILITIES SERVICES, INC. 
("Contractor")

By:
Print Name: Michael A. Wolf

Title: Vice President - Contracts

Date : January 29,2016

Contract Amendment

-2-
FINAL: 1/14/16 (RAM) 

Template Updated (08/20/10)
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SCHEDULE 2
HAW AH ELECTRIC LIGHT COMPANY 

2016

UNIT DESCRIPTION 

VISUAL INSPECTION W SOUNDING 

BORING

PARTIAL EXCAVATION 

COMPLETE EXCAVATION 

MODERATE EXCAVATE 

EXTREME EXCAVATE 

EXTERNAL TREAT PARTIAL 

EXTERNAL TREAT COMPLETE 

MITC-FUME® PER TUBE 

SODIUM METHYL DITHIOCARBAMATE 

INTERNAL VOID TERMITE TREAT 

SOIL TREATMENT FOR TERMITES 

PROVIDE SUB METER GPS POINT 

♦ DIGITAL IMAGE - PER POLE 

INSTALL HELCO GUY MARKER 

INSTALL OSMOSE GUY MARKER 

INSTALL HELCO GRNDWIRE MOLDING 

INSTALL CONTRACTOR GWM 

INSTALL 6 DIGIT POLE # TAG 

INSPECTION TO COMM LEVEL 

REPAIR TERMIMESH 

+* ANCHOR INSPECTION 

ABOVE GROUND HARDWARE INSP 

DETAIL INSPECTION TRANSFORMER 

ACCESS ADDER WITH UTV

HOURLY RATE - CREW MEMBER 

*♦* HOURLY RATE - FOREMAN & TRUCKl

MSTR-HDA-14-069, Amendment#!, Attachment E.1



Hawai‘i Electric Light Company, Inc. 
2016 Test Year Rate Case 
Dishibution Department 

Staffing as of May 31,2016

A B c
=B-A

D E
=D-B

F G H
=F+G

I
=H-B

J
=H-A

12/31/15
Recorded
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Total
Positions

filled in 2016

1 HDA 6 6 0 7 1 7 7 1 1
2 HDC 26 26 0 30 4 30 30 4 4
3 HDH 33 35 2 35 0 35 35 0 2
4 HDK 22 21 -1 26 5 26 26 5 4
5 HDR 10 9 -1 11 2 11 11 2 1
6 HDS 8 7 -1 7 0 7 7 0 -1
7 HDW 18 18 0 18 0 18 18 0 0
8 TOTAL 123 122 -1 134 12 134 0 134 12 11

Notes:
• HD A- Administration Division
• HDC- Technical Division
• HDH- Hilo Construction and Maintenance
• HDK- Kona District
• HDR- Hilo Operations
• HDS- Stores
• HDW- Waimea District
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DISTRIBUTION DEPARTMENT ORGANIZATION AND STAEEING

As shown in HELCO-805, the Distribution Department consists of seven divisions or 
responsibility areas (“RA”):

HD A- Administration Division;
HDC- Technical Division (“Tech”);
HDH- Hilo Construction and Maintenance (“C&M”)
HDK- Kona District;
HDR- Hilo Operations;
HDS- Stores; and 
HDW- Waimea District

The major changes to the Distribution Department organization since August 16, 2012^ 
include:

1. Addition of (1) Distribution Trainer for C&M.
2. Construction Project Managers (2) (Hilo and Kona)
3. Kona - Warehouse / Toolroom Attendant addition
4. Senior Helper, additional position for Waimea location

Distribution Department Staffing

As shown in HELCO-805, the staffing level for the Distribution Department has 
decreased by one net position, from an actual staffing level of 123 as of December 31, 
2015 to 122 as of May 31, 2016. The decrease of one net position was distributed as 
shown in the table below.

12/31/2015 5/31/2016
Recorded Recorded Differen

Administration Division 6 6 0

Technical Division 26 26 0

Hilo C&M 33 35 2

Kona District 22 21 -1

Hilo Operations 10 9 -1

Stores 8 7 -1

Waimea District 18 18 0

TOTAL 123 122 -1

^ August 16, 2012 was the filing date for the Hawai‘i Electric Light 2013 Test Year Rate Case, 
which was withdrawn on March 22, 2013.
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As of May 31, 2016, the Distribution Department has 12 vacancies based on a 2016 year 
end estimated headcount of 134 as shown in the table below.

5/31/2016 12/31/2016

Administration Division
Recorded

6
Estimate

7
Difference

1

Technical Division 26 30 4

Hilo C&M 35 35 0

Kona District 21 26 5

Hilo Operations 9 11 2

Stores 7 7 0

Waimea District 18 18 0

TOTAL 122 134 12

Included in HELCO-WP-805 is the following additional information:
Positions expected to be filled before December 31, 2016

• Responsibilities of the vacant positions
• Reason the vacant positions are required
• Manner in which the duties are being accomplished (prior to hiring)
• Status of hiring
• Expected date the vacant positions will be filled
• Cost category allocation for vacant positions

The major reasons the Distribution Department’s staffing level decreased by one net 
position are summarized in the table below.

Reason for Increased/Decreased Staffing

Number of 
position changes from 
12/31/2015 to 5/31/2016

Hilo C&M- Two senior helper vacancies were backfilled that 
were vacant on 12/31/15

2

Kona District- Decrease of one lineman position, employee left 
company, vacancy not yet filled.

-1

Hilo Operations- Decrease of one position due to transfer of 
Assistant Technical Superintendant (Operations), promoted to 
different department

-1
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Stores- Decrease of one position, Warehouse/Toolroom 
Attendant. Vacancy created when employee left company

-1

Net Total -1

The major reasons the Distribution Department’s staffing level is increasing by twelve 
positions are summarized in the table below.

Reason for Increased Staffing

Number of 
position changes from 
12/31/2015 to 5/31/2016

Administration Division - Increase of one position due to 
addition of an Assistant System Eorester. This position was 
created because of the need to manage increased workload in 
conjunction with DOT partnership to address Albizia.

1

Technical Division - Three positions are due to backfilling for 
one Assistant Technical Superintendent (previous employee 
was promoted) and two Senior Helpers (positions were added 
in 2015 and Company is still actively recruiting qualified 
candidates). Increase of one other position is due to addition of 
a Staff Engineer. This position was created to address 
increased need for technical analysis and support in connection 
with asset management and strategic initiative of modernizing 
the grid and accepting more distributed renewable generation 
resources interconnected to the grid.

4

Kona District - Eive positions are due to backfilling for one 
Administrative Assistant (previous employee resigned), one 
Construction Project Manager (previous employee was 
terminated), and three Senior Helpers (vacancies are due to one 
promotion, one resignation, and one transfer).

5

Hilo Operations - Two positions are due to backfilling for one 
Assistant Technical Superintendent and one Shift Clerk 
Dispatcher. Assistant Technical Superintendent position 
became vacant as previous employee was promoted to another 
position. The Shift Clerk Dispatcher position became vacant 
due to an employee transfer.

2

Total 12

The Distribution Department also has a vacancy for a Warehouse Attendant in the Stores 
RA. However, the vacancy is currently being filled by a Company temporary employee 
and is included in the Department’s current and 2016 test year employee count.
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HAW AIT ELECTRIC LIGHT COMPANY 
2016 TEST YEAR ESTIMATE

DISTRIBUTION DEPARTMENT O&M BUDGET DETAIL

The Distribution Department’s operation and maintenance (“O&M”) expense for labor was 
prepared based on staffing levels needed to meet the work demands for the coming 2016 test 
year; and non-labor was prepared using a variety of methods, including: historical averaging, 
price times quantity, historical trending, and vendor quotes. The estimates’ supporting 
documentations are provided in HELCO T-8 work papers accompanying this testimony and its 
exhibits.

Total Power Production Expense (B30-B31)

The Distribution Department’s 2016 test year estimate for power production expense is $103,000 
as shown in HELCO-801.

Power production expense includes labor and non-labor costs incurred in the operation of 
generators and electrical equipment in generating stations to the point where electricity leaves for 
conversion for transmission or distribution as discussed in Mr. Norman Uchida’s testimony, 
HELCO T-7.

The Distribution Department’s overall power production expense is estimated to increase by 
$23,000 from $80,000 in 2015 to $103,000 in 2016. The 2016 test year estimate increase for 
power production expense is primarily attributable to changes in overhead rates.

The largest components of the Distribution Department’s increased power production expenses 
are associated with increase to benefits overheads and the associate increase in the energy 
delivery clearing.

Power Production Expense
HDA- Administration 
HDC- Technical
HDH- Hilo Construction & Maintenance
HDK- Kona District
HDR- Hilo Operations
HDS- Stores
HDW Waimea District

Total Power Production Expense

Transmission Operation Expense (B32)

2016 TY Estimate ($000s) 
1

101

103

The Distribution Department’s 2016 test year estimate for transmission operation expense is 
$613,000 as shown on HELCO-801.
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Transmission operation expense includes labor and non-labor costs that supports load 
dispatching, transmission switching operations, transmission substation inspections and 
operations, communications systems operations including, supervisory control and data 
acquisition (“SCADA”), and transmission line, pole and structure inspections.

The Distribution Department’s overall transmission operation expense is estimated to increase by 
$223,000, from $390,000, in 2015 to $613,000 in 2016. The 2016 test year estimate increase for 
transmission operation expense is primarily attributable to increase in labor and associated non­
labor for overhead line inspections.

The largest components of the Distribution Department’s increased transmission operation 
expense are associated with plans to use more internal labor to expand the scope of the overhead 
line inspection program. See HELCO-WP-802.

Transmission Operation Expense
HDA- Administration 
HDC- Technical
HDH- Hilo Construction & Maintenance
HDK- Kona District
HDR- Hilo Operations
HDS- Stores
HDW Waimea District

Total Transmission Operation Expense

Transmission Maintenance Expense Estimate (B33)

Distribution Department’s 2016 test year estimate for transmission maintenance expense is 
$3,536,000 as shown on HELCO-801.

2016 TY Estimate ($000s)
7

277
223
30
56

613

Transmission maintenance expense includes labor and non-labor expenses that support activities 
such as maintenance and repairs for transmission substation equipment and facilities, 
communications equipment, transmission lines and cables, and transmission line tree trimming.

The Distribution Department’s overall transmission maintenance expense is estimated to 
decrease by $961,000, from $4,496,000 in 2015 to $3,536,000 in 2016. The 2016 test year 
estimate decrease for transmission maintenance expense is primarily attributable to lower outside 
services for vegetation management which is switching focus from transmission system to 
distribution system.

The largest components of Distribution Department’s decreased transmission maintenance 
expense are associated with outside services for tree trimming. See HELCO-WP-802.
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Transmission Maintenance Expense
HDA- Administration 
HDC- Technical
HDH- Hilo Construction & Maintenance
HDK- Kona District
HDR- Hilo Operations
HDS- Stores
HDW Waimea District

Total Transmission Maintenance Expense

Distribution Operation Expense Estimate (B34)

2016 TY Estimate ($000s)
56

1,110
1,729
342
52

_________ 247_________
3.536

Distribution Department’s 2016 test year estimate for distribution operation expense is 
$1,619,000 as shown on HELCO-801.

Distribution operation expense includes labor and non-labor costs to support activities such as 
trouble dispatching and distribution switching operations, distribution substation inspections and 
operations, distribution line, pole and structure inspections, connecting, disconnecting and 
locking meters, investigating customer complaints and testing and treating of wood distribution 
poles.

Distribution Department’s overall distribution operation expense is estimated to increase by 
$97,000, from $1,522,000 in 2015 to $1,619,000 in 2016. The 2016 test yem" estimate increase 
for distribution operation expense is primarily attributable to increases for overhead line 
inspections to perform distribution drive by inspections.

The largest components of the Distribution Department’s decreased distribution operation 
expense are associated with increase labor and overheads for distribution drive by inspections.

Distribution Operation Expense
HDA- Administration 
HDC- Technical
HDH- Hilo Construction & Maintenance
HDK- Kona District
HDR- Hilo Operations
HDS- Stores
HDW Waimea District

Total Distribution Operation Expense

Distribution Maintenance Expense Estimate (B35)

2016 TY Estimate ($000s)
22

471
386
517
115

1
__________1^8_________

1.619

Distribution Department’s 2016 test year estimate for distribution maintenance expense is 
$11,791,000 as shown on HELCO-801.
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Distribution maintenance expense includes labor and non-labor costs to support activities such as 
maintenance and repairs of distribution substation equipment and facilities, distribution lines and 
cables and distribution line vegetation management.

Distribution Department’s overall distribution maintenance expense is estimated to increase by 
$782,000, from $11,008,000 in 2015 to $11,791,000 in 2016. The 2016 test year estimate 
increase for distribution maintenance expense is primarily attributable to increase in the 
vegetation management expenses.

The largest components of the Distribution Department’s decreased distribution maintenance 
expense are associated with outside services hired to trim trees to get to a cycle trim strategy.
See HELCO-WP-802.

Distribution Maintenance Expense
HDA- Administration 
HDC- Technical
HDH- Hilo Construction & Maintenance
HDK- Kona District
HDR- Hilo Operations
HDS- Stores
HDW Waimea District

Total Distribution Maintenance Expense

Customer Accounts (B36)

2016 TY Estimate ($000s)
475
I, 172 
3,343 
3,716

27
1

__________3,055__________
II. 791

Distribution Department’s 2016 test year estimate for its share of customer accounts is $71,000 
as shown on HELCO-801.

Customer accounts expenses includes labor and non-labor costs associated with customer 
accounting and collection activities. Both expenses are discussed in Ms. Natalie Epenesa’s 
testimony, HELCO T-9.

Distribution Department’s overall customer account expense is estimated to increase by $14,000, 
from $57,000 in 2015 to $71,000 in 2016. The 2016 test year estimate increase for customer 
accounts expenses is primarily attributable to higher labor rates and overheads.

The largest components of the Distribution Department’s increased customer accounts expense 
are associated with employee benefits. See HELCO-WP-802.
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2016 TY Estimate ($000s) 
1 
1 
2 
59

71

Customer Accounts and Service Expense
HDA- Administration 
HDC- Technical
HDH- Hilo Construction & Maintenance
HDK- Kona District
HDR- Hilo Operations
HDS- Stores
HDW Waimea District

Total Customer Accounts Expense

Administrative and General Expense (B38-B39)

Distribution Department’s 2016 test year estimate for its share of administrative and general 
expense is $58,000 as shown on HELCO-801.

Administrative and general expense includes labor and non-labor costs compensation of officers 
and executive, office supplies, cost of insurance to protect the utility against losses and damages, 
and recoveries from insurance companies as discussed in in Mr. Paul Eranklin’s testimony, 
HELCO T-11.

Distribution Department’s overall administrative and general expense is estimated to decrease by 
$892,000, from $950,000 in 2015 to $58,000 in 2016. The 2016 test year estimate decrease for 
administrative and general expense is primarily attributable to change in accounting treatment for 
training expenses.

The largest components of Distribution Department’s increased administrative and general 
expense are for changing the accounting treatment of labor and non-labor expenses which was 
charged to O&M in the past but are now charged to the clearing accounts.

Administrative and General Expense
HDA- Administration 
HDC- Technical
HDH- Hilo Construction & Maintenance
HDK- Kona District
HDR- Hilo Operations
HDS- Stores
HDW Waimea District

Total Administrative and General Expense

2016 TY Estimate ($000s)
16
13
2
13
1

15
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Hawai'i Electric Light Company, Inc.
2016 Test Year Rate Case 

Distribution Department Plant Additions

The estimated plant addition amount for the Distribution Department in the 2016 test year is 
$8,942,000, the details of which are shown in HECO-WP-1808. Below are brief descriptions 
and benefits of the plant additions.

PROGRAMS

1. HOOOOOlO- Battery Replacement- $63,000 

Purpose and Customer Benefit
The purpose of this program is to replace communication system batteries and battery 
banks that are degrading and beginning to show signs of failure. Batteries are critical for 
operating communication equipment. Communication equipment includes voice and data 
communication systems for crews and Hawai'i Electric Light business operations, for 
relay protection and system security, for SCADA (Supervisory Control and Data 
Acquisition) equipment, for the Uninterruptible Power Supply (UPS) system at the 
Operations Center, and for point-to-point communication to larger customer-owned 
renewable energy dispersed generator sites. Batteries at Hawai'i Electric Light 
communication sites are periodically inspected, tested, and cleaned by field crews. The 
results from the inspections and tests are reviewed, the manufacturer’s recommended life 
of the battery is considered, and the battery bank is scheduled for replacement 
accordingly.

2. H0000176- Comm Site Air Conditioning- $12,000 

Purpose and Customer Benefit
The purpose of this program is to provide a temperature and moisture controlled, clean 
environment for critical communication equipment. These communication facilities are 
typically enclosed and the environment is controlled with an air conditioner. 
Communication sites are equipped with temperature monitors that alarm when the 
environment exceeds the desired operating temperature range. The air conditioners are 
continuously running and require periodic inspection and maintenance. This program 
replaces air conditioners that fail or are no longer reliable.

3. H0001180- Replace Old Service Conduct- $54,000 

Purpose and Customer Benefit
The purpose of this program is to replace service conductors which connect to customers’ 
facilities that show signs of insulation breakdown. When the insulation on the service 
conductors begin to crack and fail, service to the customer can be affected. One 
particular type of gray service conductor was found to be more prone to insulation
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breakdown, corrosion and premature failure. This program proactively targets and 
replaces this particular type of gray service conductors.

4. H0001795- Replace Lightening Arrestors- $26,000 

Purpose and Customer Benefit
The purpose of this program is to replace transmission and sub-transmission level 
lightning arrestors that have failed or have begun to show signs of degradation.
Lightning arrestors protect and prevent permanent damage to substation equipment in the 
event of a lightning strike on or near transmission facilities. Direct lightning strikes to 
transmission circuits can damage equipment and result in extended service interruptions. 
Strikes that cause damage to equipment require line workers or substation electricians to 
make repairs in order to restore service. Substation transformers are expensive and have 
a very long lead time to order. It is critical that equipment such as substation 
transformers is adequately protected. If permanent damage to equipment does not occur, 
once the electrical fault caused by a lightning strike is cleared by a circuit breaker, the 
transmission circuit breaker can be reclosed and service can be immediately restored.

5. H0002020- Trouble Shter Analysis Tools- $77,000 

Purpose and Customer Benefit
The purpose of this program is to provide the technology and tools for the Company’s 
troublemen inspectors (T/Ts) to enable them to safely determine the cause of an outage or 
service related problem and initiate the appropriate response. The T/Ts utilize a variety 
of tools and equipment to diagnose, isolate and safely address trouble calls. The T/Ts are 
usually first to be dispatched in response to an outage or a customer concern regarding 
their service. They interact directly with customers, are equipped with a bucket truck and 
analysis tools from this program, and typically represent the fastest field response to the 
Company’s customers’ concerns.

6. H0002478- KPE Switch Replacement- $150,000 

Purpose and Customer Benefit
The purpose of this program is to install or replace transmission and sub-transmission 
pole-mounted, three-phase, gang-operated switches on the system. These switches are 
strategically located throughout the transmission grid and are used to isolate sections of 
the transmission system in response to a fault, such as a tree on the line, or to perform 
planned projects or scheduled maintenance. These switches can also be equipped with a 
motor operator and remotely controlled to allow for faster isolation of faults and 
restoration of service to customers. Replacement of switches is required to address 
deteriorated or damaged switches. Replacement may also be needed to upgrade the 
switch with vacuum bottles and a high speed whip needed to interrupt line charging 
current and prevent flashovers during operation.
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and specialized tools for the construction of the transmission and distribution facilities 
around the island. The tools and equipment must be kept in good working condition as 
the linemen rely on them for their safety while working on energized conductors. 
Technical Division crews require tools, testers, and specialized diagnostic equipment to 
maintain the substation, metering and communication equipment located throughout the 
island. The equipment utilized by Technical crews operates at high voltages and/or 
requires a high degree of accuracy and are often unique to this industry.

14. HIOOIOOO- Purchase New Kwh Meters- $2,363,000 

Purpose and Customer Benefit
The purpose of this program is to purchase and install meters for new customers and 
replacement meters for older units for accurate revenue collection.

The cost includes meters and associated equipment for new customers, replacement of 
failed meters/equipment for existing installations, and annual sample testing for PUC 
requirement under General Order 7 in accordance with ANSI standards. Activities and 
costs include the purchase, testing, and installation of meters. Also included are the 
Engineering Department’s labor hours to review and approve metering installations for 
Customer Grid Supply (CGS) and Customer Self Supply (CSS) under the Distributed 
Energy Resources (DER) program. Customer meters measure and register the amount of 
power that is consumed (and in some cases delivered back to the utility) by customers to 
enable accurate revenue collection. In addition, this meter program is essential to 
facilitate the integration of renewable energy into Hawai'i Electric Light’s system and 
enable the Company to comply with the Renewable Portfolio Standards law.

Associated equipment includes but is not limited to current transformers (CT), potential 
transformers (PT), meter covers, locking/sealing bands, locks/seals, test equipment and 
test switches.

Types of meters include but are not limited to kilowatt-hour only, demand, bidirectional, 
and automated meter reading (AMR). Meters may be single-phase or polyphase. 
Bidirectional meters are used for Net Energy Metering (while approvals for new 
installations ended in 2015, approved installations continue through 2016), CGS and CSS 
customers. AMR systems utilize power line carrier and radio frequency communications.
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Waimea (7.5 MW), and major independent power producers (“IPPs”) at Hamakua Energy 
Partners, L.P. (“HEP”) (60 MW) and Puna Geothermal Venture (“PGV”) (34.6 MW). Other as- 
available generation sites at Puueo Hydro (3.35 MW), Waiau Hydro (1.1 MW), Wailuku River 
Hydro (12.1 MW), Tawhiri Power, EEC (Pakini Nui) Windfarm (20.5 MW), and Hawi 
Renewable Development, Inc. (10.5 MW) are also interconnected to Hawai'i Electric Eight’s 
transmission system. In addition, two dispersed diesel units are interconnected to the distribution 
system at the Ouli substation and Punaluu substation.

HEECO-811 shows the east-west distribution of firm capacity on the Hawai'i Electric Eight 
system. The majority of the firm capacity power plants on Hawai'i Electric Eight’s system are 
located on the eastern half of the island while approximately half of the customer loads are on 
the western half of the island. Hawai'i Electric Eight firm capacity power plants at Kanoelehua 
and Puna, and firm capacity IPP plants at PGV and HEP are located on the eastern half of the 
island. Hawai'i Electric Eight firm capacity power plants at Keahole and Waimea are located on 
the western half of the island. Net power generally flows from the power plants in the east to the 
load centers near Kailua-Kona on the west side.

There are four basic transmission routes for this cross-island power flow. Two transmission 
routes follow the path of the Saddle road between Mauna Kea and Mauna Eoa, then through the 
South Kohala area on to Kailua-Kona. A third transmission route traverses from Hilo through 
the northeast part of the island along the Hamakua Coast, through Waimea town and then 
through the South Kohala area into Kailua-Kona. The fourth route traverses from Hilo, through 
the Volcano area, through the South Point area, continuing through South Kona and into Kailua- 
Kona. See HEECO-812 for a diagram of the Hawai'i Electric Eight Transmission System\

The Hawai'i Electric Eight transmission network allows for redundancy in the event of an outage 
to a line or system component. Hawai'i Electric Eight uses single contingency criteria for the 
planning of its transmission system, which means the system is designed to maintain normal 
voltages and line loadings if a single transmission line is out-of-service. However, Hawai'i 
Electric Eight’s transmission system is not designed to maintain normal voltages and line 
loadings if simultaneous outages occur to two or more transmission lines. Because such multi- 
line outages can result in large and serious system disturbances, the proper operation and 
maintenance of Hawai'i Electric Eight’s transmission system is vital to providing reliable 
service.

^ HELCO-812 contains critical infrasfructure information that should not be disclosed publicly under the Homeland 
Security Act of 2002, and/or information that is related to the security of Hawai‘i Electric Light’s facilities, that if 
disclosed publicly, could increase risk to Hawai‘i Electric Light’s facilities, jeopardize its emergency and disaster 
preparedness plans, and/or adversely impact its ability to respond to potential terrorist threats. Accordingly, the 
Company will provide the confidential information in HELCO-812 subject to the protective order in this docket.
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Hawaii Electric Light Company Inc.
1.0 Executive Summary

1.1 Introduction

ECI has completed a comprehensive study to evaluate Hawaii Electric Light Company, Inc. 
(HELCO) distribution vegetation management program on the island of Hawaii. The study 
included an examination of distribution vegetation management practices, policies, operating 
procedures and a review of current work techniques. ECI also documented die amount and 
t)^e of vegetation requiring control on the primary overhead distribution system. HELCO 
tree-caused interruption data and local tree species regrowth were examined and the results 
utilized in formulating the appropriate recommendations and strategies.

The HELCO electric distribution system in Hawaii includes 3,212 pole miles of primary 
overhead dishibution. HELCO currently is not on a fixed length maintenance cycle by 
circuit. HELCO performs work on sections of circuits and the work plan is based on 
interruption data, customer calls and last maintenance date. In addition, HELCO responds to 
“emergent” conditions that require immediate attention, as well as work orders associated 
with construction. The time between pruning varies from 12-months to 24-months.
The primary goal of this study was to identify an optimal vegetation management strategy for 
the entire HELCO distribution system and project associated budgets and reliability 
improvement. Solutions examined were based on information gathered by ECI from the 
HELCO system, data provided by HELCO, industry best practices and ECI’s extensive 
experience and research.
This section contains a brief s)mopsis of the findings and recommendations resulting fiom 
this study. A detailed discussion of these vegetation management program recommendations 
can be found in Section 4.

1.2 Key Findings

On the basis of this evaluation, our experience evaluating more than 170 other 
programs, and comparison with other utilities and benchmark groups, it is evident 
that HELCO has taken steps to estabhsh some important elements of a good 
distribution vegetation management program. Several observations brought us to this 
conclusion: a centralized vegetation management program; standard operating 
procedures and practices; technically correct pruning practices; a vegetation 
maintenance program based on last trim date, reliability, and customer calls. Pruning 
is planned on the most overgrown sections of circuits. While cyclic complete circuit 
pruning is considered a best management practice, HELCO is effectively utilizing 
their limited budget to manage tree-related interruptions.
Despite having many aspects of a good program, examination of HELCO data in 
comparison to indusfiy benchmarks reveals several opportunities for improvement. 
The areas of concern include: lack of a planned cyclic maintenance program by 
circuit; inadequate record keeping need to adequately manage the program; 
inadequate vegetation management staff to effectively plan and execute the
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vegetation management program; projected increases in workload due to inconsistent 
herbicide use; high level of tree-caused outages due to tree/limb failure; inadequate 
reliability data to plan the program and measure success; no formal post-outage 
investigation and a somewhat higher labor cost. The key findings leading to the 
recommendations for improvements are as follows:

• HELCO is understaffed to achieve maximum program efficiency in VM.

• HELCO does not actively remove brush (~ 1,000 acres) within rights-of-way 
(ROW) but rather top trims the brush.

• Herbicide program should be expanded to reduce future workloads and 
maintenance cost.

• HELCO record keeping lacks the collection of certain important detailed 
information related to work crew production. For example, the collection of 
unit production data would allow movement toward more performance-based 
contracting.

• The System Forester spends too much time performing data entry work that 
should be performed by a clerical position.

• The collection of more and improved tree-caused interruption data is required 
to assist in providing an understanding of how trees cause outages on the 
HELCO system.

• Follow-up investigation of tree-caused interruptions is currently performed on 
an informal basis. Documentation of the findings of the system arborist would 
assure accuracy and provide documentation of specific tree conditions and 
tree failure modes that lead to most common tree-caused interruptions and 
provide guidance for developing a targeted approach to improving system 
reliability.

• Vegetation outages on the transmission system are counted as distribution 
interruptions. This does not facilitate an accurate assessment of the vegetation 
maintenance program.

• In outage reporting, a single tree-caused event is counted numerous times 
inflating the N and Cl due to trees/vegetation. Regardless of when portions of 
a circuit are returned to service, the outage should only be counted once.

• Adjustments to current VM oversight are needed to address the following 
areas: follow-up and resolving customer pruning concerns; accomplishment 
of tree and brush removal; use of herbicides as a vegetation management tool 
due to the lack of man-power to set up the notifications and follow state 
regulations; post-pruning Q/A; pre-planning and circuit review prior to 
pruning.

• HELCO cannot achieve the desired optimum circuit-based cyclic program 
required (due to continuous growing season and species growth rates) at the 
current VM funding level.
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1.3 Key Recommendations

ECI’s assessment leads to 15 recommendations to HELCO and are listed below:
1. Begin to maintain Regions on separate cycles.

2. Remove all Albizia on multi-phase circuits up to 100 feet off ROW, one-third 
of the HELCO system per year for three years.

3. Remove overhangs on Albizia on single-phase lines.

4. Establish and fund a hazard tree identification and mitigation program. 
Hazard and danger trees contribute significantly to HELCO’s tree-caused 
outages. Developing an inspection, rating and prioritized hazard tree removal 
program will improve system reliability. Use of a hazard tree rating system at 
the time of evaluation and prioritizing based on voltage and number of phases 
present (highest voltage multi-phase to the single-phase lower voltage areas) 
will help allocate resources based on risk and benefits. By developing a multi­
year expenditure strategy, the high cost of removal can be spread over several 
cycles.

5. Establish two Assistant System Forester positions at HELCO to assist with 
work planning, program execution, post work auditing, handling customer 
issues, performing post outage tree autopsies and assist the System Forester in 
collecting and maintaining vegetation related production and cost records and 
creating periodic reports to senior management.

6. Remove all brush/tall-growing trees species on the ROW under the 
conductors.

7. Consistently utilize herbicides to control stump sprouts and standing brush 
where appropriate. Apply Integrated Vegetation Management (IVM) 
principles on the HELCO system.

8. Enhance the record keeping for line clearance activities. Maintain 
comprehensive records of contractor production and use this information to 
document contractor performance and monitor program schedule and cost. 
Include the number of work units (trees pruned, acres of brush, trees 
removed, etc.), mile worked and man-hours on a circuit basis. This is 
extremely valuable in establishing production and cost standards for specific 
work units (trees trimmed per man-hour, trimming cost per unit of top or side 
pruning, tree removal cost based on size class, etc.) as well as establishing 
historic vegetation maintenance cost at a circuit level. Adopt work planning, 
record keeping and auditing practices that optimize work quality and cost- 
effectiveness.

9. Establish an ongoing work acceptance process (QA/QC) designed to formally 
document and confirm work quality and work completion to established 
standards, such as: compliance widi clearance standards; appropriate and 
targeted tree removals and effective application of herbicide.

10. Consider modifying existing trouble ticket cause codes and add secondary 
cause codes to fiirther dissect root causes for tree-related interruptions. 
Consider the following:
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since it does not normalize for
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Figure 1-1. HELCO 2011 Average Number of Tree-Related Primary Outages per 100 Miles for 2007-2011, as 
Compared to Levels Seen Elsewhere in Nation-wide Benchmark Studies.
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Figure 1-2. HELCO Average Number of Tree-Caused Outages per 1,000 Trees Compared to Other Utilities.

The multi-phase portion of the HELCO system may be more prone to tree-caused 
interruption events than the single-phase portion of the system although that breakout 
is not available due to inconsistencies in outage reporting.
Table 1-1 shows the percent of vegetation clearance for the distribution system as it 
existed in June 2012 during ECEs siuwey. The clearance to conductors is for various 
clearance ranges measured.
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Table 1-1. HELCO’s Percent Tree Population Clearance to Conductor.

��������� ����� ����� �� �� !��"�� #���� �"�$�

%	�&���'(�)� 2% 19% 31% 25% 15% 8% 100%

��'(�)� 3% 15% 27% 32% 17% 8% 100%

��'(�)� 3% 7% 26% 31% 22% 11% 100%

�����* 3% 13% 28% 29% 19% 9% 100%

The data in Table 1-1 shows that HELCO has approximately 16 percent of their total 
trees on the system with four feet or less of clearance.

An analysis of HELCO vegetation-caused interruptions across the system shows that 
the majority of tree-caused outages are due to broken limbs, broken/split trunks or 
up-rooted trees while grow-in outages account approximately eight percent (see Table 
4-4). Frequent pruning may not significantly impact grow-in outages. Removal of 
Albizia on multi-phase, removal of overhang on Albizia on single-phase and hazard 
tree assessment and removal incorporated into the HELCO VM program will help 
achieve the expected reliability improvement.

1.5 Scheduling

Two issues related to scheduling should be addressed. The first is to limit reactive, 
non-scheduled maintenance. Completion of non-critical maintenance requested by 
customers does not normally result in improved reliability.

The second issue is file primary purpose of this study: To determine the optimal 
maintenance schedule and associated budgets necessary to improve reliability. ECI 
has provided seven potential strategies to improve reliability. Based on a review of all 
the various system components and conditions, ECI’s recommendation is Option V. 
Option V consists of the following strategy recommendation:

• Schedule pruning using outage data, tree density, regrowth rates

• North: 2-year cycle

• West: 2-year cycle

• East: 18-month eycle

• East X: 18-month cycle

• Albizia as a standalone maintenance area, a 1-year cycle

• Removal of Albizia on multi-phase circuits (up to 100 feet off ROW).

• Brush removal on multi-phase and single-phase.

• Includes removal of tall-growing tree species on ROW under conductors.

• Some Reliability Enhancement work

• Unscheduled — customer tickets, etc.
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This recommendation divides the East Region into two parts (East and East X) based 
on vegetation and climatic conditions diat affect tree growth. ECI created Albizia as a 
standalone component of the program and recommends a one year cycle. This 
recommendation includes the removal of all brush on the easement as well as taller 
trees. The pruning cycle in the North, West and East regions are established based on 
species present and regrowth rates in those regions. Scheduling needs are to be 
determined using a combination of reliability data, last maintenance date, tree density 
and growth rates. This requires somewhat more work to achieve (more field 
assessment required) however, this will target areas needing maintenance on a “worst 
first” basis and ensures the effective utilization of the maintenance budget. The cost 
projections were made for the various options based on HELCO crew production and 
cost. ECEs recommendations are based on the HELCO system data analyzed and our 
vegetation management experience in conduction over 170 similar utility studies.

1.6 HELCO Vegetation Staffing

The HELCO system is complicated fi:om a vegetation management standpoint. The 
Big Island is unique in the number of species as well as the annual growth rates. To 
adequately plan and oversee the vegetation management program on an extremely 
short cycle requires a lot of management expertise and time. ECI is recommending at 
least one additional vegetation management staff person be added to assist with the 
planning, daily oversight, post work auditing, handling customer relations issues, 
performing post-outage audits, and the preparation of vegetation maintenance reports 
and maintaining historical maintenance data. The addition of two vegetation 
management staff positions would be optimal.

1.7 Estimated Costs

Based upon ECI’s vegetation workload study, crew production and costs and 
information provided by HELCO, Ed’s recommended management strategy is 
shown in Table 1-2 and Table 1-3. This strategy would involve increasing the line 
clearance budget from 2012 levels to accommodate more intensive vegetation 
maintenance practices, i.e. establishing fiill circuit cyclic maintenance. Assuming 
herbicides would begin to be used for stump treatment following tree and brush 
removal and an aggressive hazard and mid-cycle program are adhered to, cost 
reductions are projected in the second and third cycles. These practices would all 
improve system reliability, and in some cases, such as with herbicide use, long-term 
savings would outweigh short-term costs. These recommendations are discussed in- 
depth in Section 4.6. The three most important recommendations for HELCO are: (1) 
providing consistent funding commensurate with the distribution workload; (2) 
aggressive removal of Albizia and removal of overhang on Albizia; (3) aggressive 
hazard tree removal on the system. As conditions change, requiring modification of 
the strategy, changes in funding should be made accordingly.
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Table 1-2 ECl’s Preferred Maintenance Cycle Description: Option V

Option V:
District / Sub- 
District Plan

ECI Preferred 
Option

Planned Maintenance: Schedule pruning using outage 
data, tree density, regrowth rates.

o North: 2-year cycle
o West: 2- year cycle
o East: 18-month cycle 
o EastX: 18-month cycle
o System Wide Albizia: 1/3 of the system per year 

for 3 years.
■ Removal all Albizia on multi-phase 

circuits up to 100 feet off ROW.

• Removal of all Albizia overhang on multi-phase lines 
and only Albizia that is 0-12 feet above conductor on 
single-phase lines.

• Add a dedicated crew for brush removal on multi-phase 
and single-phase and herbicide application. Budget 
separately from planned maintenance work.

• Removal of tall-growing tree species on under multi­
phase lines (currently majority is being top-pruned).

• Targeted removal of 4 to 12 inch diameter tall-growing 
tree species on ROW under single-phase lines.

Unscheduled Reactive Work Reactive work should be 
minimized with the use of schedule mid-cycle inspection 
and trimming. Limit customer tickets, restoration support, 
and operation hot-spot requests to no more than $500,000. 
Budget separately.

Staffing: Add 2 Assistant System Forester to assist with 
program implementation, scheduling, inspection, and work 
planning.

Trimming Crews: 27 crews would be needed to perform 
planned maintenance work.

Option VII: 
HELCO

Current HELCO 
Maintenance 
Budget Modified

Planned Maintenance: Schedule pruning using outage
data, tree density, regrowth rates.

o System Wide Albizia: 1/3 of the system per year 
for 3 years.

■ Removal all Albizia on multi-phase 
circuits up to 100 feet off ROW.

• Removal of all Albizia overhang on multi-phase lines 
and only Albizia that is 0-12 feet above conductor on 
single-phase lines.

• Add a dedicated crew for brush removal on multi-phase 
and single-phase and herbicide application. Budget 
separately from planned maintenance work.

• Removal of tall-growing tree species under multi-phase 
lines (currently majority is being top-pruned).
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Table 1-4 ECl’s Maintenance Cycle Cost Detail: Option VII - Modified HELCO Current Program

"@�	�� � � "@�	�� � � "@�	�� � � "@�	�� � � "@�	�� � �
1��� �� 1��� �� 1��� �� 1��� �� 1��� ��

,-��" A) ,-��" A) ,-��" A) ,-��" A) ,-��" A)
Current Budget Current Budget Current Budget Current Budget Current Budget
.�0	�	�0 �6	��( .�0	�	�0 �6	��( .�0	�	�0 �6	��� .�0	�	�0 �6	��( .�0	�	�0 �6	���

Albizia removal Albizia removal Albizia removal Albizia removal Albizia removal
& HerbJBriish & Herb./Brush & HerbJBrush & HerbJBrush & HerbJBrush

Control Control Control Control Control
VM Activity Program) Program) Program) Program) Program)

Planned
Maintenance Total: $4,128,000 $3,744,000 $2,786,000 $2,381,000 $2,381,000

Circuit Maintenance: $2,073,000 $2,073,000 $2,073,000 $2,073,000 $2,073,000
$�4	;	� �",��= $485,000 $241,000 $0 $0 $0

$�4	;	� ���	> $415,000 $275,000 Combined w/ Combined w/ Combined w/
District Budget District Budget District Budget

$�4	;	� �?�>�<�� ��� $405,000 $405,000 $405,000 $0 $0
.+��	�'(�)�*

Herbicide & Brush $750,000 $750,000 $308,000 $308,000 $308,000
Control Program:

Reactive
Maintenance Total: $500,000 $500,000 $500,000 $500,000 $500,000

TOTAL VM 
PROGRAM:

$4,628,000 $4,244,000 $3,286,000 $2,881,000 $2,881,000

Difference from 
2012 Budget: +$2,055,000 +$1,671,000 +$713,000 +$308,000 +$308,000

Contract Resource
Requirements:

� �.�� ��	�� ��.��+��* 16 15 11 10 10

1.8 Estimated Cl Improvement for Cycle Options
Observations made by ECI on other utility systems support the premise that contaet between 
trees and distribution eonduetors only rarely, and under eertain cireumstanees, results in 
outage events. In order to achieve significant reductions in total tree-caused outages both 
growth and tree failure causes must be addressed. HELCO’s reported tree caused interruption 
rate per 1,000 trees in Figure 1-2 is 1.01. A reasonable goal for HELCO is to reduce 
interruption per 1,000 trees by eight percent (from 1.01 to .7 interruptions per 1,000 trees) at 
the end of the first cycle and potentially by 44 percent (from .7 to .6 interruptions per 1,000 
trees) by the end of the second and subsequent cycles.

ECI’s projections for reliability improvement for Option 5 are based on achieving this target 
(Table 1-5). Figure 1-3 shows the cumulative Cl avoided for the various cycle options.
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Table 1-5. HELCO tree-caused interruptions and Cl projected savings by year for Option 5.

Year
2013

Year
2014

Year
2015

Year
2016

Year
2017

Year
2018

Year
2019

Year
2020

Year
2021

Year
2022

N Reduction 0 95 42 0 0 0 0 0 0 0

Cumulative
Cl Reduction 0 13,498 18,935 18,935 18,935 18,935 18,935 18,935 18,935 18,935

Projected
Events 0 215 173 173 173 173 173 173 173 173

I 25,000
< 20,000

3 10,000

•Option 1 
•Option 2 
■Options 
•Option 4 
•Options 
•Option 6 
•Option?

Figure 1-3. HELCO Cumulative Cl Avoided for the Various Cycle Options.
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HELCO
2.0 Introduction

The Hawaii Electric Light Company (HELCO) engaged ECI to complete a comprehensive 
review of its distribution vegetation management program on the Big Island with the goal of 
identifying an optimum vegetation maintenance strategy and identifying opportunities for 
improvement. ECI has completed similar studies for more than 170 electric utilities around 
the world. ECI’s study involved an in-depth evaluation of HELCO’s operating procedures, 
work practices and vegetation workload.

HELCO also requested that ECI develop an optimal maintenance sttategy. This is based on 
utilizing ECI’s growth simulator model to determine optimum cycle based on species 
regrowth rates on the HELCO system. ECI is also charged with a review of current 
vegetation maintenance clearance specifications and recommending enhancements to 
maximize system reliability while maximizing cost efficiencies of the vegetation 
maintenance program.

HELCO provides retail electric service in a 4,028 square-mile service area on the Big Island 
to approximately 95,000 customers. HELCO has three operation Regions: West, North and 
East. HELCO has approximately 3,212 miles of overhead primary distribution lines that 
includes 69 kV, 34 kV, 12 kV and 4.16 kV voltages and require vegetation maintenance. 
Approximately 50 percent of these miles are three-phase construction. The approximate split 
of the disfiibution system miles are 50 percent in the East Region, 25 percent in the North 
Region, and 25 percent in the West Region. This generally reflects the customer load as well. 
The current vegetation maintenance is implemented at a sub-circuit level and varies fiom 12 
to 18 months to 24 months on the drier west side of the island.

2.1 Project Purpose
This report presents an overview of the HELCO distribution vegetation management 
program. ECI conducted a comprehensive study of the HELCO program in June of 
2012. The results of this study and the recommendations for enhancing the line 
clearance program, with an emphasis on optimal vegetation management cycle length 
and corresponding budget requirements, are presented in this report.

The following vegetation management program elements have been evaluated:

• Program management
• Vegetation workload
• Scheduling practices
• Field procedures
• Public relations
• Budgeting
• Record keeping.
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Field surveys conducted by ECI provided the required data for projection of the 
existing vegetation workload, as well as the tree contractors’ resources and budget 
required for its management. Analysis of HELCO tree-caused interruption data and a 
study of tree growth were completed to aid in development of the appropriate cycle 
length and cost options for the program.

2.2 Report Organization

This report has been divided into five main sections.

• Section 1: Executive Summary — HELCO’s current operational procedures 
and presents recommended improvements designed to encourage the 
continued development of a long-term, cost effective distribution and sub­
transmission vegetation management program.

• Section 2: Introduction
methodology.

Project purpose, report organization and

• Section 3: Analysis of Present System — Vegetation workload on the 
HELCO system, and presents re-growth data, reliability data and program 
expenditure histories.

• Section 4: Recommendations — Management-oriented section that briefly 
presents specific recommendations designed to enhance the long-term cost 
effectiveness of the HELCO vegetation management program.

• Section 5: Appendix 
referred to in this report.

Supplemental material to fiirther clarify items

2.3 Study Methodology
ECI’s study of the HELCO vegetation management program included an in-depth 
field survey of the current vegetation workload on their primary overhead distribution 
system. Included is a review of existing field practices, operating procedures, 
historical data, and interviews with HELCO operations and key management 
personnel.

2.3.1 Office Data

HELCO supplied historical data required for the program evaluation. The requested 
documentation was discussed between ECI’s project management team and HELCO 
management staff. Additional information, including staff recommendations and 
suggestions for improvement, was obtained during interview sessions with the 
HELCO staff responsible for vegetation management oversight.

ECI’s extensive library and resource base of practical experiences in the vegetation 
management industry were utilized, in conjunction with the information provided by 
HELCO, in the analysis of HELCO’s current vegetation management program. 
Comparisons were made with other utility vegetation management programs on the 
Mainland U.S. to assess the efficiency and efficacy of the existing HELCO program. 
HELCO is a unique environment in regard to species and climate. While a direct
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comparison of HELCO to Mainland utilities may not be valid; it does provide a 
perspective overview of HELCO system components.

2.3.2 Vegetation Workload

A field survey was conducted to assess the existing vegetation workload. Ed’s 
workload survey consisted of quantifying vegetation conditions at sample points 
randomly located throughout the HELCO system. Survey sample points were 
distributed randomly across the HELCO system. Data was collected in June of 2012.
There were two survey teams consisting of an ECI employee and a HELCO supplied 
driver (tree contractor GF or crew leader) to ensure validity of sample locations and 
maximize collection speed and safety along the roadways.

This survey was designed to estimate the existing vegetation workload on HELCO’s 
primary overhead distribution system. Although data was collected from each of the 
three regions and sub-regions, the sampling procedure was designed to achieve an 
overall, system-level tree workload projection. Data was collected to insure that this 
projection achieved a level of accuracy within ±10 percent error at a 95-percent 
confidence level.

2.3.3 Re-growth Data

Tree re-growth data for this report came from several sources; a 1992 re-growth study 
by ECI on the Hawaiian Electric Company system, research on re-growth rates for 
species on the Big Island of Hawaii, and information supplied by the HELCO System 
Forester. The tree re-growth data supplements the 2012 workload study on the 
HELCO system. During the re-growth study, sample measurements were taken from 
trees that had been previously pruned away from the conductors. Measurements were 
taken only from tree species identified through the workload survey as being among 
the most common species on the HELCO system (four species representing 63 
percent of all trees). Annual regrowth after from time of pruning for both side and top 
pruning was measured for each of the four selected species. Multiple measurements 
for both of these pruning types were taken from each species selected. The 1992 field 
data was supplemented with research on local growth rates for the predominant 
species. All data, regardless of source, was reviewed by the HELCO system forester 
to verify the accuracy. This information was then run through ECI’s exclusive re­
growth model.

2.3.4 Cycle Optimization

Tree re-growth rates, together with vegetation workload characteristics and 
interruption data, were utilized to model the impact of various pruning cycle options.
HELCO’s unit cost production was measured through the use of special timesheets 
provided by ECI and analyzed using ECI’s Trim Report & Evaluation System 
(TRES). Time sheets were monitored for a five week period. Work practices that 
were currently not being conducted were supplemented using ECI historical 
production data from other utilities in conjunction with verification by the HELCO 
system forester. HELCO’s unit cost production combined with ECI historical unit 
cost data (where HELCO production data was missing) was utilized in the 
development of cost projections for various modeled options.
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Summer is also the season with a high frequency of late afternoon or early evening 
showers. Conditions are somewhat warmer and decidedly drier than in windward 
locations.

5. Rainy Mountain Slopes of Leeward Side - rainfall and cloudiness are very high with 
considerable rain both winter and summer. Temperature s are equable, humidities are 
higher than in any other region.

6. Lower Mountain Slopes on Leeward Side - rainfall is greater than on the adjacent 
leeward lowlands, but distinctly less than at the same level on the windward side 
except that the zone of maximum rainfall usually occurs just to the leeward of the 
rests of the lower mountains. Temperature extremes are greater than on the rainy 
slopes of the windward sides of the mountains and cloudiness is almost as great.

7. High Mountain Slopes - above 2,000 or 3,000 feet on the high mountains of Mauna 
Kea and Mauna Loa, rainfall decreases rapidly with elevation. Near the summits, 
rainfall is scant and skies are clear a high percentage of the time. Relative humidities 
may reach values of ten percent or less. The lowest temperatures in Hawaii are 
experienced in the region, with below freezing being common.

3.1.2 The Climate

The most prominent feature in the Hawaiian Islands is the persistent trade-wind flow in a 
general east-to-west direction. The Pacific High, and with it the trade-wind zone, moves 
north and south with the sun, so that it reaches its northern-most position in the summer half- 
year. This brings the heart of the trade-winds across Hawaii during May through September 
when the trades are prevalent 80 to 95 percent of the time.

The dominance of the trades and the influence of terrain give special character to the climate 
of the islands. Completely cloudless skies are extremely rare, even though much of the time 
the dense cloud cover is confined to the mountain areas and windward slopes, while the 
leeward lowlands have only a few scattered clouds. Showers are very common; some may be 
heavy, but, the vast majority are light and brief, just a sudden sprinkle of rain. Even heavy 
rains are rarely accompanied by thunder and lightning.

The rugged configuration of the Big Island (Figure 3-1) produces marked variations in 
conditions from one locality to another. Air swept inland on the trade winds or as a part of 
storm circulation is shunted one way and another by the mountains and valleys and the great 
open slopes. This complex three-dimensional flow of air results in striking differences from 
place to place in wind speed, cloudiness and rainfall. Together with variations in the 
elevation of the land, it results in differences in air temperature. The climatic pattern reflects 
not only dynamic elements such as the trade-wind flow, the passage of major storms, and the 
seasonal rhythms of daylight and of solar heating, but also the static element of topography.
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M
Figure 3-1. Geography of Hawaii.

The most striking contrasts in climatic conditions are that of rainfall. At one extreme the 
annual rainfall averages 20 inches and less in the leeward coastal areas and near the summit 
of the very high mountains, Mauna Kea and Mauna Loa. At the other extreme the annual 
average exceeds 300 inches along the lower windward slopes of these high mountains. The 
complexity of the rainfall pattern and the sharpness of rainfall gradients are evident from 
annual precipitation maps (Figure 3-2). Except for the Kona coast, at elevations below 2,000 
feet winter is the season of highest average rainfall. The Kona coast has a unique seasonal 
rainfall regime. The summers are wetter than the winters. This phenomenon is associated 
with the well-protected Kona cost, which lies leeward of Mauna Loa and Mauna Kea, where 
there is a distinctive local circulation. This daytime onshore breezes 5delds fairly regular 
rainfall in the summer as compared to other lowland regions where the bulk of rainfall occurs 
in the winter.
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Figure 3-2. Mean Annual Rainfall Island of Hawaii.

3.1.3 Winds

As in any mountainous area, the wind patterns on the Big Island are exceedingly complex. 
While the trade winds are fairly constant in speed and blow a high percentage of the time, the 
relatively uniform trade-wind flow is distorted and disrupted by the mountains, hills and 
valleys. For all these reasons, average wind speed values are informative only in a broad
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descriptive sense, and it is necessary to consider a variety of wind situations even to begin to 
describe realistically the true wind conditions. The average wind speeds are highest during 
the summer trade-wind period (May - September).

3AA Major Storms

Major storms occur most frequently during the winter months (between October and March. 
They may yield very high winds from any direction. It is not unusual to have maximum 
speeds of only 35 to 40 MPH in one locality and much higher speeds in a restricted area only 
a few miles away. During this period, there could be as few as two or three or as many as six 
or seven major storm events in a particular year. These storms typically bring heavy rains; are 
sometimes accompanied by heavy winds, at least on a local scale. The storms may be 
associated with the passage of a cold front, moving from west to east or from north west to 
south east ( opposite the normal flow of the trade-winds).

There are four classes of disturbances that produce major storms:

1. Cold Front - locally heavy showers and gusty winds

2. Low Pressure System — heavy rain and strong wind. Kona Storms — wind from 
opposite the prevailing trade winds (out of west), term for slow moving subtropical 
cyclones.

3. Tropical storm or Hurricane — Hurricanes are rare, but, may pass close enough to 
yield heavy rain and hi^ winds, only four have affected the islands during a 63-year 
period. Tropical storms are more frequent. Tropical storms are similar to a hurricane, 
but, winds are more modest (below 74 MPH).

Low pressure system in upper atmosphere 
the above.

a low trough not associated with any of

3.1.5 Snow and Ice

Several times a year, between October and May, major storms may deposit a foot or more of 
snow on the upper slopes of Mauna Kea and Mauna Loa. The snow may extend as low as
7.000 feet, but snow below 11,000 feet quickly vanishes. There is no continuous snow cover 
on these mountains. Once every few years, a Kona storm at elevations above 7,000 feet or
8.000 feet can coat roads and structures thickly with ice and snap power lines. The intense 
solar heating and warm air at these elevations quickly eliminates all traces of even the most 
sever ice storm within a few days.

3.2 Program Organization and Operation 

3.2.1 Organization

The responsibility for vegetation maintenance resides solely with the system forester, the 
only HELCO employee associated with vegetation maintenance on the distribution and
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transmission system. The system forester reports to the manager of distribution. Appendix H
provides a complete organizational chart for the HELCO system.

The system forester’s responsibilities include:

• Pre-work planning for preventative maintenance work - selecting work to be done by 
quarter;

• Providing cost estimate for preventative maintenance work selected based on historic 
unit cost;

• Prepare purchase orders (PO) for work on a job by job basis;
• Audit work while in progress;
• Respond to customer concerns, complaints, follow-up on trimming refusals;
• Maintain all production and cost records associated with each PO;
• Perform post work quality assurance;
• Provide payment authorization for each contractor’s invoice against each PO at 

completion of a project;
• Day-to-day oversight of the two contractors performing vegetation maintenance for 

HELCO, including informal safety and quality audits and periodic safety training;
• Performing post-outage investigations on major vegetation caused interruptions (500 

customers or more);
• Select areas for “hot spot” or reactive pruning, including determining scope of work 

and monitoring progress of the reactive work;
• Coordinating line clearance trimming requirements for construction work orders and 

reliability enhancement trimming;
• Inspection, scheduling and oversight of the transmission vegetation maintenance 

program;
• Preparing all reports associated with vegetation maintenance activities on the HELCO 

system.

3.2.2 Contract Crews

HELCO currently has two line clearance contractors with three contract tree crews each that 
perform cyclic distribution maintenance, capital/work order pruning, reliability enhancement 
pruning, customer ticket requests and storm response and transmission vegetation 
maintenance. HELCO began 2012 with a vegetation maintenance budget of $1.9 M. About 
mid-year another SIM was added to the vegetation maintenance budget bringing the total to 
$2,900,000 ($327,000 for transmission, $2,573,000 distribution) for vegetation maintenance. 
The contractors utilize 65-foot trim lift trucks with chippers. Chipping of brush is done in 
residential areas with the main disposal method being stacking at the edge of the ROW. Each 
contractor has a billable full-time General Foreman for crew supervision and interface with 
the HELCO system forester.

While the crews are paid on an hourly basis, HELCO contracts with the two line clearance 
contractors utilizing purchase orders. The amount of the purchase order is based on the tree 
density using historic data and cost is tracked by diameter class of the trees trimmed or 
removed. This is also the method of payment to the two vendors. Production is measured and 
tracked using the number of units worked. Based on historic data the goal is 6 units (trees 
trimmed) per hour or 100 units per week. Data is not collected by circuit, but, by purchase 
order or work packet.
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3.3 Distribution System Workioad

The tree and brush workload on the HELCO distribution system was estimated statistically 
on the basis of random sample surveys conducted across HELCO’s primary overhead 
distribution system. Workload projections were calculated based on the 3,212 line miles of 
distribution overhead. For the purposes of this survey, brush was defined as plant growth 
under four inches diameter, maturing at 20 feet or more. Brush was measured in quarter span 
increments.

3.3.1 Tree Workioad

ECI projects that there are approximately 306,000 (± about 23,800) total trees on the 3,212 
miles of line that comprise the HELCO primary overhead distribution system. These are the 
trees under and along the HELCO overhead distribution system that require maintenance. 
Table 3-1 summarizes the vegetation workload on the HELCO distribution system.

Table 3-1. Projected Vegetation Workload on the HELCO Primary Distribution System.

Tree
Pruning

Tree
Removal^ Tree Overhang 

Removal

Total Hazard Brush‘d Sampling
Trees Trees'^ Acres Error

HELCO
Distribution 198,000 

System
61,000 48,000 306,000 1,930 1,010 ±7.8%

Figure 3-3 provides a comparison of tree densities with other utilities. Of the 100± utility 
vegetation workload studies conducted by ECI, the average tree density is 90-95 trees per 
mile, indicating HELCO’s tree density (95 per mile) is about the norm for the industry. 
Utilities with the highest tree densities are located primarily in the northeastern United States. 
However, as will be covered latter, the annual growth rate for the tree species on the HELCO 
system are some of the highest in the world. While HELCO’s tree density (trees per mile) is 
considered average, the growth rate is beyond anything comparable found on the mainland.

2 In general, good candidates for removal will be small diameter trees in rural areas. Fast-growing b'ees in urban or rural 
areas may also be good candidates for removal regardless of diameter, especially if they would require top pruning.
3 Tree(s) that are obviously dead or dying and could come in contact with the conduct's when they fell. The number of 
hazard trees on the system is a huge driver of reliability.
^ A woody plant less than 4 inches diameter (d.b.h) that may reach the conductor at maturity.
^ Sampling error is a percent of the mean of the estimated number of trees per mile at the 95% level of confidence.
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Figure 3-3. Comparison of HELCO's tree density with other mainland 
utilities and the industry as a whole.

Line construction, growth rate, pruning type, species composition and clearance 
characteristics shape the approach to vegetation maintenance. By understanding the system 
make-up or characteristics, a strategy can be developed to maximize the vegetation 
management effort and provided a more directed approach to improving system reliability. 
Figure 3-4 provides a look at the HELCO System workload by construction type and the 
system overhead miles by construction type. The conclusion that can be drawn from 
Figure 3-4 is that the workload is greater on multi-phase construction (64 percent of the 
tree workload is on 70 percent of the line miles).

Single­
phase
36%

2-phase
19%

Smgle-

2-phase
19%

Vegetation Workload Line Miles

Figure 3-4. HELCO Workload Breakdown Construction Type (left) and Breakdown of HELCO System
Construction Type (right).

Based on the results of ECFs system survey. Figure 3-5 shows the workload characteristics 
of the trees on the HELCO system. Of the total trees listed above, 15 percent were found to 
be overhanging the conductors. Appendix A provides some of the system characteristics and 
comparisons to other utilities.



HELCO-813 
DOCKET NO. 2015-0170 

Page 33 of 131

Remove
20%

Top
Prime
33%

Figure 3-5. HELCO Workload Breakdown by Pruning and Removal.

3.3.2 Species Composition

As a tropical / sub-tropical climate, HELCO has a vast number of tall-growing tree species, 
both indigenous and introduced, that make up the tree workload. There were 17 unique 
species that represented a minimum of one percent of the total tree population. In addition 
there were over a dozen species that that accounted for less than one percent of the total tree 
population. This group of tall-growing tree species represents 19.5 percent of the total tree 
population in total. The most common tree species on the HELCO distribution system are 
listed in Table 3-2 and the species are listed in order of relative frequency encountered during 
the survey as a percent of the total tree population.

Table 3-2. The most common tree species found on the HELCO distribution system in order of frequency.

COMMON NAME SCIENTIFIC NAME FREQUENCY
Ohia lehu Metosideros polymorpha 15.1%
Palms & Coco Species various genus and species 12.3%
Swamp mahogany Eucalyptus robusta 8.5%
Ironwood Casuarina glauca 5.4%
Christmas berry Schinus terebinthifolius 4.6%
Albizia Paraserianthes falcataria 3.8%
Cecropia or trumpet tree Cecropia obtusifolia 3.3%
Avocado Persea americana 3.3%
African tulip Spathodeo campanulata 2.7%
Gunpowder tree Terma orientalis 2.2%
Waiawi Psidium cattleianum 2.1%
Basswood Melochia spp. 2.0%
Mango Mangifera indica 1.8%
Monkey^od Samanea saman 1.5%
Silk-oak Grevillea robusta 1.3%
Kiawe Prosopis pallid 1.3%
Chinese banyan Ficus microcrarpa 1.3%
Pink tecoma Tabebuia heterophylla >.9%
Java plum Syzgium cumini >.9%

COMMON NAME SCIENTIFIC NAME FREQUENCY
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Wiliwili Erythrina sandwicense >.9%
Australian blue gum Eucalyptus globules >.9%
Rainbow tree or bagrass Eucalyptus deglupta >.9%
Autograph tree Clusia rosea >.9%
Common guava Psidium guajava >.9%
Common bamboo Bambusa vulgaris >.9%
Cook pine Araucaria columnaris >.9%
Koa Acacia koa >.9%
Brassia or Octopus tree Schefflera -Brassaia actinophylla >.9%
Fiddlewood Citharexulum caudatum >.9%
Breadfruit Artocarpus altilis >.9%
Other 15.8%

3.3.3 Tree Removal

Trees can be managed by pruning or complete removal. As part of the workload survey, trees 
were identified by ECI as removal candidates when their growth characteristics or conditions 
indicated a need, or because their location suggested the potential for cost-effective removal. 
Candidates typically included volunteer trees (brush that has been allowed to mature) and 
trees that were obviously dead, dying, or otherwise structurally unsound (hazard trees). In 
general, trees in landscaped areas and other ornamentals were not usually classified as 
removals unless the tree was located directly underneath the conductors, or it was determined 
that removal would be especially beneficial (e.g., trees that have been improperly trimmed in 
the past, fast-growing trees with minimal clearance, trees with major structural defects, or 
immature trees that, when mature, will require repeated pruning to maintain an acceptable 
clearance).

It is estimated that 20 percent or more of the HELCO tree workload could be removed 
(hazard trees + removal candidates). Figure 3-6 represents data obtained from a typical utility 
(on a four year cycle) and provides a comparison of the cost to remove a tree compared to 
that of pruning. For most utilities, it costs no more to remove smaller trees than it does to 
prune them. In fact, many small trees can be removed for less than it would cost to prune 
them, resulting in reduced short-term expenditures.

ECI performed a Net Present Value (NPV) analysis specific to the HELCO system. The 
NPV analysis was based on: interest rate of five percent; HELCO’s 2012 cost to prune a tree; 
a two-year pruning cycle; a 10-year time period. The result is that at the end of 10 years, the 
NPV trim cost was $216 and the NPV removal cost was $190. The conclusion is that 
HELCO can spend up to approximately $200 per tree for removal for the same cost as 
pruning.
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Removal Costs 

* Top Pruning Costs 
-• - Side Pruning Costs

Comparison Based on Data Obtained from one of ECl's clients.

DIAMETER CLASS (d.b.h.)

Figure 3-6. Comparison of Relative Pruning and Removal Costs.

Figure 3-6 also illustrates that the cost to remove a tree significantly increases as the size of 
the tree increases. Guidelines help assure that the selection of trees to be removed is cost 
effective. However, since removal and stump treatment of trees will reduce the future 
workload and provide for long-term cost reductions, many utilities are often willing to 
remove some larger trees. It was noted during the ECI audit that removal of some of the 
obvious hazardous trees, palms, tall-growing trees and brush growing under conductors has 
been a part of HELCO’s practice, mainly apparent on multi-phase circuits. However, it was 
also observed that there was prolific re-sprouting fi*om the cut stumps indicating a lack of 
herbicide treatment at the time of tree/brush removal, see Figure 3-7.

Figure 3-7. One Year Re-Growth of Albizia where herbicide not applied.

Tree removal is advised for trees at risk due to lean, soil conditions and presence of decay 
organisms. In addition to decay organisms, other hazards that may require tree removal 
include: split trunks; storm damage; severe lean; major deadwood above or next to 
conductors; obvious signs of tree decline; weak limb attachments and included bark where 
the main trunk divides.
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3.3.4 Tree Pruning

Even with an aggressive removal program, most of the trees on the distribution system will 
remain, therefore requiring periodic pruning. Table 3-3 provides a breakdown by work t5rpe 
on the HELCO system.

Table 3-3. Distribution Vegetation Management by Work Type.

HELCO Top Trim Side Trim Overhang Removal 
Distribution 33% 32% 20% 20%
System

On the HELCO system, 30 percent of the spans surveyed required no vegetation 
management.
Pruning is a temporary measure, but the use of proper techniques can reduce and direct 
growdh away from the conductors, providing adequate clearance for a longer time. Improper 
trimming techniques can stimulate growth, thus providing only short-term results. Studies 
have shown that properly pruned trees encroach on the conductors at a rate that is 25 percent 
to 50 percent slower than improperly trimmed trees. ECI observed that HELCO’s contract 
line clearance crews are following proper arboricultural standards.

3.3.5 Clearance

As part of the workload study, average distance to the conductors was recorded for individual 
trees that were identified as requiring maintenance. Figure 3-8 shows HELCO’s tree 
population by clearance proximity to the overhead conductors. Across the system, 
approximately 16 percent of the tree workload is within four feet of the conductors and 
approximately 44 percent within seven feet of conductors and capable of making contact by 
the end of the 2012. Compared to other utilities HELCO has been effective in minimizing 
free contract with primary lines as documented in Figure 3-9.

Figure 3-8. Percent of Total Tree Population by 
Clearance to Conductors.
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C2-2002) Section 218^ states, “Trees that may interfere with ungrounded supply conductors 
should be trimmed or removed.” The 2007 modifications to Section 218 changed the word 
“interfere” to “damage.” Section 218 does not specifically state that clearance between 
vegetation and energized lines should be maintained. Moreover, the industry has not 
interpreted this rule to mean that mandatory clearances between vegetation and energized 
conductors be maintained at all times.

Many utilities in North America where wildfires are not a major threat consider 10 percent 
tree contact with the conductors to be a reasonable goal for their distribution line clearance 
program in order to minimize the potential threat of interference with conductors. Many 
utilities exceed this level of tree-line contact. It is important to note that the specific 
conditions associated with trees in contact with conductors are key determinants of the 
impact of those contacts on system performance. ECI research has documented the 
importance voltage stress gradient, stem diameter and tree species as they relate to a tree 
branch becoming a fault pathway leading to a sustained interruption. ECI observed very few 
incidents of tree and line contact (Figure 3-10). This is particularly surprising given the year- 
round growing season, abundant rainfall and the number of tropical and sub-tropical trees on 
the system. Incidental contact between a small tree branch and a conductor normally remain 
low-current high-impedance faults. ECI found that 15 percent of the trees are within four feet 
or less of the conductors at the time of this study. Based on clearance at time of pruning and 
species growth rates in Hawaii, it is possible that approximately 43 percent could be in 
contact with overhead electrical conductors on the HELCO system by the end of the 2012, 
absent any maintenance. The conditions as illustrated in Figure 3-10, demonstrate some of 
the common incidental limb contact noted during the survey.

,1a

Figure 3-10. Incidental tree branch contact on HELCO distribution ilnes.

Of more concern than incidental contact rates are locations where trees have begun to 
overhang conductors and could become a conductive bridge between phases, potentially 
leading to high-current, low-impedance faults. Trees that have grown over the top of multi­
phase lines are examples (Figure 3-11) of higher risks to system performance than incidental 
contact. As illustrated in table 3-3, approximately 20 percent of the tree population on the

6 Appendix E contains the fuii text of the modified Section 218.
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HELCO system have overhang. This is a serious issue in the Puna area with Albizia trees and 
the area north of Hilo along the Eucalyptus plantations. Since the overhang issue is mainly in 
the two areas mentioned, a change in clearance specifications mandating “ground to sky” 
clearance across the system is nol necessary. Overhang should be addressed on Albizia in the 
Puna District as a targeted program of overhang and tree removal. The overhang on the 
Albizia is beyond the reach of the traditional trim-lift truck and must be accomplished 
manually or with the assistance of a crane, both of which are extremely expensive. The added 
cost of removing the overhang on these species was taken into consideration in calculating 
future workload cost. Because the overhang is limited to a few species, a targeted program 
can be implemented to address the overhang on three-phase portions of lines where there is 
significant customer load to justify the high cost of overhang removal.

■ §■

■■-‘--sit.

Figure 3-11. Examples of Albizia Trees Overhanging HELCO Distribution Lines in the Puna District.

At this point, it is important to note that trees are dynamic and the proximal relationship 
between the total tree workload and overhead distribution facilities is influenced by several 
factors. The rate of growth of individual tree species, the amount of clearance achieved at the 
time of pruning, and work scheduling practices all result in a tree population with varying 
amounts of clearance at any given time.

3.3.6 Brush Workload - Distribution

DISTRIBUTION
Figure 3-12 illustrates the distribution of brush workload on the HELCO according to 
Density^ classes. Four Height^ classes were used to examine the condition of the brush on 
the HELCO Distribution System. While HELCO does use herbicide prevent re-sprouting, 
majority of the brush on the distribution system is not controlled with the use of herbicides. 
Rather, brush is top trimmed and allowed to remain within the ROW. Figure 3-13 shows

^ Density: Sparse= 0 to 5%cover Low =5 to 35% cover Medium = 35 to 70% cover High = 70 to 100% cover
(<1,000-stems per acre) (Ik-5,OOOstemsperacre) (5k to 10,000 stems per acre) (>10,000 stems per acre)

^Height: Low = 0to6foot Medium = 6to 12foot High = 12to 18foot Critical = over 18foot
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examples of brush on the HELCO system. This brush has been maintained by “topping”, thus 
the hedge-like appearance.

Brush Height

o ■ High

Brush Density

i 23% ... I ■ Heavy

□Li^ 
□ Sparse

Figure 3-12. Brush Workload on the HELCO Distribution System Divided into Density and Height Classes. Reported in
Percent of Acres.

Figure 3-13. Example of Brush on the HELCO system.

As brush height increases, the practicality of herbicide use to control brush with foliar 
herbicides in rural areas decreases. In addition, the cost of control increases and the difficulty 
in attaining permission to remove brush increases. Herbicides can be used to control stump 
sprouts from any sized tree.

Of the projected 1,010 acres of brush on the HELCO system, 78 percent could be mowed as 
presented in Figure 3-14. Treatment types included mowing (Mow), mowing and spray 
(Mow and Spray), hand cutting (Cut) and hand cutting followed by herbicide application to 
the stump (Cut and Treat). While herbicides are a part of the HELCO vegetation management 
program, they are not used consistently. Neither of the two contractors have specialized 
herbicide application crews and generally do not have herbicides on the truck. By not 
consistently applying herbicides, many acres of brush and cut stumps are left to mature into 
trees thus perpetuating or increasing future pruning workloads. Herbicide treatment of stumps 
of cut trees and brush is an industry best practice.
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Figure 3-14. Percent of Total Brush Acres by Treatment Type or Work Type.

3.3.7 Growth Data

One of the primary factors in determining the appropriate maintenance cycle for the HELCO 
distribution system is the rate at which the trees grow after being pruned. ECI utilized re­
growth data from a similar study conducted on the HECO system. This was supplemented 
with research into the growth rates of a few of the species found on the HELCO system that 
is not a part of the HELCO growth study. Appendix B contains the detailed growth study 
data. Using data from the eight most common species, an overall picture of growth rates 
throughout the HELCO system can be observed (Figure 3-15). The mean side growth rate at 
one year after last pruning is approximately 10 feet and the mean top re-growth is 
approximately 5 feet in one year. Albizia, one of the fastest growing trees in the world, was 
plotted separately to illustrate the dramatic re-growth potential for the species and a leading 
reason to seek removal of this species whenever possible.

« Albizia :Si de-growth Albizia:Top-growth —a Top-Growth -■-Side-growth

45

15

Years Since Last Pruning

Figure 3-15. Weighted Average^ Growth Rates of Top- and Side-Pruned Trees on the HELCO 
Distribution System and the Mean Growth Rate for Albizia.

Growth rates fluctuate based on a variety of factors including species, genetic traits, soil, 
rainfall, maintenance and other factors. These factors combine to play a significant role in the 
re-growth response to pruning of trees on the HELCO system. Figures 3-16 and 3-17 
illustrates the mean re-growth for seven common free species on the HELCO system for side 
and top growth. These seven species represent approximately 45 percent of HELCO’s total 
free population. The seven species are Ohia lehu (Metrosideros poljonorpha); Euclayptus

Weighted average for all species for side and top regrowth.
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(Eucalyptus Sp.); Ironwood (Casuarina glauca); Christmas Berry (Schinus terebinthifolius);
Albizia (Paraserianthes falcataria); Avocado (Persea americana); and Cecropia (Cecropia 
obtusifolia). It should be noted that the mean side and top re-growth for Albizia was 32.8 feet 
and 38.8 feet respectively. Based on the growth rate for Albizia, a 12 month pruning cycle is 
required. Consideration should be given to a focused removal effort directed toward Albizia 
growing under or to the side of the conductors or to establishing enhanced clearances 
standards for this tree species. Albizia represents approximately four percent of the total tree 
population on the HELCO system. However, Albizia is a major cover tj^e in the Puna 
District of the East Region. It is particularly troublesome in the Paradise Park, Hawaiian 
Beaches, Hawaiian Shores, Orchard Island Estates, Hawaiian Acres, Fern Acres, Fern Forest 
Estates and Leilani Estates subdivisions. Because of the uniqueness of the Puna area, the East 
Region was divided into the East (mainly around Hilo) and East X (mainly the Puna District) 
for vegetation management purposes. East X is comprised of the SE portion of the region or 
the Puna area where the heaviest rainfall occurs, where there are numerous large subdivisions 
as previously mentioned and where Albizia is the main problematic tree species. Albizia is 
exceedingly fast growing (see Figure 3-15), subject to major limb breakage and up-rooting.
As shown in Figure 3-11, overhang is a major concern with Albizia in the area and a 
significant contributor power interruption due to limb failure. This area is has a 
disproportionate number of hree cause interruptions due to Albizia. According to the system 
forester, this area requires one crew full-time to stay ahead of the tree re-growth.
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Figure 3-16. Measured Mean Side Re-Growth Illustrated after Five Years 
for Seven Tree Species on the HELCO System, Representing 44 Percent of the Total

Tree Population.
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Figure 3-18. Tree growth simulation at six-month intervals showing the percent of contact following tree maintenance.

Considering the year-round growing season and the abundance of fast-growing tree species, 
HELCO has a remarkably small percent of the trees currently in contact with or growing 
through the conductors when compared to and ECI benchmark group as indicated in the 
previous Figure 3-9. This is a reflection of the quarterly pruning schedule aimed at only the 
portions of circuits that have trees in danger of overgrowing the overhead conductors. While 
this has been an admirable achievement, it also creates a large population of trees that are 
near the overhead conductors. This type of scheduling strategy is appropriate for the short 
term where resources (budget) for maintenance are limited. However, this does not reduce 
the workloads for the fixture and is predicated on being able to trim those trees in close 
proximity prior to contact. The longer this practice is continued, the higher the percentage of 
tree growth at or near contact with the overhead conductors. Should the current work 
schedule be delayed due to construction projects, transmission maintenance or budget 
reductions, the incident of tree contact will quickly increase. In addition, a scheduling 
practice based on available resources (budget) will not allow for a significant improvement in 
tree-related reliability metrics. At best, reliability will remain fiat. Note that the potential for 
an outage increases the longer trees remains in contact with the energized conductor.

3.4 Distribution Tree-Related Interruptions

Trees are a leading cause of service interruptions at HELCO and at most utilities. In the 
proceeding figures, the reported number of vegetation outages calculated by ECI is presented 
for comparison along with benchmarking data collected by ECI from other utilities. In order 
to get a picture of HELCO’s distribution system reliability, ECI calculated the number of 
distribution outages and removed the tree-related interruption associated with transmission 
and sub-transmission line and by eliminating duplicate outage data.

One useful means of comparing effectiveness of vegetation management programs is on the 
basis of tree-caused outages per 100 miles. Figure 3-19 compares HELCO’s tree-caused
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outage frequency to various benchmark indices for primary voltages. HELCO reported an 
average of 9.03 tree-related outages per 100 miles for the year 2011. This number was not 
normalized for exposure associated with tree density. Figure 3-20 provides a normalized look 
at tree-caused interruptions by looking at tree-caused interruptions per 1,000 trees. The 
primary ttee-caused interruptions per 1,000 trees metric relates more directly to outage 
exposure than does the outages per 100 miles metric. HELCO tree-caused interruptions per 
1,000 trees are is lower than many others in the industry at 1.01 outages per 1,000 trees.

□Average BBestlo Class IHELCO
15.04
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10 8.9

J

9.03

-
1.5

_ 1 1___
58Utiiity GroupB GroupC HELCO HELCO- 
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Figure 3-19. HELCO 2011 Average Number of Tree-Related Primary Outages per 100 Miles for 2007-2011, as 
Compared to Levels Seen Elsewhere in Nation-wide Benchmark Studies.
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Figure 3-20.2011 HELCO Number of Tree-Caused Outages per 1,000 Trees Compared to Other Utilities.

Figure 3-21 provides a five-year history of tree-related customer minutes interrupted per mile 
of overhead line on the HELCO distribution system.

9.03 represents the corrected number based on elimination of duplicates recorded under the same outage. 
Comparison groups represent approximately 5 years of outage data. HELCO represents 2011 outage data 

and a 1 -year look could represent an anomaly.
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Figure 3-21. HELCO - All Tree-caused Customer Minutes Interrupted per Mile by Year.

A common reliability index also points to relatively high tree-related interruptions. Figure 3- 
22 summarizes Tree SAIFI for HELCO, and a large benchmark group of utilities. HELCO 
also uses Tree SAIDI to track reliability performance, Figure 3-23.

The multi-phase portion of the HELCO system may be more prone to tree-caused 
interruption events than the single-phase portion of the system although that breakout is not 
available due to inconsistencies in outage reporting.
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Figure 3-22. HELCO - 2011 Tree-Related SAIFI, Excluding Storms, Compared to Nation-wide Utility 
Benchmarks.
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Figure 3-23. HELCO 2011 Tree SAIDI (PA Benchmarking).
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The normalized average annual asset cost per mile, Figure 3-28, consists of all program costs 
divided by the total OH line miles. Programs with extended cycles (i.e. seven-year cycles) 
will tend to be lower. A program that spends zero dollars would be to the far left, however, 
you would expect their reliability to be excessive. It is important therefore, to consider 
reliability as part of the asset cost per mile analysis.

One of the advantages of the asset cost per mile is that it measures all of the extraneous costs 
such as contract management or specialized programs (i.e. spray) that all contribute to the 
mileage being completed. It also removes the biases of corrective maintenance work being 
used to perform planned maintenance work to avoid those dollars from being incorporated 
into the cost per mile. HELCO’s Normalized Annual Average Asset Cost per mile of $1,898 
is well above the average benchmark group, but, interruptions per 100 miles is low indicating 
HELCO is yielding adequate reliability improvement to offset the additional maintenance 
expenditures.

Norm Average Annual Asset $/Mile • 
------Interruptions per 10,000 Trees

■Interruptions per 100 Miles
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Figure 3-28. Normalized Asset cost per Mile Comparison. Normalized for tree density, labor & equipment cost, 
urban/rural, and site accessibility - CPI adjusted to 2011 dollars.
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HELCO
4.0 Recommendations

4.1 Overview

4.1.1 General Assessment

HELCO’s vegetation management program was evaluated in June 2012 to assess 
current field conditions, operating procedures and work practices. On the basis of this 
evaluation, ECEs experience in the evaluation more than 170 other programs, and a 
comparison with other utility benchmark groups, ECI offers the following 
observations concerning HELCO’s current program:

• HELCO is doing a good job of preventing vegetation grow-in outages with a 
limited budget especially considering the high rate of tree re-growth.

• HELCO should have a centralized data base for all associated vegetation 
management programs to collect production and cost data by location where 
work was performed and be able to generate reports pertaining to the 
program.

• Outage reporting needs to include additional cause codes for vegetation to 
provide more detail so that targeted mitigation can be planned.

• Outage reporting needs to be separated by transmission and distribution so 
that vegetation related issues can be isolated to the proper system and 
mitigation plans made accordingly.

• To better manage the VM program, especially as budgets and workload 
increases, it is recommended that HELCO add two Assistant System Forester 
positions.

• To control tree-related interruptions and improve system reliability, HELCO 
should base fiuiding upon the needs of the VM program.

4.1.2 Scope of Recommendations

The assessment covered a wide range of subjects relative to the vegetation 
management program. The results of the assessment segregate the program elements 
into the following categories, each appropriately treated in this section.
A. Elements of HELCO's program that were found to be consistent with those of 

best practice utilities. Little or no fiirther discussion of these items is required in 
this section. Elements in fiiis category include:

• Crew headquarters and dispatch
• Debris disposal
• Centralized program management
• Line clearance contracting
• Reactive maintenance
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B. Elements of the program where minor eomment is appropriate. These elements 

all fall under the general eategory of Work Practices (Section 4.2) and are as 
follows:

• Contract specifications and work standards, including reference to ANSI 
Standards (Section 4.2.1)

• Tree pruning and removal (Sections 4.2.2 and 4.2.3)
• Customer relations/notifications (Section 4.2.2 and 4.3.3)

C. Elements of the program which receive considerable discussion, and which 
require significant recommendations for change. These elements include:

• Brush control and the consistent use of herbicides (Section 4.2.4)
• Funding to commensurate a hazard tree removal program (Section 4.2.5)
• Program management, supervision and work planning (Section 4.3)
• Level of vegetation management staffing (Section 4.3.2)
• Production data collection and reporting, record keeping (Section 4.5)
• Maintenance strategies and cost projection, including scheduling alternatives, 

benefits and cost (Section 4.6)
• Evaluation of productivity including work quality/auditing (Section 4.3.3)
• Post outage tree evaluation (Section 4.2.6)
• Additional categories for vegetation outage reporting (Section 4.2.6)
• Separation of transmission and distribution vegetation-caused interruptions 

for reliability calculations (Section 4.2.6)
• Consistent funding to commensurate distribution workload (Section 4.6.4)

4.2 Work Practices

4.2.1 Specifications and Standards

Hawaii Electric Light Co., Inc. Specification No. TT9301-2 For Trimming Near 
Overhead Power Lines establish technical expectations for tree pruning, tree removal, 
the treatment of cut stumps to prevent resprouting and proper site cleanup. There are 
two major considerations conspicuously absent in the specification: (1) referral to 
following accepted arboricultural practices for utility pruning, and (2) specifications 
or standard for the foliar treatment of brush. This specification should reference 
American National Standards Institute (ANSI) A-300 standards for tree pruning*. In 
addition, the specification only addresses cut-surface herbicide treatment and does 
not include technical specifications for low-volume foliar applications. This 
technique is considered an industry best management practice and a critical 
component of a cost effective vegetation management program.
There is a Specification titled Roadside and Residential Vegetation Management 
Policies. Procedures and Specifications: Hawaiian Electric Company; Maui Electric 
Company; Hawaii Electric Light Company, January 2011. ECI did not find that 
HELCO was following this particular specification at this time. If not adopting the

* Refer to Roadside and Residential Vegetation Management Pohcies, Procedures and Specifications, 
January 2011: 3.12, page 24 as a guide.
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entire specification referenced, ECI suggest adopting specific portions of this 
specification that are appropriate to the HELCO system.

Clearances
Specific standards in feet of clearance to be achieved at the time of maintenance are 
included in the HEECO Specification No. TT9301-2; Exhibit 1 - Secondary 
Trimming (less than 600 volts); Exhibit 2- Primary Trimming (up to 15 kV); Exhibit 
2A - Primary Trimming - Tree Wire (up to 15 kV) Exhibit 3 - Transmission 
trimming (above 15 kV). These clearances are within the range that many effective 
line clearance programs are able to achieve. While 12 feet of horizontal (side 
pruning) clearance is often adequate for distribution voltage, based on species and re­
growth rates, HELCO should strive for greater clearances for fast-growing species 
(see discussion under Pruning). It was noted that HELCO currently tries to get a 
minimum of 30 feet side-clearance on Albizia trees. This effort has meet with good 
success from a customer acceptance standpoint. Rather than specifying a fixed 
distance, HELCO should consider modifying the clearance standard to achieve 
adequate tree-to-conductor clearance for the species being pruned to fit either a 12- 
month, 18-month or 24-month cycle (ECI recommends varying the cycle based on 
predominant tree species, geographic/climatic conditions. In addition, the 
specification contains a list of the trees designated as exceptional in the County of 
Hawaii (Hawaii County Ordinance No 00-121).

Tree Removal
HELCO specifications address several types of trees to be considered for removal 
when they are within the public easement or within HELCO’s line easement:

• Small trees that will require maintenance in the future

• Dead or defective trees which constitute a definite hazard to the conductors

• Trees that are unsightly as a result of line clearance pruning and have no 
chance to develop into their natural form/height

• Fast-growing/sofl wooded or weed trees. Trees include but not limited to: 
basswood, gunpowder, African tulip, octopus tree, Albizia and waiwi

• Tree that require frequent maintenance such as palm trees.

Where implemented, these removal practices will help maintain low costs by 
eliminating these “trapped” trees and removing them from future pruning 
consideration thereby contributing to reliable, cost effective service. Trees that should 
be targeted for removal are those that pose the greatest risk to safety, system 
reliability and storm hardness. Efforts should be directed at three-phase 34 and 12 kV 
lines to maximize reliability improvement for dollar expended. These trees are 
defined as:

• Healthy trees growing directly below overhead lines (“trapped trees”). 
Removal of these trees on the 69 kV system should be required.
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• Healthy trees with trunks established within 10 feet of the overhead lines, 

especially when they are growing at pole/structure locations.

• High risk trees (or parts thereof) that are at risk of failure and are within 
falling distance of the lines.

The specification should include language contained in the newest ANSI standard,
ANNSI A300 (Part 9): Tree Risk Assessment. This new standard establishes three 
levels of risk tree assessment and defines each in detail. The terms “hazard” and 
“danger” tree have been replace in this new tree risk assessment document. This 
document focuses on the level of risk a tree may pose and establishes guidelines for 
the tree risk manager (the controlling authority), tree risk assessor and the arborist (as 
defined in the scope of work) to follow.
HELCO contractors are required to secure written permission from each property 
owner and/or public authority before any trees are removed. HELCO does not 
provide prior property owner notification or require the contractor to secure property 
owner permission for utility pruning

4.2.2 Tree Pruning

By far, most vegetation is kept clear of power lines through pruning. For the most 
part, the pruning practices observed throughout HELCO’s service territory meet the 
accepted arboricultural standards for utility line clearance, as described in the 
American National Standards Institute (ANSI) A-300 tree pruning standard.
Whether or not overhanging limbs are removed when trees are pruned can have a 
significant impact on reliability and vegetation maintenance cost. The industry has 
found that branches overhanging the conductors can be one of the most significant 
threats to service reliability. This is particularly true for weak wooded species with 
excessive overhang, such as Albizia on the HELCO system. ECI is not a proponent of 
removal of all overhang, regardless of species, but, ECI does recommend HELCO 
endeavor to remove Albizia overhang on the three-phase portions of the system. 
Overhanging limbs represent approximately 16 percent of the total trees 
(approximately 48,000 trees) on the HELCO system. HELCO should require the 
removal of all overhanging limbs on lines at or above 69kV. Again, ECI is not 
advocating that all overhanging limbs on multi-phase 12 kV or 4 kV lines be 
implemented. ECI is recommending a more refined approach where overhang on 
weak-wooded species (Albizia) and trees in decline be removed. A whole-sale 
approach of removing all overhanging limbs to reduce the risk of broken limbs falling 
on or across conductors will prove extremely expensive and meet with resistance 
from HELCO’s customers and may only provide marginal improvement is system 
reliability. ECI strongly suggests that HELCO continue the reliability-based 
evaluation of circuits where by problematic circuits (a high number of tree-caused 
interruptions that affect a large customer load) are investigated as to the causes and 
determine if pruning and tree removal, electrical infrastructure or a combination of 
both should be addressed to improve circuit reliability. Work should be prioritized by 
circuit concentrating the work effort on the three-phase portions of the circuits as well 
as unfused two-phase and single-phase taps. This process of quarterly evaluation and 
maintenance should continue until such time funding (budget) is available to prune
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sufficient technical expertise to ensure that the specifications are adhered to.
Monitoring should include regular audits of production figures reported by crews on 
weekly timesheets. An analysis of time utilization, performance and effectiveness 
figures generated by the record keeping system for work completed is recommended.
Evaluation of the work quality and adherence to arboricultural standards (ANSI 
A300) should also be periodically conducted. Currently, the system arborist performs 
informal audits on the contractors work.

4.2.3 Tree Removal

Trees growing close to the conductors must be pruned or removed to prevent 
interference with line reliability. Proper pruning techniques can inhibit and redirect 
growth to extend the time between maintenance; pruning is still only a temporary 
measure. On the other hand, tree removal can provide permanent clearance and 
eliminate future trunk or limb failures. Removal of trees in conjunction with a 
selective cut surface herbicide treatment program to inhibit sprouting of deciduous 
species will provide both short and long-term benefits (see discussion on herbicide 
use). HELCO’s practice has been to cut trees and brushes growing below the 
conductors as part of standard maintenance, however, herbicides have not been 
consistently utilized to inhibit sprout regrowth.

The critical element of cost-effective tree removal is proper tree selection. It is almost 
always cost-effective to remove small trees (4"-12" diameter), but the economics of 
removal change quickly as tree size increases (see Figure 3-6). HELCO’s average 
cost per tree removed (8"-12" diameter - $49.82/tree: trim-lift and manual average) is 
about equal to the cost per tree pruned ($49.27/tree: trim-lift and manual average), 
based on ECI unit production records from HELCO’s line clearance contractors 
(USING ECI Tres program). Danger tree removal and overhang removal were not 
part of this production sample. It is common for utilities that do not target large trees 
for removal to have high numbers of small trees, and, to report average removal costs 
that are about equal to their average pruning costs. This comparison is dependent on 
the maintenance cycle length. While beneficial to maintain a low cost per tree 
removed, there is economic justification on a net present value basis to removing 
some larger trees, even if the cost of removal is somewhat greater than the cost of 
pruning. HELCO should continue to monitor and document information regarding 
trees removed in order to assess the extent of this opportunity vs. the cost in 
achieving desirable reliability.
It is recommended that tree removal be maximized based on economic criteria as a 
part of routine maintenance. HELCO has a high number of potential removals 
(excluding hazard trees). Approximately 20 percent of the total tree population was 
identified as good candidates for removal. Hazard trees account for another potential 
one percent. These removals should be a part of the systematic maintenance program 
with priority being placed on hazard tree removals and species-specific removals 
(Albizia) directly under/adjacent to the multi-phase 12 kV. Albizia has an average 
growth rate of 32.8 feet per year and represents approximately six percent of the total 
tree population on the HELCO system. Even though it represents a small percent of 
the tree population, it is the leading species in causing outages. Targeting this fast­
growing species for removal would greatly improve service reliability in areas where
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this species is prevalent. Based on establishing a tree outage investigation data base 
(see section 4.2.6), trees that are most prone to breakage may have the greatest long­
term benefit on reliability. All future reliability enhanced maintenance programs at 
HELCO should continue to address removal of all Albizia and trees predisposed to 
failure as a result of deteriorating condition. Continuing and increasing the scope of 
reliability enhancement projects can have a significant impact on improving 
reliability on poor performing circuits. Funding should be significantly increased for 
this program.

4.2.4 Brush Control
Brush Control
Hand cutting brush without applying a follow-up herbicide application to the stump 
surface will permit the vegetation to re-sprout, thus requiring future maintenance. 
Trimming brush and/or allowing it to mature results in it becoming a more expensive, 
and often permanent, part of the workload. It was observed that HELCO was not 
consistently applying herbicides after tree removal and was trimming an excessive 
amount of brush vs. removal or mowing.

ECI recommends that HELCO aggressively ground-line cut/mow brush, but also 
begin to treat deciduous cut stumps of trees and brush with appropriate herbicides 
whenever possible. This will prevent future expansion of the distribution workload 
and future line clearance cost increases. Mowing is by far more cost effective than 
manual cutting of brush, especially when utilizing small mowers such as those 
pictured in Figure 4-1. Mowing with herbicide treatment costs approximately $550 
per acre, whereas hand cutting and then treating costs approximately $3,400 per acre. 
The total estimated costs to hand cut and then treat the approximate 1,010 acres of 
brush on fie HELCO distribution system is estimated at $3,400,000. The total 
estimated cost is reduced to $1,200,000 when utilizing mowing with herbicide 
treatment for medium to high density brush areas (~ 780 acres) and only hand cutting 
with herbicide treatment sparse to light density areas (~ 220 acres). When ECI spoke 
with JARRAFF Industries, Inc., ECI was given the approximate cost of $240,000 to 
purchase a Geo-Boy and have it shipped to the HELCO. Ideally, it would be the 
responsibility of the contractor to acquire the equipment needed to perform the scope 
of work requested by the utility. The use of a mechanical method with herbicide 
treatment would result in a savings of approximately $2,000,000.
These types of mowers in Figure 4-1 offer cost effective alternatives to brush control 
on both distribution and transmission ROW’s. After initial removal of tall, dense 
brush either manually or mechanically (including herbicide treatment), it is 
recommended that periodic herbicide application to trees before the reach 10 feet in 
height be utilized to keep the easement free of tall-growing tree species. This is the 
most economical and effective method to control brush. Ed’s future cost estimates 
for brush control are based on the use of herbicides to control brush.
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Figure 4-1. Examples of Small Mowers for Use on Distribution or Transmission ROW’S.

In the more rural areas, there is opportunity to treat brush less than 6-8 feet tall with 
either foliar or basal herbicide applications, avoiding hand cutting or mowing. Taller 
standing dead brush can become a source of complaints, and taller brush can be 
difficult to control with foliar applications without risking exposure to off-target 
plants. Herbicide treatment of brush while the height and density is low is the most 
efficient and cost effective method of control to help reduce/eliminate future tree 
workload on the easements.

Herbicide Use
The use of herbicides is essential if HELCO is to maximize the benefits of its 
distribution tree and brush removal programs. Herbicide use is an important 
component of an IVM strategy. While included in the HELCO policy/specification 
document, in practice, herbicides are not used on a consistent basis at HELCO on the 
distribution system.

The effectiveness of selective herbicide applications has been well documented 
through long-term studies on utility rights-of-way in the central and northeastern 
United States. Results firom treatment simulation models developed through these 
studies project that sites dominated by deciduous species would nearly double in stem 
density by the end of two cycles if simply cut without a follow-up herbicide 
application (Figure 4-2). These same sites would be expected to exhibit about a 50 
percent reduction in stem density over the same time period if treated with a selective 
herbieide applieation. HELCO has approximately 1,000 acres of brush on the 
distribution system. Note that average brush stem density on the HELCO distribution 
system is around 6,200 per acre (20 percent heavy density of > 10,000 stems per acre, 
39 percent medium density of 10,000 stems per acre, 23 percent low density at 5,000 
stems per acre and 17 percent sparse density of 1,000 stems per acre), with the 
potential to drop to under 1,000 stems per acre over one or two cycles.
An important consideration is that use of herbicides must be environmentally safe 
and professionally applied and supervised to maintain public acceptance. Line 
clearance crews performing herbicide applications should receive proper training in 
species identification and herbicide application methods. The system forester (a 
licensed pesticide applicator in the state of Hawaii) should be responsible for the 
implementation of a comprehensive herbicide use policy and for selecting approved 
herbicides. Professional supervision by the line clearance contractor’s foreman is 
essential to ensure safe, effective application on appropriate species and sites. 
Herbicide application contractors are currently required to be licensed by the state of
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Hawaii and retain liability insurance associated with herbicide application. HELCO 
must require contractors to demonstrate compliance with regulatory rules and 
frequently inspect operations to assure that contractors are operating safely and 
professionally.
At a minimum, the herbicide program should be the treatment of stumps, whenever 
possible, with an appropriate registered herbicide following removal of deciduous 
trees and brush. Selective herbicide applications (i.e., foliar and basal) for the 
management of communities of deciduous brush species should also be pursued 
wherever possible.
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Figure 4-2. Effectiveness of Herbicides for Control of Brush Over Time.

Herbicide Safety and Risk Assessments
Today's herbicides control resprouting by blocking chemicals needed by plants to 
convert water, sunlight and nutrients into food for growth. Since these same 
chemicals are not present in animals and humans, the herbicides are very low in 
toxicity to people or animals. Without any food, the treated weed trees on the ROW 
wither and decompose. Treated stumps dry out and don't re-sprout.
Herbicides commonly used for stump treatments are U.S. EPA-registered general use 
products that are commonly available at local garden centers and hardware stores. No 
special license is required to purchase these products. Prior to registration by the EPA 
for use, herbicides undergo rigorous testing to assure the public that proper use of 
these products will not result in adverse risk to human health, wildlife or the 
environment.
Registered herbicides are safe for humans and the environment and do not cause 
adverse effects that are unacceptable. In this context, risk assessment is the process 
by which the likelihood of unacceptable adverse effects from the use of various 
methods of vegetation management can be determined.
An extensive report prepared by ECI provided the technical basis for and a summary 
of the risk to human health, wildlife and the environment from the use of 10 
herbicides by a New York utility. These herbicide uses included broadcast foliar.
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• Tree Off-ROW (primary cause): All outages occurring as a result of trees 

located off-ROW and outside the normal clearance zone.

o Grow-In (secondary cause): All outages occurring as a result of tree limbs 
that have grown into or across conductors.

o Limb Failure (secondary cause): All outages occurring as a result of tree 
limbs or branches breaking, falling on distribution equipment.

o Trunk Failure (secondary cause): All outages occurring as a result of the 
breaking off of the main stem or trunk, falling on distribution equipment.

o Root Failure (secondary cause): Trees from on or off ROW that have up­
rooted and come in contact with the overhead electrical conductors.

• Private Company (primary cause): Interruptions caused by private tree
companies or customers during the process of trimming or removing trees 
near HELCO’s facilities.

• Storm or Severe Weather (primary cause): All outages occur during a severe 
weather event would fit into this category. Many utilities have adopted the 
IEEE 1366 standard for calculating storm exclusions.

In addition to accurate/enhanced cause code reporting on trouble tickets, many 
utilities routinely require further detailed tree interruption information following tree- 
related interruptions. HELCO currently conducts post-outage investigations on an 
informal basis where more than 500 customers have been impacted by vegetation.
Vegetation interruption investigations collect such attributes as tree species, tree or 
limb distance from the conductor, tree height and diameter, length of limb that failed 
(if applicable), voltage and number of conductors as well as observations on the 
condition of the tree (internal decay, up-rooted, broken limb vs. broken trunk, growth 
caused interruption vs. broken limb or up-rooted tree). These are critical factors in 
determining the effectiveness of a vegetation maintenance program and they provide 
key information to the vegetation manager that can be used for strategic planning.
Further, ECI suggests the following related to outage reporting:

• Continue and expand the process of outage investigation by a qualified utility 
arborist. This will serve a two-fold purpose. First, it will help ensure the 
accuracy of cause code reporting, making the data more useful and reliable.
Second, it will facilitate the collection of information regarding which tree 
conditions lead to service interruptions. This will enable the development of 
processes targeting trees with the highest risk of failure. Appendix G provides 
an example of data that is collected by another utility. Only a limited sample 
of outages caused by trees need be investigated to provide these benefits.

• Continue to capture and report tree-related outage data by important risk 
factors such as voltage and number of phases present. Ensure consistency in 
recording the data.

• Vegetation related outages must be attributed to the voltage/location where 
the outage occurred. Tree-caused interruptions on the transmission system 
should be associated with the transmission system.
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4.2.7 Reactive Maintenance

Overall reactive maintenance appears to be well managed on the HELCO system. 
This work is necessary to assist customers with safe removal of trees within 10 feet of 
conductors, and some is directly related to tree maintenance necessary to avoid 
imminent outages. However, crews are also assigned to prune trees to eliminate 
incidental contact with primary conductors. This "hot spot" pruning does not 
normally provide improvements in reliability. HELCO has been successful at 
reducing expenditures related to responding to non-critical customer requests and 
reaction to individual trees making incidental contact with conductors. HELCO 
utilizes a modified “just-in-time” scheduling model for their preventative 
maintenance work. While this may seem to be reactive in nature, it is well planned by 
quarter and is based on last maintenance records, reliability data and customer calls 
regarding tree and wire conflicts. Currently the contractor supervisor and sometimes 
the system forester pre-screen all customer requests prior to dispatching a contract 
line clearance crew.

4.2.8 Reliability Enhancement

HELCO has periodically applied enhanced line maintenance targeting a specific 
problem/location on the system. The approach has been holistic in that reliability 
engineering, system engineering and the system forester work together to devise 
solutions for problematic portions of circuits or entire circuits. This has been effective 
in resolving reliability issues on circuits with extremely poor reliability performance. 
While this process can eliminate or fix isolated vegetation related reliability issues, it 
has not drastically improved overall system reliability.

ECI suggests that HELCO continue with a limited reliability enhancement program 
adhering to the following process steps:

1.

2.

3.

4.

5.

Review worst performing circuits due to vegetation (i.e. top 5 to 10 
percent).
Determine the type of vegetation outages causing the outages (growth, 
broken overhanging limbs, major trunk failures, up-rooted trees, broken 
major limbs or leads). Select the circuits after a thorough review of 
comments on the outage reports to determine the nature of the vegetation 
outage.
Conduct a circuit inspection (multi-phase only) on the worst performing 
circuits to identify hazard trees (highly likely to fail due to disease, decay, 
structural defects, lean, etc.), overhang on week-wooded species and 
Albizia as well as the re-growth conditions (amount of clearance to 
conductors).
After investigation of the vegetation outage types and field survey/work 
plan, schedule to trim or remove the troublesome trees in specific targeted 
areas on the poorest performing circuits (multi-phase only). This should 
include clearing around /near all equipment such as poles, transformers, 
switch-gear, capacitors, etc.
Pruning the entire circuit is not necessary on a reliability enhancement 
program. If the majority of the circuit/single-phase taps have vegetation
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issues, move the entire circuit up on the cycle schedule and perform 
maintenance on the entire circuit.

6. If vegetation issues are found on the fused taps, the entire tap should be 
scheduled for pruning.

7. If the circuit is scheduled for the current quarter (or within the same 
calendar year), consider moving it up in the schedule and prune as a part 
of the current year’s program rather than a reliability enhancement 
location.

8. Consider enhanced fusing or other engineering considerations to better 
isolate portions of poor performing circuits or where there are specific 
vegetation issues.

4.2.9 Conclusions about Work Practices

Recommendations relative to the work practices can be summarized as follows:

• HELCO should improve tree maintenance specifications by referencing ANSI 
A3 00 standards and specifications for low-volume foliar herbicide 
applications.

• Implement enhanced clearance for fast-growing species on the HELCO, such 
as Albizia. Continue to remove trees in the cost effective 4 to 12 inch 
diameter class to the full width of the ROW.

• Implement a limited program for the removal of overhanging tree limbs based 
on the currently known problematic areas, weak-wood species and Albizia. 
This effort should be focused on the three-phase portions of circuits first.

• Treat stumps of all deciduous trees and brush as a routine part of the tree 
removal and brush cutting operation on the distribution system.

• Begin to manage the distribution system using IVM principles. Including 
herbicides as a tool in the management of the ROW, both stump treatment 
and low-volume foliar applications. This will reduce the stem count/brush 
density per acre over time, thus, reducing maintenance cost.

• Begin to evaluate tree-related interruptions (post-outage autopsies) to increase 
HELCO's understanding of the specific conditions that are most common 
among trees that fail and cause outages.

• Increase the amount of ‘Reliability Enhancement” as this targeted program 
provides a fast/cost effective method to improve system reliability related to 
vegetation. This should be a part of a system-wide Reliability Centered 
Maintenance (RCM) program (see Appendix C).

• Adjust the maintenance cycle according the geographic regions of the Big 
Island which are related to vegetation species and associated growth rate.

• Introduce a systematic program to address hazard trees on the system.

• Focused effort on three-phase portions of circuits with high customer load to 
maximize the reliability for the vegetation maintenance dollar spent.
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In addition, the Assistant Foresters should coordinate all programs that provide 
ongoing information on field conditions, including tree crew production records 
(trees pruned, removals, herbicide use, and brush treatment), and electric service 
interruption data. These individuals should be responsible for evaluating this 
information as a basis for program planning, budget forecasting, and ongoing work 
coordination within each region. The Assistant Foresters must also provide the 
technical instruction, expertise, and assistance required by the line clearance program.
These individuals would assist the System Forester with: work planning; post-work 
auditing; responsible for field implementation of HEFCO’s line clearance program 
and the evaluation of line clearance crews and contractors for both distribution and 
transmission; interface with customers and municipalities; and conduct post-outage 
autopsies. This position will assist in ensuring contractor compliance to ANSI A-300 
standards and that crews are properly instructed on the correct and safe use of 
herbicides. The position will audit contractor work to ensure that clearance 
requirements are met. The position must also provide technical instruction, expertise, 
and assistance to all HEFCO regional personnel involved with the line clearance 
program and act as a liaison between the operating Managers and the System 
Forester.
Both the System and Assistant System Foresters will coordinate the planning and 
execution of all HEFCO vegetation management activities on the distribution and 
transmission systems. This includes, pre-planning for work packets, post-outage 
investigations, customer refusal follow-up (referred from the contractor), quality 
control on contractor work to ensure adherence to clearance specifications, work 
quality, monitor contractor productivity and prepare monthly summaries for senior 
HEFCO management. These system summaries should include: production against 
goals, contractor productivity, budget status, tracking of customer complaints, 
tracking and work-down of customer refusals and other duties as assigned by 
HEFCO senior management.
The Assistant Foresters will aid in promoting the image of HEFCO as a good public 
service utility. Involvement in local community organizations will exemplify 
HEFCO’s public interest and civic commitment. Participation in trade associations 
and organizations involved in vegetation control activities should be encouraged.
This will enable the Assistant Foresters to keep abreast of research and development 
in the industry, while exchanging information with other utility professionals. The 
goal should be to remain informed on current topics in the industry and incorporate 
appropriate technological advances into the program. These individuals should act as 
liaisons with local and municipal officials and university, college, and extension 
personnel. Consequently, these Assistant Foresters must have public relations skills 
in order to gain acceptance within and outside the company.
The Assistant Foresters should have a minimum of three years of experience in utility 
vegetation management and, preferably, a Bachelor’s Degree in Forestry or a related 
field. International Society of Arboriculture (ISA) certification is also recommended 
for these individuals. Sufficient technical expertise is critical if these individuals are 
going to effectively evaluate and manage line clearance activities in their area of 
responsibility.
The foresters/auditors should be trained in all aspects of utility vegetation 
management, including proper pruning techniques and herbicide use. These 
foresters/auditors should have a minimum of 2 years of experience in utility 
vegetation management, ISA certification and, preferably, a Bachelor’s Degree in



HELCO-813 
DOCKET NO. 2015-0170 

Page 71 of 131
Forestry or a related field. This will help to ensure consistent implementation of 
program policies and will enable the Assistant Foresters and System Forester to 
effectively evaluate the work being completed by the line clearance crews. These 
individuals could be provided by a utility service provider or hired by HEFCO.

4.3.3 Work Planning and Customer Notification

HEFCO currently does not notify customers prior to line clearance pruning work. 
Written permission is required for the removal of trees and/or brush on the easement. 
Selection of work to be done is at the discretion of the tree crew, based on general 
instructions provided by HEFCO Specifications. The contractor General Foreman is 
responsible for resolving complaints/refusal regarding the work. Issues the General 
Foreman is not able to resolve are referred to the HEFCO system forester.

Professional management and a coordinated approach to the public help to ensure the 
success of the line clearance program. HEFCO should continue to convey to the 
public that the utility has a responsibility to maintain vegetation that can have an 
impact on the safety and reliability of the electrical system in a cost effective manner. 
HEFCO’s maintenance program and practices should reflect this attitude.
Clearance issues related to tree growth and overhang, together with high interruption 
rates, suggest that a change in practice and funding is required to reduce the number 
of trees and limbs in close proximity to lines that are capable of initiating outages. 
Current clearances at the time of pruning are good; however, HEFCO should be 
aware that drastic visual changes resulting from trees that receive “enhanced” 
clearance (up to 30 feet) can look extreme to many customers. Any areas where a 
significant change is traditional clearances will occur requires additional 
communication with property owners to avoid adversarial customer relations. 
Additionally, opportunities to reduce future workload through the use of herbicides 
applied to cut stumps or foliar applications will require more property owner 
notifications to ensure success without causing major issues. Many utilities achieve 
this permission for herbicide use as part of a process whereby the property owner 
signs a small form authorizing removal of specified trees, along with treatment of the 
stump with a registered herbicide to prevent re-sprouting.

As the HEFCO budget for vegetation management is increased, the addition of an 
assistant system forester (or contract forester) will be required to assist in work 
planning, post-work auditing and to resolve customer refusals/complaints.

Additional Programs
Efforts to improve the line clearance program can be further enhanced by effective 
public relations programs. The public should continuously be informed of HEFCO’s 
responsibility for keeping its lines clear and in a safe condition.
An effective public relations program should include the distribution of materials that 
guide the public in the selection of tree species that are compatible for planting 
around electric lines.
Other information brochures include a discussion on the policies and procedures of 
the line clearance program and information about special programs such as a tree 
replacement programs, etc.
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Additional programs that have been successful at other utilities and which HELCO 
may consider include the following:

• Involvement in public and civic organizations by the system forester to reflect 
HELCO’s concern for the communities it serves.

• Affiliation with area universities extension personnel to enhance HELCO’s 
public relations efforts with respect to proper pruning techniques and 
herbicide use.

• Inclusion of pamphlets with customer’s bill describing the benefits and 
availability of wood chips and how/where to obtain them.

• Sponsorship of local tree planting efforts on earth Day, Arbor Day or other 
similar environmental awareness occasions.

4.3.4 Conclusions about Management and Organization

Recommendations relative to the program management and supervision can be 
summarized as follows:

• HELCO should continue with the services of a full-time qualified System 
Forester as well as the addition of two Assistant System Arborist as crew 
staffing levels increase.

• The vegetation management staff should have HELCO clerical assistance 
available to secure data from contractors in a timely manner, entering 
appropriate data, and assist in the creation of vegetation management reports. 
The professional forestry staff belongs in the field planning for future work 
and managing the current workload. It is not cost effective or efficient to use 
forestry staff in a clerical role. A cost effective alternative to adding clerical 
staff would be to adopt a system (appropriate hardware and software) that 
relieves the forestry staff from the manual process of data entry and report 
creation (refer to System forester duties in Section 3).

• Continue the practice of one full-time contractor general foreman for each 
contractor on the system, with up to 10 hourly crews per supervisor. Until 
additional HELCO forestry staff is added, delegate specific tasks/duties to 
these individuals to assist the HELCO staff in the overall management of the 
program.

• HELCO should consider increase the level of communication with customers 
in the areas where heavy pruning/tree removal is required prior to undertaking 
enhanced vegetation maintenance work or when clearance standards are 
significantly increased. This increased level of communication and face-to- 
face customer interaction should improve customer acceptance of greater 
clearance, especially in areas where reliability enhancement clearing is 
implemented.

• HELCO should institute a formal tracking procedure/process to capture 
customer refusals or locations where specified clearance cannot be achieved. 
This can be as simple as an Excel spreadsheet that is updated along with 
monthly reports regarding the current status of the refusal/inadequate trim 
locations.



HELCO-813 
DOCKET NO. 2015-0170 

Page 73 of 131

4.4 Contracting for Line Clearance

Three different approaches are commonly used by elechic utilities to contract line 
clearance work. These include "time and materiaEequipment" (T&M), "unit price" 
and "firm price" or "lump sum" pricing strategies, and are more fully described in 
Appendix D. Each has advantages and disadvantages that are important to 
understand, and there are multiple variations possible within each pricing family. 
Each carries a different risk profile for the contractor and the utility. Unit price and 
firm price contacts are inherently performance-based contracts. However, T&M with 
incentive pricing can also be a performance-based contracting strategy.

HELCO currently performs a thorough review and inventory of the vegetation 
workload which includes specific trimming requirements, designating trees for 
overhang removal, designating hazard trees for removal. These circuits would be 
excellent candidates for lump sum/ firm priced bidding. ECI recommends that 
HELCO utilize performance-based strategies as their primary contract methodology 
along with a combination of unit price and lump-sum work. This would not be a large 
departure from the current methodology and there is a good history of unit cost and 
production cost to establish baseline pricing. This will potentially provide an 
incentive for the contractors to become more efficient, especially if they get to share 
in that increased savings to HELCO.

Well-documented inspection of completed work and establishment of clear standards 
are critical to achieving value from firm price contracts. Where clearance 
requirements may be variable due to customer concerns or the scope of the work is 
not clearly defined (as with ticket work), T&M normally can provide better value. 
Some utilities clearly define the project scope prior to firm price bidding through 
development of detailed work plans. Pre-planning to define clearances, clearance 
exceptions, and removals has proven to be a very effective strategy in receiving cost 
competitive bids. Contractors provide pricing on the defined work scope that the 
utility has per-designated, thus eliminating guess work on the part of the contractor 
and eliminating the “contingency” cost that contractors build into bids. However, this 
does require some additional effort on the part of HELCO to have personnel available 
and knowledgeable to perform the pre-work planning as well as post work 
acceptance.

4.5 Record Keeping

A comprehensive recordkeeping and reporting systems are an essential component of 
an effective line clearance program. Record keeping systems should be capable of 
providing management with the following information:

• Data for use in making sound vegetation management program decisions.
• Providing accurate annual program cost
• Building circuit workload history to better predict budget requirements in the 

fixture.
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• Determination of the most cost effective crew type for various locations and 

worktjpes.
• Tying tree-caused outages at the circuit level to circuit VM history.
• Detailed monitoring of crew productivity.
• Establishing tracking process for customer refusals and hazard trees.

A comprehensive line clearance record keeping system depends on recording four 
components of all field activities: work location, description of work completed and 
time required to complete the activity and any required materials. Time report 
verification, evaluation of crew productivity and accumulation of cost and production 
data all depend on these elements of activity reporting.

Recording crew time by specific work units and work related activities will provide 
the means to (1) examine detailed costs, (2) evaluate productivity, and (3) initiate 
appropriate changes to maximize the efficiency of the program. All record keeping 
needs to be adjusted to conform to the t}pe of contract in place and the desired 
system metrics HELCO desires.

Another system should be developed to track customer refusals and areas with 
inadequate clearance. A system of this nature will assist HELCO forestry staff in 
tracking these outlying issues to completion.

HELCO’s current metrics regarding the line clearance program does not provided 
adequate information necessary to most effectively and efficiently manage the 
program. Data is collected from contractor invoices regarding total cost and number 
of units completed. This is then transferred to a HELCO Vegetation Report for each 
project or PO by the system forester. The data does not include information regarding 
number of units (spans) maintained, labor and associated equipment hours, miles 
covered and work is not tied back to the circuit. Work is categorized as scheduled, 
unscheduled, construction work order, storm, and customer request. No unit data (# 
of trees, man-hour peer tree, etc.) is captured to provide production metrics around 
these categories. The only information currently captured describes the type of 
clearing: trimming; tree removal by diameter class; overhang removal. Additional 
details about contractor production would allow movement toward a performance- 
based component within a T&M contract, or become a basis for a unit cost removal 
component of firm priced contracts. At a minimum, more detailed production data 
would provide an accurate assessment of production cost for various work-types for 
both internal and external comparisons.

Both record keeping software and record keeping services are available to provide 
streamlined invoice verification, cost tracking by asset and work t}pe, metrics for 
process improvement and documentation of work accomplishment. Currently data 
from the HELCO data sheet is entered into Excel spreadsheets manually by the 
system forester. Data collection requires three manual steps, tree crew to time sheet;
Contractor’s office staff transcribes data to PO invoice and finally information 
manually input into a spreadsheet by the system arborist.
Both record keeping software and record keeping services are available to provide 
streamlined invoice verification and documentation of work accomplishments.
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• Planned Maintenance: 2-vear olanned maintenance circuit 
cycle for both single and multi-phase lines.

• Incorporate mid-cycle pruning on fast-growing tree 
species. Budget separately.

• Add a dedicated crew for brush removal on multi-phase 
and single-phase and herbicide application. Budget 
separately from planned maintenance work.

Option IV:

2-Year Cycle + 
Mid-Cycle +
Only Overhang
0-12 Feet Above 
Conductor

• Removal of overhang that is only 0 to 12 feet above 
conductor.

• Removal tall-growing tree species on ROW under 
conductors (currently majority is being top-pruned).

• Unscheduled Reactive Work: Reactive work should be 
minimized with the use of schedule mid-cycle inspection 
and trimming. Limit customer tickets, restoration support, 
and operation hot-spot requests to no more than$500,000. 
Budget separately.

• Staffinp: Add 5 Assistant Svstem Foresters to assist with 
program implementation, scheduling, inspection, and work 
planning.

• Trimming Crews: 30 crews would be needed to perform 
planned maintenance work.
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Option V:

District / Sub- 
District Plan

ECI Preferred 
Option

Planned Maintenance: Schedule pruning using outage 
data, tree density, regrowth rates.

o North: 2-year cycle 
o West: 2-year cycle 
o East: 18-month cycle 
o East X: 1 -year cycle
o System Wide Albizia: 1/3 of the system per year 

for 3 years.
■ Removal all Albizia on multi-phase 

circuits up to 100 feet off ROW.

• Removal of all Albizia overhang on multi-phase lines 
and only Albizia that is 0 to 12 feet above conductor on 
single-phase lines.

• Add a dedicated crew for brush removal on multi-phase 
and single-phase and herbicide application. Budget 
separately from planned maintenance work.

• Removal of tall-growing tree species on under multi­
phase lines (currently majority is being top-pruned).

• Targeted removal of 4 to 12 inch diameter tall-growing 
tree species on ROW under single-phase lines.

Unscheduled Reactive Work: Reactive work should be 
minimized with the use of schedule mid-cycle inspection 
and trimming. Limit customer tickets, restoration support, 
and operation hot-spot requests to no more than $500,000. 
Budget separately.

Staffing: Add 2 Assistant System Foresters to assist with 
program implementation, scheduling, inspection, and work 
planning.

Trimming Crews: 26 crews would be needed to perform 
planned maintenance work.
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• Planned Maintenance: Schedule Drunina usina outaae 
data, tree density, regrowth rates.

o System Wide Albizia: 1/3 of the system per year 
for 3 years.

■ Removal all Albizia on multi-phase 
circuits up to 100 feet off ROW.

• Removal of all Albizia overhang on multi-phase lines 
and only Albizia that is 0 to 12 feet above conductor on 
single-phase lines.

Option VII:
HELCO

• Add a dedicated crew for brush removal on multi-phase 
and single-phase and herbicide application. Budget 
separately from planned maintenance work.

Current HELCO
Maintenance
Budget Modified

• Removal of tall-growing tree species under multi-phase 
lines (currently majority is being top-pruned).

• Only removal of tall-growing tree species on ROW 
under single-phase lines and is between the DBH size 
class of 4 inches and 12 inches.

• Unscheduled Reactive Work: Reactive work should be 
minimized with the use of schedule mid-cycle inspection 
and trimming. Limit customer tickets, restoration support, 
and operation hot-spot requests to no more than $500,000. 
Budget separately.

• Staffing: Add 2 Assistant Svstem Foresters to assist with 
program implementation, scheduling, inspection, and work 
planning.

• Trimming Crews: 16 crews would be needed to perform 
planned maintenance work.

4.6.2 Reliability and Tree-Line Contact Impacts

An analysis of HELCO tree-caused interruption data determined that there is little 
correlation between tree-related interruptions and years since last maintenance. 
HELCO has not been engaged in the current program long enough to draw any 
conclusions. Also, HELCO tree-caused interruption data does not clearly define or 
segregate outages by cause type (growth, broken limb, broken trunk, up-rooted tree) 
therefore, a clear relationship between growth-cause outages and cycle length cannot 
be made. However, based on ECI’s workload survey and system growth-rate 
analysis, the percentage of trees by proximity to the conductors is available. Table 4- 
3. It should be noted that 16 percent of the total population on the HELCO system are 
within four feet of the conductors.
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Table 4-3. Tree Population Clearance to Conductor.

Clearance 0-lft 2-4ft 5-7ft 8-lOft ll-15ft >15ft TOTAL
Percent 3% 13% 28% 29% 19% 9% 100%

Figure 4-4 provides an estimated tree contact exposure each year after initial pruning 
(year 0). It is useful in understanding how the selected trim cycle and species growth 
rates will affect the vegetation workload on the HELCO system. This is based on the 
current HELCO clearance specification for side trimming of 12 feet.
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Figure 4-4. Projected Tree Contact by year since pruning with 12 foot clearance.

Per Figure 4-5: 0.5-year cycle = 6 percent contact; 1-year cycle = 33 percent contact; 
1.5-year cycle = 39 percent contact; 2-year cycle = 43 percent contact; 2.5-year cycle 
= 47 percent contact; 3.0-year cycle = 48 percent contact; 3.5-year cycle = 51 percent 
contact; and a 4.0-year cycle= 52 percent vegetation contact. This is based on growth 
rate data by predominant species collected by ECI during a previous Vegetation 
Workload Study for Hawaiian Electric Company and ran through Ed’s Growth 
Simulator Model. This provides a strong case for increased side clearance and the 
importance of a mid-cycle program.

As shown in the analysis of tree growth data in Figure 4-5, tree contact as a result of 
cycle length increases with years since last maintenance. This information in 
combination with growth data and proximity data for HELCO provides some of the 
basis for use in formulating cycle recommendations.
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program removes all Albizia up to 100- feet off the ROW. This reeommendation also 
includes the removal of all brush on the easement as well as taller trees. The pruning 
cycle in the East, West and North regions are established based on species present 
and regrowth rates in those regions. Scheduling needs are to be determined using a 
combination of reliability data, last maintenance date, tree density and growth rates.
This requires somewhat more work to achieve (more field assessment required) 
however, this will target areas needing maintenance on a “worst first” basis and 
ensures the effective utilization of the maintenance budget. The cost projections were 
made for the various options based on HELCO crew production and cost. ECI’s 
recommendations are based on the HELCO system data analyzed and our vegetation 
management experience in conduction over 170 similar utility studies.

WEST

NORTH
EAST

EASTX

Figure 4-6. Vegetation Management Regions HELCO

4.6.3 Program Cycle Options 

Cost and Benefits of Cycle Option

On the basis of the vegetation workload survey, growth study and measure of 
HELCO production cost using ECI’s TRES program, proposed program cycle and 
funding, numerous program alternatives were reviewed by ECI. Table 4-3 provides 
the projected vegetation maintenance program costs for six program options. These 
options were selected based on the fastest methods to improve system reliability. 
There are many other options and combinations that can be utilized to improve 
system reliability but maintain vegetation budget at a more moderate level of 
increase. ECI estimates fiiat a budget of approximate $6M would be the minimum 
budget required to achieve improvement in overall system reliability.
It should be noted that the term "cycle" is a planning term reflecting the average 
firequency circuits must be trimmed. Specific conditions will necessitate circuit-
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specific variance around this average cycle length. Reliability metrics and field 
observations should be used to modify the preventive maintenance strategy in order 
to complete highest risk circuits first during a scheduling quarter or year, or push 
individual circuits forward or backward by one year. Outage restoration is a 
significant cost for HELCO and reductions in tree-caused interruptions will result in a 
reduction in these restoration costs.
Without accurate reliability (outage) data it is more difficult to quantify from a Cl 
improvement standpoint which option is best. However, with that said, Ed’s 
preference is Option V. This option deals with Albizia, overhang, tree removal and is 
based on a Regional approach which provides easier implementation with limited 
staff. The initial reclamation cycle cost is also more realistic as compared to options 
I-IV. Options I - IV however, will result in improved system reliability in a shorter 
time frame.
Table 4-6 provides program cost projections for ECI’s preferred Option V. This 
covers a five-year period and reflects the change in annual vegetation maintenance 
cost as the system workload is decreased due to overhang removal, tree removal and 
the consistent use of herbicides on brush on the stumps of all removed trees.
Table 4-7 provides program cost projections for ECI’s Option VII. The assumption 
with this option is that HELCO will continue the current vegetation management 
strategy but will include some recommended modifications. The modifications are:

• Limiting reactive work to only $500,000,

• Include an Albizia removal cost,

• Establish a herbicide and brush control program,

• Adding two Assistant System Forester to help manage the modified 
vegetation management program.

This option does not provide for full circuit VM on a cyclic basis. By including these 
modifications into the current program, service reliability and efficiency of the 
vegetation management program should improve on HELCO’s distribution system.
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Table 4-7. ECI’s Option 7 Annual Maintenance Budget Requirements.

Option 7 - Option 7 - Option 7 - Option 7 - Option 7 -
Yearl Yearl Year 3 Year 4 Year 5

HELCO’s HELCO’s HELCO’s HELCO’s HELCO’s
Current Budget 
Modified (incL 

Albizia removal

Current Budget 
Modified (incL 

Albizia removal

Current Budget 
Modified (incL 

Albizia removal

Current Budget 
Modified (inch 

Albizia removal

Current Budget 
Modified (incL 

Albizia removal
& HerbJBrush & Herb./Brush & HerbJBrush & HerbjBrush & Herb./Brush

Control Control Control Control Control
VM Activity Program) Program) Program) Program) Program)

Planned 
Maintenance Total: $4,128,000 $3,744,000 $2,786,000 $2,381,000 $2,381,000

Circuit Maintenance: $2,073,000 $2,073,000 $2,073,000 $2,073,000 $2,073,000
Albizia OH 35+ $485,000 $241,000 $0 $0 $0

Albizia Trim $415,000 $275,000 Combined w/ Combined w/ Combined w/

Albizia Removal on $405,000 $405,000
District Budget 

$405,000
District Budget 

$0
District Budget 

$0
Multi-Phase:

Herbicide & Brush $750,000 $750,000 $308,000 $308,000 $308,000
Control Program:

Reactive 
Maintenance Total: $500,000 $500,000 $500,000 $500,000 $500,000

TOTAL VM 
PROGRAM: $4,628,000 $4,244,000 $3,286,000 $2,881,000 $2,881,000

Difference from 
2012 Budget:

+$2,055,000 +$1,671,000 +$713,000 +$308,000 +$308,000

Contract Resource
Requirements:

3 Man Lift /Manual: 16 15 11 10 10

Estimated Cl Improvement for Cycle Options
Table 4-8 is based on regional growth rate data by predominant species collected by 
ECI on a similar study performed on HECO and supplemented with species specific 
growth rate research. This data was run through ECEs Growth Simulator Model. This 
data provides a strong case for removal of the fastest growing tree species (Albizia).

As shown in the analysis of tree growth data in Table 4-6, tree contact as a result of 
cycle length increases with months since last maintenance and clearance at the time 
of pruning. This information in combination with growth data and proximity data for 
HELCO provides some of the basis for use in formulating cycle recommendations. 
Note that the current 12 feet clearance standard will provide just over six percent 
system-wide contact after six months. If HELCO is able to achieve greater clearance 
on the fast growing species on certain circuits, those circuits can be maintained on 
cycles longer for the second and subsequent cycles other than six months reflected in 
Ed’s reeommended eycle option.
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Table 4-8. HELCO Projected Tree Contact by cycle length.®

Minimum
Pruning

Clearance
6

Month
12

Months
18

Months
24

Months
30

Months
36

Months

1 ft 100% 100% 100% 100% 100% 100%

2 ft 66% 70% 73% 75% 78% 81%

3 ft 54% 59% 63% 65% 66% 67%

4 ft 48% 53% 56% 59% 62% 63%

5 ft 41% 45% 49% 52% 56% 58%

6 ft 34% 40% 44% 47% 50% 53%

7 ft 26% 35% 39% 42% 45% 48%

8 ft 19% 30% 35% 39% 42% 44%

9 ft 13% 26% 32% 36% 39% 41%

10 ft 9% 23% 29% 33% 36% 38%

11 ft 7% 21% 27% 31% 35% 37%

12 ft 0 19% 26% 30% 33% 36%

13 ft 4% 17% 24% 28% 32% 34%

14 ft 4% 15% 22% 27% 30% 33%

15 ft 4% 14% 20% 25% 29% 31%

Observations made by ECI on other utility systems support the premise that eontact 
between trees and distribution conductors only rarely, and under certain 
circumstances, results in outage events. In order to achieve significant reductions in 
total tree-caused outages both growth and tree failure causes must be addressed. 
HELCO’s reported tree caused interruption rate per 1,000 trees in Section 3 was 1.01. 
A reasonable goal for HELCO is to reduce interruption per 1,000 trees by eight 
percent (from 1.01 to .7 interruptions per 1,000 trees) at the end of the first cycle and 
potentially achieving even greater reduction of interruptions per 1,000 trees by the 
end of the second and subsequent cycles.

ECI’s projections for reliability improvement for Option 5 are based on achieving 
this target (Table 4-9). Figure 4-7 shows the cumulative Cl avoided for the various 
cycle options.

^ Table 4-8: Reflects current HELCO clearance specification of 12-feet. The table reflects AVERAGE tree 
contact across the entire system, not for a specific circuit, based on the combined top and side growth for 
ALL species.
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Side-
trim
32%

Figure 5-1. Vegetation Characteristics as a Percent 
ofTotalTree Population.

NOTE:
Of all trims 22% are considered hazard trees(2.3%) 
Of all trims: 15% have major over-hanging limbs

Climbing
^3%Mixed

6%_

Bucket 
91% >

Figure 5-2. System Accessibility for Vegetation 
Maintenance.
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2-phase

Figure 5-3.HELCO System Vegetation Workload by 
by Construction Type.

Figure 5-4.HELCO Distribution System by Construction Type.

0-1 FT
2-4 FT

11-15

Figure 5-4.Percent of Total Tree Population by Clearance to Conductors.
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Total trees: 306,000 
Mile: 95

Table 5.1 ECl Survey Results: 
Total OH Miles: 3,212 Average Trees per 

Brush Acres: 1,010 acres total or an average of .31 acres per mile.

3-Phase2-Phase1-Phase System Total
Trees 137,161 56,753 112,335

J Trims 113,633 45,758 85J72

Top Trims 50,190 19,774 29,541
H Side Trim On Corridor 10,162 5,702 16,443

Side Trim Off Corridor 29,301 14,001 22,399
^ Removals 23,528 10,995 26,563

Removal 4-8” 19,562 8,920 21,835

Removal 8-12” 3,514 1,482 " 3,881

Removal 12-24” 282 579 776

Removal 24”+ 169 14 71

Through the Line 494 917 1,538
^ Overhangs^ 23,980 ^^^6,281 17,389

OH Trim 0-12’ 2,809 734 3,656
^ OH Trim 12-35’ 6,507 6,337

OH Trim 35’+ 14,665 3,077 7,396
^^azard Trees 522 198 1,214

306,249

245,163

99,505
■32,307

65,701
61,086

50,317

8,878

1.637
254

2,950
17,649

7,198
15,314

25,137
1.9^

^Overhang occurs on 15% of the total tree population.
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Table 5-2Breakdown of HELCO Distribution System Indicating Spans with No Vegetation

WorkRequired.

HELCO % With 
Work

% Without 
Work

System 70% 30%

System Level by Construction
Type

3-Phase 65% 35%

2-Phase 65% 35%

1-Phase 81% 19%

At the Regional Level^

East-X 93% 7%

East 54% 46%

North-Y 76% 24%

North 54% 46%

West 81% 19%

^ East X -Puna District; East - Hilo area; North Y- Eucalyptus plantations along the eastern costal 
region; North - Waimea area; West - Kona Region.
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Appendix B - HELCO Growth
Simulator Model
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Table B.1 - Average Growth of Major Species on the 

HELCO Distribution System

Inches of Growth By Age of Sprout

Species
Pruning

Type
1 Yr. 2 Yrs. 3 Yrs. 4 Yrs. 5 Yrs. 6 Yrs.

Ironwood Side
Mean

48 91 130 163 192 201

Top
Mean

60 116 157 190 218 240

Cecropia Side
Mean

60 114 162 204 240 252

Top
Mean

75 144 196 237 272 301

Eucalyptus Side
Mean

72 137 194 245 288 302

Top
Mean

90 173 235 285 327 361

Ohi’a Lehu Side
Mean

3 6 8 10 12 13

Top
Mean

4 7 10 12 14 15

Albizia Side
Mean

78 148 211 265 312 328

Top
Mean

98 188 255 309 354 392

Palm species Side
Mean

12 23 32 41 48 50

Top
Mean

15 29 39 48 55 60

Avocado Side
Mean

66 125 178 224 264 277

Top
Mean

83 159 216 261 300 331

Christmas
Berry

Side
Mean

16 30 43 54 64 67

Top
Mean

20 38 52 63 73 80
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Table B.2 - Predicted Percent of Trees Capable of Conductor Contact

Predicted Contact By Cycle Length^ (Goal is 10% or less)

Minimum
Pruning

Ciearance
6

Month
12

Months
18

Months
24

Months
30

Months
36

Months

1 ft 100% 100% 100% 100% 100% 100%

2 ft 66% 70% 73% 75% 78% 81%

3 ft 54% 59% 63% 65% 66% 67%

4 ft 48% 53% 56% 59% 62% 63%

5 ft 41% 45% 49% 52% 56% 58%

6 ft 34% 40% 44% 47% 50% 53%

7 ft 26% 35% 39% 42% 45% 48%

8 ft 19% 30% 35% 39% 42% 44%

9 ft 13% 26% 32% 36% 39% 41%

10 ft 9% 23% 29% 33% 36% 38%

11 ft 7% 21% 27% 31% 35% 37%

12 fP I 19% 26% 30% 33% 36%

13 ft 4% 17% 24% 28% 32% 34%

14 ft 4% 15% 22% 27% 30% 33%

15 ft 4% 14% 20% 25% 29% 31%

^ Anything within 1 ft is considered in contact 
^ HELCO clearance specification is 12-foot
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Table B.3 - Predicted Percent of Trees Capable of Conductor Contact

Predicted Contact At Time of trimming' 
(Goai is 10% or iess)

Minimum
Tuning
earance

6
Month

12
Months

18
Months

24
Months

30
Months

36
Months

1 ft 100% 100% 100% 100% 100% 100%

2 ft 66% 73% 79% 84% 90% 91%

3 ft 54% 64% 69% 71% 72% 72%

4 ft 48% 57% 62% 70% 71% 71%

5 ft 41% 50% 57% 63% 68% 69%

6 ft 34% 46% 51% 59% 62% 64%

7 ft 26% 43% 48% 53% 58% 60%

8 ft 19% 41% 46% 49% 53% 54%

9 ft 13% 38% 44% 47% 51% 51%

10 ft 9% 36% 41% 45% 49% 49%

11 ft 7% 35% 40% 44% 48% 48%

12 ft'^ 6% 33% 39% 43% 47% 48%

13 ft 4% 30% 37% 42% 46% 47%

14 ft 4% 27% 35% 41% 45% 46%

15 ft 3% 25% 33% 40% 43% 45%

Anything within 1 ft is considered in contact 
HELCO clearance specification is 12-foot
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Prescriptive Reliability
$� �$�������	<� ��� ����0	�	���� �G�&����	�� �.�	��������

Traditional Vegetation Management Programs
It has long been recognized that trees pose a significant threat to the reliable operation of 
overhead electric distribution lines. It is estimated that the industry spends in excess of 
2 billion dollars annually maintaining vegetation growing in close association with 
conductors. Contemporary vegetation management programs emphasize the 
completion of preventive maintenance on a scheduled cycle in an effort to mitigate this 
threat. The focus of preventive maintenance work is to create and maintain clearance 
between conductors and trees. This is accomplished by establishing and applying 
uniform clearance specifications. Vegetation maintenance is t^^ically conducted as a 
discrete program, with an emphasis on achieving efficiency in completing line 
clearance work.

Application Of RCM To Distribution System Maintenance and Vegetation 
Management
Recent work in applying Reliability Centered Maintenance (RCM) to a traditional 
distribution vegetation management program has led ECI to the belief that there is a 
significant opportunity for improvement in reliability and cost efficiency. 
Development of a RCM-based approach to overhead distribution maintenance has 
led to the realization that while it has been useful to manage traditional preventive 
maintenance efforts as discrete programs for the efficiency’s sake, they need to be 
coordinated so that their composite effect is to optimize the performance of the 
system.
RCM focuses the allocation of available maintenance resources on the preservation 
of system function. The analysis process starts by identifying the important systems 
and the function to be preserved, which is reliable electric service. The process then 
moves to the identification of the important modes and causes of failure. With a 
clear understanding of the way interruptions occur, RCM uses a logical decision 
hierarchy to select preventive maintenance tasks that will be most effective in 
mitigating the identified risks to system function.

Understanding The Mode & Cause of Tree-Related System Failures 
There are two basic ways trees cause distribution system interruptions. Trees fail 
structurally and mechanically damage the overhead utility infrastructure 
(mechanical mode), or trees provide a fault current pathway between conductors and 
/or ground, resulting in a short circuit fault (electrical mode).
The mechanical mode of failure is intuitively obvious and is a major cause of 
interruptions. Recent research in the area of electrical mode of failure has led to new 
insight as to what kinds of tree contact pose the greatest threat to reliability. Most 
tree contact with conductors begins as a high-impedance, low-current fault. Only
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under certain conditions will this fault evolve from high to low impedance and result 
in high levels of fault current, operation of overcurrent equipment and, 
subsequently, an interruption.
Some important points emerge from an understanding of the mode and cause of 
tree-initiated interruptions. First, the majority of incidental tree contact with 
energized conductors is of relatively low risk to reliability. Secondly, the structural 
failure of trees and branches is typically a major cause of both mechanical and 
electrical failures on a distribution system. Finally, that the overcurrent protection 
system plays a major role in determining if and how a tree-initiated fault is 
manifested as an interruption.
It should also be understood that more work needs to be done regarding incidental 
tree contact with conductors in order to fully understand issues such as the risk to 
safety by touch potential, risk of initiating wildfires, the economic significance of 
line loss, and the potential for conductor damage.

The New Maintenance Paradigm - Prescriptive Reliability
Applying a RCM focus of preserving system function to distribution vegetation 
management leads to a new way of thinking about preventive maintenance.
Specifically the new approach places greater emphasis on assessing field conditions 
and determining the need for maintenance. Once the need is established, a specific 
reliability prescription is developed to effectively mitigate risk. The maintenance 
prescription is an integrated solution including both traditional elements and 
potentially non-traditional tasks as alternatives to tree pruning and removal.

This maintenance philosophy is consistent with an emerging industry business 
model that separates asset management and services responsibilities. By practicing 
prescriptive reliability, the asset represented as overhead distribution infrastructure 
is actively managed with a focus on preserving system function. This is achieved 
through an interactive process of resource allocation based on the effectiveness of 
results, which in this case is reliability. Individual maintenance services, such as the 
work done by tree crews, are managed for efficiency. This is typically accomplished 
through existing maintenance contractors. Rather than managing for efficient 
vegetation work (the service provider’s focus) through a prescriptive reliability 
approach, the maintenance program is managed for optimal reliability by those 
assigned the responsibility for management of the asset. This avoids the potential 
for the maintenance program to become focused on the work of maintenance rather 
than the reason for maintenance.

Changes in the traditional approach to vegetation management. It’s not about 
trimming more trees!
As has been discussed, the traditional cyclical approach to consistent scheduling and 
completion of preventive maintenance work is a management convenience. 
However, this philosophy often leads to less than optimal results. The reality is that 
various elements of the distribution system are not alike in terms of infrastructure.
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site, and the risk to reliability and consequence of failure. An emphasis on the 
performance of specific preventative maintenance based on condition assessment is 
a more intensive form of program management. However, this approach is 
justifiable given the opportunity for improvements in the effectiveness of resource 
allocation and reliability.

The second major change to the traditional vegetation management approach is 
driven by the knowledge that the greatest risk to reliability is caused by the structural 
failure of trees. This risk can be due to whole tree failure, branch failure within the 
tree’s crown, and the deflection of branches. Loss of tree-conductor clearance is of 
lesser risk. The concept of clearance remains important, but it should not be as 
important as it has become. In fact, for much of a distribution system, clearance per 
se is one step removed from the true risk.

There are three areas where refinement needs to be made to the traditional program, 
which are as follows:

• Clearance specification,
• Hazard trees maintenance
• Corrective maintenance.

Preventive maintenance clearance specifications should place much greater 
emphasis on the elimination of potential causes of tree and branch failure. This also 
includes an important emphasis on proper arboricultural practices. This emphasis is 
driven by the goal to reduce the risk of structural failure. Trees respond favorably to 
proper pruning. Improper trimming causes stress, decay, and mortality, which 
effectively increases the risk of structural failure.

Secondly, because the risk of tree failure is predictable, regular hazard tree 
inspection and mitigation needs to be included as an important element of the 
vegetation management program.

Finally, armed with a new understanding of the mode and cause of tree-related 
interruptions, refinements can be made in the way corrective maintenance tree work 
(a.k.a. hot spotting) is managed.

Out-Of- The- Box Preventive Maintenance Alternatives
RCM begins with an initial assumption that reliability is an inherent design 
characteristic of the system. Within this frame of reference, structured decision 
logic is used to select optimal preventive maintenance tasks. This decision 
hierarchy defines the preferred approach to preventative maintenance as follows:

• Performing maintenance based on-condition
• Performing maintenance based on a fixed time interval
• Not performing preventive maintenance but repairing after failure
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Redesigning the system.

Redesign is recognized as the least preferred preventive maintenance alternative 
because it is often expensive. Nevertheless, it has a place in the maintenance 
program. The reality is that traditional vegetation maintenance tasks will not 
provide adequate risk mitigation for all sites and for all elements of the distribution 
system. In some small percentage of sites, adequate risk mitigation by traditional 
tree work is neither practical nor possible. In these cases, redesign alternatives 
deserve consideration.

Because RCM focuses attention on preserving system function, a number of 
strategies not traditionally considered to be maintenance items could be included in 
the maintenance prescription. Examples would include changes to the overcurrent 
protection system, corrective repair to existing infrastructure, and changes in the 
infrastructure. While the majority of resources will be allocated to preventive 
maintenance, (e.g. tree pruning and removal work), these other options will be 
considered and prescribed based on information acquired during field condition 
assessment.

Changes in Overcurrent Protection
Tree contact with overhead conductors initiates a fault. Under certain 
circumstances, the fault evolves from high to low impedance, with a corresponding 
increase in fault current levels. It is through the operation of the overcurrent 
protection system that the fault results in an interruption of some duration and size. 
There are a number of things that should be considered as means of mitigating the 
risk posed by trees.
Distribution systems are dynamic, and overcurrent protection coordination must 
keep pace. This is not always the case. A strong argument can be made to include a 
high level review of overcurrent protection coordination as part of the scheduled 
preventive vegetation maintenance of a circuit. The combined effect of tree 
maintenance together with overcurrent protection coordination would yield a return 
greater than either one done independently.
In addition to finding problems with overcurrent coordination, one will likely find 
missing, bypassed and/or disabled protection equipment. An example would be the 
occurrence of un-fused single-phase lateral taps. In this case, the argument can be 
made that a more effective means of mitigating risk than through tree pruning alone 
would be shifting part of the tree maintenance expenditures toward fuse installation. 
This is not to suggest that tree maintenance along single-phase lines isn’t important. 
But with proper overcurrent protection, the intensity of that effort could be reduced, 
as compared to that required for multi-phase lines.
Finally, there is the issue of overcurrent protection philosophy. An understanding of 
tree-related fault mode and cause suggests that a review of some basic system 
protection practices may be in order. The practice of feeder selective relaying, 
(preserving fuses by recloser operation), is commonly practiced in the industry. One
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reason for this approach is the belief that most faults on the overhead system are 
transient in nature. As pointed out, if a tree-initiated short circuit is the cause of the 
recloser operation, it is because it has provided a low impedance fault pathway. If 
the tree/branch with fully developed fault pathway remains in contact with the 
conductor(s), the reclosing operation will close back into a low impedance fault 
pathway. Based on an understanding of mode and cause, there is reason to question 
an assumption that the majority of tree-initiated faults would in fact be transient.
ECI acknowledges that the overcurrent protection system must be effective in 
addressing faults of all causes. However, for circuits where trees pose the dominant 
threat to reliability, a fuse-sacrifice protection scheme should be considered.

Assessing Opportunities for Changes to Infrastructure
The most intuitively logical element of infrastructure to include in the overhead 
preventative maintenance program is inspection and correction of obvious defects. 
As has been discussed, an argument can be made for condition assessment and the 
development of a specific maintenance prescription. Assessment of the elements of 
the overhead infrastructure can be easily included in the inspection and maintenance 
prescription writing process.
On the basis of a generic economic assessment, it would be unlikely that the 
investment necessary to alter existing infrastructure is justifiable. However, 
conventional preventive maintenance tree work will not provide cost-effective risk 
mitigation on all sites and circuits. This is the same basic argument for redesign that 
supports consideration of change to overcurrent protection.

Here too, a RCM philosophy is useful in assessing where changes in infrastructure 
may be the preferred alternative. A system-based rather than site-based assessment 
of preventive maintenance costs is warranted. With an on-condition approach, the 
cost savings related to future maintenance may come from both a reduction in 
maintenance intensity and frequency.

The assessment involves comparing the present value of future maintenance costs 
on the old system to the cost of conversion plus the present value cost of maintaining 
a new system. Benefits such as potential improvements in reliability between 
systems should also be considered. The specific approach to economic analysis is 
beyond the scope of this paper. Conceptually speaking, however, when the cost to 
change a small portion of infrastructure provides a greater return in terms of cost 
savings and reliability than repetitive pruning and removal work, it should be 
included as part of the maintenance prescription. Finally, it is important not to 
imply high precision in the analysis if it cannot be supported by available data and 
assessment tools.

Changes To Conductor Orientation and Alignment.
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D.lintroduction to Contracting Strategies
Three different approaches are commonly used by electric utilities to contract line clearance 
work. These include "time and material/equipment" (T&M), "unit price" and "firm price" or 
"lump sum" pricing strategies. Each has advantages and disadvantages that are important to 
understand, and there are multiple variations possible within each pricing family. Each 
carries a different risk profile for the contractor and the utility. Unit price and firm price 
contacts are inherently performance-based contracts. However, T&M with incentive pricing 
can also be a performance-based contracting strategy.

Performance-based contract strategies generally offer the lowest production risk for the 
utility by placing the burden to monitor crew productivity on the tree contractor and 
“incentivizing” the contractor to control costs. This applies to firm price, lump sum, unit 
price, and T&M with incentive type contracts. However, it should be understood that in order 
for these contract strategies to be effective, the utility and contractor should have a thorough 
understanding of the work scope, historical man-hours and costs for the work units to be 
maintained within the contract period. While it is possible to utilize these specific contract 
types for all work (i.e. ticket type work as well as preventative maintenance work), they are 
the most effective in situations where the scope of work is better defined such as on 
preventative maintenance. Ticket work such as Customer Trim Requests and Restoration are 
often too variable and can lead to higher “unit” prices due to the “contingency” contractors 
may build into their bid to account for this uncertainty.

Where historical data is not available, some utilities are successful in developing 
performance-based contracts by clearly defining the project scope prior to bidding through 
the development of detailed work plans. Pre-planning to define clearances, clearance 
exceptions, and removals has proven to be a very effective strategy in receiving least cost 
competitive bids. Contractors provide pricing on the defined work scope that the utility has 
pre-designated, thus eliminating guess work on the part of the contractor and eliminating the 
“contingency” cost that contractors build into bids. However, this does require additional 
effort on the part of the utility to employ knowledgeable personnel to perform the pre-work 
planning as well as post work acceptance. This strategy generally works well when the utility 
is developing firm price contracts in the form of a guaranteed cost per mile or a guaranteed 
cost per circuit.

Utilizing a T&M with incentives type contract is a viable alternative for preventative 
maintenance work, but does require an extensive knowledge of historical man-hours in order 
to develop “should take times” in order to set contractor valid targets or thresholds for each 
work unit. In this contract type, the utility agrees to pay the contractor for their total actual 
man-hours incurred to complete the work unit. The contractor in turn, agrees to meet the 
established target and “share” with the utility any cost savings achieved by completing the 
work unit with less man-hours than allotted. Some contracts also include a shared “penalty” 
where the contractor agrees to also share the cost of any work units exceeding the threshold 
man-hours thus, this provides the contractor with an incentive to find cost savings while 
minimizing their perceived risk in relation to their skepticism to utility provided targets.
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Another variation to this contract type includes a T&M not to exceed. In this contract type, 
the contractor and utility agree that any cost savings will be shared; however, the contractor 
bears the entire burden for any cost over-runs above the man-hour threshold set by the utility.
The advantage to this contract strategy is that the utility can have 100 percent confidence in 
their maximum expenditure which they can then use to better plan and budget. The 
disadvantage is that the contractor may include higher pricing due to the “contingency” 
variable and therefore, it may not offer the same cost savings as could be expected through 
the shared incentive/penalty contract.

Utilizing multiple contract strategies for vegetation management is generally the most cost 
effective. Performance based contracts are preferred for preventative maintenance type work 
but should be utilized in combination with other contract strategies to ensure overall program 
cost effectiveness. Firm price or unit price contracts are most effective for brush maintenance 
or herbicide treatment programs where the contractor can easily inspect and quantify the 
work volume. Competitive bidding of these work types ensures the contractor will provide 
the lowest unit price based on their estimated cost to complete the defined work scope and 
their known material costs (i.e. herbicide costs). T&M contracts (without incentives) offer 
the greatest level of flexibility to the utility in terms of being able to easily add or remove 
work scope and therefore are recommended for ticket type work. For the contractor, T&M 
minimizes their risk where work scope is variable or undefined as in Customer Trim 
Requests and Restoration type work. This allows the contractor to provide better pricing but 
shifts the burden to the utility to ensure that crews remain productive. Even so, T&M is 
generally considered the preferred method for these work types. A combination of all the 
contract strategies tailored toward specific work types, will offer the greatest potential for 
cost savings to the utility while minimizing the resources required to monitor contractor 
performance.

Well-documented inspection of completed work and establishment of clear standards are 
critical to achieving value from firm price or unit price contracts. Where clearance 
requirements may be variable due to customer concerns or in situations where work scope is 
not clearly defined (as with ticket work), T&M normally can provide a better value.

In recent years, the impacts of fuel price fluctuations have become a major concern for 
contractors as well for the utilities they work for. Concerns arise when contract rates are set 
at a time when fuel prices are at the extremes and then change dramatically over the life of 
the contract. This either leaves the contractor with a windfall profit if fuel prices decrease 
(and the utility with higher costs) or can result in significant loss of profits for the contractor 
if fuel prices increase. Shorter contract periods (i.e. one-year) can minimize potential risk, 
but can be costly in terms of the cost to develop new contracts every year, and in terms of 
higher rates from contractors due to increased risk from shorter contract periods. Many 
utilities have elected to incorporate fuel escalators into their contracts to offset this concern.

The following are brief descriptions of the common contracting strategies:
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Time and Materials (T&M)

T&M is normally the least risky for the contractor since most of the production-related risk is 
bom by the utility. T&M contracts with performance measures and incentives tend to move 
some of the production risk back to the contractor. T&M often results in the highest work 
quality. Poor performance may subject a contractor to contract termination or result in 
assignment of “penalty points” as part of future bid evaluations. For work that is highly 
variable in nature, difficult to quantify in advance and where quality and customer relations 
are significant concerns, T&M may be the most desirable method.

Unit Price

Unit price work shifts production risk to the contractor but requires preplanning by the utility 
to designate which units the contractor should complete. Units are normally a tree trimmed, a 
square area of bmsh removed, footage cleared, or a tree removed by diameter classes. There 
is a natural incentive for the contractor to provide only the level of quality enforced by the 
utility. Consequently, quality control inspection by the utility is an important administrative 
requirement for this pricing strategy as well as work completion inspection. Administration 
of unit price contracts can become burdensome for utilities with high tree densities.

Firm Price

Firm price work also shifts production to the contractor but also shifts work unit selection to 
the contractor. The natural incentive in this pricing strategy is for the contractor to select the 
minimum acceptable units and provide the minimum acceptable quality. Post-work 
inspection by the utility is critical to assuring that all work was completed in compliance with 
the established specification. Tree removal is often an issue in a firm price contract since 
costs for tree removal can be highly variable. Consequently, trees to be removed are 
sometimes identified in advance as part of the bid package preparation. Alternatively, unit 
prices by size class for tree removal can be established or tree removal can be completed on a 
T&M basis for trees specifically authorized by the utility. Firm price is best suited to 
situations where the work can be clearly defined and understood by the bidders. It should 
also be limited to locations where there will be good competition by a number of bidders. 
Awarding of concurrent firm price contracts to multiple contractors is desirable. Small firm 
price contracts bid to companies that do not have a local presence frequently results in higher 
pricing to cover the cost of per diems or personnel relocations necessary to establish a labor 
force.
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National Electrical Safety Code (NESC)
Part 2: Safety Rules for Overhead Lines 

Section 218 Vegetation management

A. General

1. Vegetation that may damage ungrounded supply conductors should be pruned or 
removed. Vegetation management should be performed as experience has shown to 
be necessary.

NOTE T. Factors to consider in determining the extent of vegetation management 
required include, but are not limited to: line voltage class, species growth rates and 
failure characteristics, right-of-way limitations, the vegetation’s location in relation to 
the conductors, the potential combined movement of vegetation and conductors 
during routine winds, and sagging of conductors due to elevated temperatures of 
icing.

NOTE 2\ It is not practical to prevent all tree-conductor contacts on overhead lines.

2. Where pruning or removal is not practical, the conductor should be separated from 
the tree with suitable materials or devices to avoid conductor damage by abrasion and 
grounding of the circuit through the tree.

B. At line crossings, railroad crossings and limited-access highway crossings, or navigable 
waterways requiring crossing permits.

The crossing span and the adjoining span on each side of the crossing should be kept free 
from over-hanging or decayed trees or limbs that otherwise might fall into the line.
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Appendix F - Model Hazard Tree
Risk Reduction Process
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Model Hazard Tree Risk Reduction Process
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Appendix G -HELCO Outage
Investigation
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Hawaii Electric and Light Company
Organizational Structure with Direct Vegetation Management Oversight
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Appendix I - Effects of Deferred 

Maintenance and Inadequate
Clearance
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Deferred maintenance is a process in which tree growth is allowed beyond the 
limits prescribed by a regular maintenance cycle. This happens when the 
time between pruning is too long for the clearances obtained.

Inadequate clearance is the result of not pruning the branches far enough from 
the conductors to allow for the growth of the trees.

Deferred maintenance and inadequate clearance generally result in increases 
in the number of tree-related service outages and in the overall costs of the 
line clearance operations. Clearances and pruning cycles recommended in 
this report should be maintained to avoid these problems.

Figure A illustrates the typical results of three different top pruning situations 
for trees, based on a 3-year maintenance cycle. (Similar effects would occur 
for side pruning and other recommended cycle lengths.)

Situation 1: Sketch “A” illustrates the effect of deferred maintenance. The 
maintenance cycle should be such that when the tree limbs reach the 
conductor, the tree should be pruned. If maintenance is deferred, these limbs 
will grow around and between the conductors, producing a much more 
difficult and expensive pruning job. Branches will have to first be trimmed to 
the conductors to remove growth in close proximity to them. The branches 
will then have to be pruned again below the conductors to obtain proper 
clearance.

Situation 2: Trimming that does not provide adequate clearance around the 
conductors can produce the same situation created by deferred maintenance. 
Sketch “B” illustrates how inadequate clearance created a difficult and 
expensive pruning job, because branches grew around the conductors before 
the line was scheduled for the next pruning cycle. The clearances 
recommended in this report are the minimum necessary for the recommended 
cycles.

Situation 3: If normal pruning cycles are maintained (as shown in Sketch 
“C”) and proper pruning techniques and clearances are used, pruning costs 
will be reduced and stabilized over the long run. However, cost increases will 
occur if stability is lost due to budget cutbacks or reduction in clearance 
obtained.
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ANSI A 300 - The American national Standard for Tree Care Operations- Tree, Shrub, and 
Other Woody Plants maintenance - standard Practices (Pruning). American national 
arboricultural consensus standard.

Basal Application: The application of a herbicide and oil mixture to the lower or basal 
part of the stem.

Best management Practices: In the context of utility vegetation management, best 
management practices is the most effective, safe, economical and environmentally sound 
procedure (s) for maintaining electric rights-of-way

Brush: A woody plant less than 4 inches d.b.h. that may reach the conductor at
maturity.

Callus: New growth made by the cambium layer around all wounds.

Cambium Layer: The actively growing tissue between the bark and sapwood of a 
tree that accounts for a tree's growth in diameter.

Certified Arborist: professionals dedicated to excellence in the field of arboriculture. 
Certified arborists are hi^ly qualified in the care of trees and woody shrubs with knowledge 
of the most up to date, advance and proven age-old techniques. They have a number of years 
of experience, training and must pass rigorous testing before they can become a certified 
arborist. Term used here specifically in reference to utility arborists or those individuals with 
specific knowledge of utility arboriculture.

Clearance: The distance between vegetation and the conductors.

Climbable Trees: For the purposes of this report, trees with the trunk or a significant 
branch within 10 feet of the conductors that have sufficient limbs within 10 feet of the 
ground or other climbable object (shed, fence, etc.) so that they can be climbed without 
the use of climbing aids (ropes, spurs, etc.).

Compatible Vegetation: Vegetation that matures at a low height, so that it will never 
grow tall enough to interfere with the electrical conductors.

Conductor Security Zone: The area around electrical conductors into which
vegetation should never be allowed to encroach. The size of this zone is determined 
primarily by the voltage of the conductors.

Coniferous: Any of the cone-bearing trees or shrubs, mostly evergreens. Coniferous 
trees usually do not sprout new growth when cut or trimmed.

Crew Foreman: Tree contractor's crew leader (man or woman) working with and
supervising the line clearance crew.

Cut Stump Treatment: Removing vegetation by cutting, followed by herbicide
application to the stump.

Cycle: See "Pruning Cycle."
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Minimum Clearance: The required minimum distance between tree and conductor to 
be achieved at the time of pruning to ensure that the tree will not grow into the 
conductor before the end of the maintenance cycle.

Natural Pruning: A method by which branches are cut to the branch collar at a
suitable parent limb back toward the center of the tree. This method of pruning is 
sometimes called "drop-crotching" or "lateral trimming." Natural pruning is also 
directional pruning, since it tends to guide tree growth away from wires.

Non-Compatible Vegetation: See "Target Vegetation."

OFF-ROAD: not accessible to bucket/ lift truck.

ON-ROAD: accessible to bucket / lift truck.

Ornamentals: Trees used for landscaping or that otherwise have aesthetic value.
Ornamentals are often hybrids, varieties, or grafted species.

Pollarding: Stubbing off major limbs until the tree assumes the desired size. The
result is unsightly, and a multitude of fast-growing suckers will sprout from the stubs 
resulting in a line clearance problem more serious than before.

PreventativeMaintenance: refers to planned or scheduled maintenance work as in cyclical 
trimming of electrical circuits.

Pruning: The removal in a scientific manner of dead, dying, diseased, interfering,
objectionable, and/or weak branches of trees or shrubs.

Pruning Cycle: The period of time that elapses between the time a tree is pruned and 
then pruned again.

Qualified Vegetation Manager: A professional with the proper experience, education and 
training to successfully establish or supervise an integrated vegetation management program.

Reactive Maintenance: Non-scheduled work including restoration, customer trim requests, 
and operations hot spot requests.

Reliability Enhancement Program: (REP) refers to a planned program aimed at improving 
reliability on a given circuit or portion of circuit. Through analysis of reliability data, 
investigation of types of interruptions, a planned approach is developed to resolve the 
reliability issue through a combination of vegetation maintenance, construction changes or 
both.

Removal: Completely removing an entire tree to ground level; required when a tree 
is described as a danger tree or when a tree should be removed for other reasons. 
Also, any tree that is a candidate for removal.

Residential: See "Urban."
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Rounding Over: The making of many small cuts so that the tree top is sheared in a 
uniform line. This creates an unhealthy tree condition and results in rapid regrowth 
directly back toward the electrical conductors.

ROW:refers to utility rights-of-way

Rural: An area that is not directly associated with a permanent or seasonal residence 
where vegetation is not intensively managed for aesthetic values. This includes areas 
of agricultural and forest land use, as well as undeveloped sites within otherwise 
urban or residential neighborhoods. Rural areas are commonly dominated by native 
species of trees, shrubs, and herbaceous vegetation.

Selective Herbicide:A herbicide that, when applied to a mixed population of plants, 
will control specific species without injury to others.

Shearing: See "Rounding Over."

Shrub: A woody plant normally maturing at less than 20 feet in height, presenting a 
generally bushy appearance because of its several erect, spreading, or prostrate stems.

Side Trim Stubbing: Stubbing off portions of limbs along the side of the tree to obtain 
clearance. The result is not only unsightly, but on many species a multitude of fast­
growing suckers will sprout from the stubs, soon resulting in a line clearance problem 
more serious than before. The stubs are quite likely to fall victim to decay or disease.

Side Pruning: Cutting back or removing side branches that are threatening the
conductors; required where trees are growing adjacent to conductors.

Slash: Debris resulting from a tree clearing operation.

Species: The basic category of biological classification, intended to designate a
distinct group or kind of plant or animal having common attributes.

Specifications: All the terms and stipulations contained in a contract pertaining to
the method and manner of performing the work or to the quantities and qualities of 
the material to be furnished under the contract, including amendments, revisions, 
deductions, or additions.

Sprout: New growth originating from adventitious buds, usually induced by
removing a limb.

Target Vegetation: Woody species capable of growing tall enough to interfere with 
the electrical conductors and/or access to the electrical conduction system.

Top Pruning: Cutting back large portions of the upper crown of a tree; required when 
trees are located directly beneath a conductor. Sometimes called topping.

Translocated Herbicide: A herbicide that is moved from its point of entry throughout 
a plant via the vascular system.

Translocation: The transfer of substances from one location to another in the plant 
body.
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Tree: A woody plant normally maturing at 20 feet or more in height, usually with a 
single trunk, unbranched for several feet above ground with a definite crown. Any trunk 
that is over 4 inches d.b.h. can be considered a tree.

Tree Crown: Upper portion of the tree; the branches or leaf area.

Trimming: Cutting back tree branches or shrubs, not necessarily in a scientific
manner, to shape or reduce the size of the tree or shrub.

Trimming Cycle: See "Pruning Cycle."

Troublesome Species: Trees that exhibit great potential to grow into contact with
electrical conductors due to their growth patterns.

Under Pruning: Removing limbs beneath the tree crown to allow wires to pass
below the tree.

Urban: An area in direct association with permanent or seasonal residences,
commercial properties, or other developed areas, where the existing vegetation is 
intensively managed for aesthetic value. This includes all landscaped areas, such as 
business and industrial properties, golf courses, lawns, and parks. Urban areas are 
typically stocked with yard or street trees of high aesthetic or ornamental value.

Volunteer Trees: Trees that are established naturally, rather than being planted.

Windthrow: The uprooting of trees due to wind.

Whorl: A circle of three or more similar parts around a central point, as three or
more leaves growing around a twig at one spot or node. The circular arrangement of 
branches about the trunk of conifers.
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ALBIZIA SUMMARY
ISLANDOF HAWAII

December 2015

HELCO

4 Locations
STATE HIGHWAYS

5 Locations

COUNTY OF
HAWAII

9 Locations

TOTAL
COSTS:

18 Loations
A

LB
IZ

IA
 C

O
ST

IN
FO

R
M

A
TI

O
N

YEARl $3,673,140 $3,002,874 $2,102,866 $8,778,880

YEAR 2 $2,616,662 $2,159,622 $1,473,021 $6,249,305

YEAR 3 $1,793,907 $1,503,407 $981,919 $4,279,233

YEAR 4 $1,228,862 $1,053,420 $643,810 $2,926,092

YEARS $947,015 $830,052 $473,828 $2,250,895

TOTAL TREE
MANAGEMENT COST:

$10,259,586 $8,549,375 $5,675,444 $24,484,405

The Chronological Costs over this five (5) years becomes progressive less over this 5 
year period.

In Year 1 = $ 8,778,880 and progressively less ending in Year 5 = $ 2,250,895 

AVOIDED IMPACTS AND COSTS:

The Project Team attempted to best identify AVOIDED IMPACTS & COSTS. The 
Avoided Costs when shown are from available Publications, Presentations and recent past 
storm experiences.

The Table that follows, concludes significant Avoided Impacts and Costs that would 
result by implementing this “Albizia Emergency Mitigation and Management Plan.

ALB

IF PLAN IS
IMPLEMENTED:

(Future Projected 
Impacts or Costs)

LEVEL OF
IMPORTANCE: DESCRIPTION OF AVOIDED ITEM:

IF PLAN IS NOT
IMPLEMENTED:

(Avoided Projected 
Impacts)

COST or NARRATIVE
BASIS for AVOIDED COS

PROJECTIONS

Reasonable Response 
w/ manageable Delays.

1 Emergency Response by Police, Fire, and all 
Emergency Services

Significant Delays in 
Response Times

NA

HELCO Reponse 
Manageable

1 Power Service Interuptions
Significant Disruptions 
w/ Response Delays

$ 15 Million for Tropical 
Storm Iselle

Minimal Impacts 1 Access to Disaster & Emergency Centers
Significant Potential 
for Blockages

NA

No Impacts 1 Access to Hilo International Airport
Blockage Potential for 
this Access Road

Mandatory that this 
access always exists.

Impacts lessened or
none

1 Emergency Clearing to HELCO, State 
Highways & CoH Facilities

Significant Blockages 
by Downed Albizia

$20 Million per Storm

Impacts lessened or
none

1 Access to Hilo Solidwaste & Landfill
Significant Blockage 
for Major Storm 
Disposal Site.

Mandatory that this 
access always exists.

Emergency Response 
Manageable 2 Reduction in Staffing, Equipment and Cost 

for Emergency Call Outs

Significant Delays due 
to Resource
Limitations,.

Est.$ 10-$15 Million 
per Event Potential

Manageable Response 2 Reduction in Need forContractural Tree 
Cutting Services

Need to Prepare for & 
include in Emet^ency 
Response Plan

Est. $5-$15 Million pe 
Event Potential.

Manageable Situation 3 Loss Use of Transportation Facilities
Significant Loss of 
Usage

Major Economic Loss

Ordinary Budgeting 
Roadside &

Transimission
Maintenance

3 Reduction in Annual Tree Management for 
HELCO, State Highways, & CoH

Unplanned and 
Emergency Budgeting
to meet this

Est.$1.0-$5.0 Million 
peryear.
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THE ALBIZIA TREE ORIGIN & HISTORY:
Falcataria moluccana, commonly referred to as the Albizia Tree, is an invasive species 
introduced in 1917 by Hawaii Botanist Joseph Rock. 140,000 trees were planted 
statewide.

The Albizia is a fast growing tree that grows at a rate 10 times faster than average trees, 
about 20 feet per year. Growth Rates are: 1” per day, 100 feet in 10 years, 150 feet w/ 
48” trunks and can reach 200’ in height. This is the tree that is designated as a high risk 
and highly invasive species by the Hawaii-Pacific Weed Risk Assessment. Albizia is 
literally one of the fastest growing problems affecting HawaiT island’s roads and above 
ground utility lines.

Albizia also has a shallow root system & brittle heavy branches. They are often known to 
crash on roads, powerlines, buildings, etc. and can easily break at 35mph winds.

Germination and Recruitment (re-growth) is greatest where the ground cover is disturbed. 
Any existing ground cover is a good preventer.

Albizia is also easily spread by Heavy Equipment on Construction Project to Project. 
Photos that follow establish new Albizia locations that originated with new construction 
projects.

This type of Tree is a major issue. Attached as a part of the appendix is an article:

“The Problem Whether Emergency Recovery or Other (Dr. Flint Hughes — 
Resource) Honolulu-Star Advertiser 8-24-15 by Timothy Hurley”

It is this Albizia Tree that is a major and significant problem with significant mitigation 
cost. They break very easily and thus this need to pursue funding to implement this 
Management Plan.

Hazard trees are defined in this plan as those which pose an immediate threat to roads, 
structures, or power lines because of close proximity. Albizia clearly fall into this 
category. These Albizia are those bordering public roads and primary transmission lines. 
These routes and transmission lines serve a major population and many of which do not 
have alternate routes.
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Photos below are typically characteristic of the ALBIZIA tree.
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Albizia Re-Growth - Trees shown are typical of growth that occurred with Heavy 
Equipment on this project which occurred in 2001. Thus these trees are only 14 years old
maxunum.
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ALBIZIA OPTIMUM GROWTH - Under ideal conditions and this tree is less than 15 
years old.
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ALBIZIA SINCE 2001 - Skyward view of Albizia resulting from that same project in 
2001. These 3 trunks are from the same tree.
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ALBIZIA MITIGATION. MANAGEMENT 

AND FINANCIAL PLAN:
The Albizia Mitigation, Management and Financial Plan which follows will detail the 
following information:

• The Agency Jurisdictions to include: HELCO, State Highways and the 
County of Hawaii

• For each Agency the following information is in the form of tables to include:
1. The locations/corridors and are identified to include the overall limits 

of the Albizia growths in miles.
2. Each Location has been converted from Miles to Acres based on each 

Jurisdiction’s average Typical Section. {See Pages 14 -16)
3. The Cost Analysis for each location/corridor over the five (5) year 

period includes 3% inflation rate for each of the succeeding years.
4. For each Jurisdiction (HELCO, STATE HIGHWAYS & COUNTY 

OF HAWAII - See Page 13), there are separate tables which shows:
■ All locations/corridors include for that Jurisdiction.
■ Year 1 through Year 5 Costs for all locations/corridors.
■ Total Costs for all locations/corridors.
■ Grand Totals Cost Summary.

• Operations by Civil Defense, Disaster Assistance, Airports, Solid Waste, 
Police, and Fire Facilities have also been addressed.

11
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ALBIZIA ISLAND MAP showing LOCATIONS:
Island Map below shows Agency Jurisdictions and all locations by colored 
coded dots as follows:

1. HELCO - ORANGE 2. STATE HIGHWAYS - PINK 3. County of 
Hawaii-GREEN
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COST ANAYLIS SUMMARIES FOR JURISDICTIONS:
Conclusions based on the tables below each for HELCO, STATE HIGHWAYS AND the 
COUNTY OF HAWAII are:

1. The Mitigation Cost for each is greatest in the first year.
2. With each year 2 through year 5 this mitigation cost decreases as does the growth 

concentration of Albizia Trees.

ALBIZIA TREE MANAGEMENT SUMMARY 
HELCO • HAWAII ELEaRIC LIGHT CO., LTD. 

December 2015

HELCO

CORRIDOR NAME or I.D: 
(Length in Miles or

Size of Location in Acres)

No. 1 No. 2 No. 3 No. 4 TOTAL:

61 Miles or
454 AcresPIIHONUA

7400

12 Mile or
93 Acres

NANAWALC
6500

29 Miles
or 214 Acres

LEILANI
8700

18 Miles
or 131 Acres

KAUMANA
9200

2 Miles
or 16 Acres

TOTAL
COSTS:

A
LB

IZ
IA

 C
O

ST
IN

FO
R

M
A

TI
O

N

YEARl $790,977 $1,714,234 $1,040,148 $127,781 $3,673,140

YEAR 2 $560,160 $1,221,214 $742,563 $92,725 $2,616,662

YEARS $380,327 $837,265 $510,850 $65,465 $1,793,907

YEAR 4 $256,712 $573,580 $351,769 $46,801 $1,228,862

YEARS $194,876 $442,055 $272,503 $37,581 $947,015

TOTALTREE

MANAGEMENT COST;
$2,183,052 $4,788,348 $2,917,833 $370,353 $10,259,586

ALBIZIA TREE MANAGEMENT SUMMARY 
STATE HIGHWAYS DIVISION 

DECEMBER 2015

STATE HIGHWAYS
CORRIDOR NAME or I.D: 

(Length in Miles or
Size of Location in Acres)

No. 1 No. 2 No. 3 No. 4 No. 5 TOTAL:

58 Miles or
395 AcresPUAINAKO

RTE200
IMileorSAcres

HAWAII BELT
ROAD

ROUTE 19
15 Miles

or 117 Acres

KEAAU-PAHOA RD
ROUTE 130
25 Miles

or 169 Acres

MAMLAHOA
HWY

ROUTE 11
15 Miles

or87 Acres

HILO AIRPORT
ACCESS ROAD

2 Miles
or 14Acres

TOTAL
COSTS:

AL
BI

ZI
A 

C
O

ST
IN

FO
R

M
AT

IO
N

YEARl $97,314 $1,091,367 $1,254,395 $453,409 $106,389 $3,002,874

YEAR 2 $68,415 $763,500 $903,136 $346,809 $77,762 $2,159,622

YEARS $45,888 $507,835 $629,812 $264,356 $55,516 $1,503,407

YEAR 4 $30,386 $331,786 $442,419 $208,526 $40,303 $1,053,420

YEARS $22,606 $243,228 $349,454 $181,944 $32,820 $830,052
TOTALTREE

MANAGEMENT COST;
$264,609 $2,937,716 $3,579,216 $1,455,044 $312,790 $8,549,375

COUNTY OF HAWAII ROAD 
December 2015

COUNTY OF HAWAII
CORRIDOR NAME or t.D: 

(UngUi in Miles or
Size of location in Acres)

No.l No. 2 No.l No, 4 No. S No. 6 No. 7 No. 8 No. 9 TOTAL
49Ullesor
226AcresPUAINAKO EXTENS

RTE200

SUiles or 22 Acres

KAHAKAI BLVD
6Miles or
28 Acres

POHOIKI ROAD
SUilesor

18 Acres

KAPOHO ROAD
RTE112

SMiles or
17 Acres

LEILANI AVE
4Ulles or
25 Acres

WAIANUENUE

2Mlles or
8 Acres

RAILROAOAVE

7Mlles or
10Acres

MAKUU
8Ullesor

17 Acres

HILOUNOFILL

4Mlles or
21 Acres TOTALCOSTS:

YEARl $204,169 $266,545 $145,421 $142,947 $261100 $67,206 $270,175 $142,947 $202,354 $2,102,866
YEARl $141,122 $186,157 $101826 $240,104 $180,549 $48,010 $189,896 $240104 $141,253 $1,473,021

s| YEARl $95,S2S $121,4ffi $7L417 $159,912 $117,688 $11,064 $127,116 $159,912 $93,600 $981,919

ii YEAR 4 $62,760 $80,285 $49,200 $101,699 $74,115 $22,804 $84,252 $104,699 $60,776 $643,810

a�0 YEARS $46,292 $58,549 $18,121 $76,914 $52,421 $17,691 $62,615 $76,914 $44,249 $473,828
TOTALTREE

MANAGEMENT COST:
$S5L868 $715,001 $408,007 $924,596 $686,091 $188,777 $714,274 $924,596 $542,232 $5,675,444

13



��������3 �
������ ���� ���������� �

��#� ��3 �%;��F

��-)Z)� ��1�)��� �Z��� �+���)��+ �D�. �O,.)+�)��)��+0
�$� ���85!"8�8$% ���� �"$����9!�8 ��9%:� �$�:� �9��� �9�8�> �%��"$���'��	�! ��:���#� �+�	"�%�8�
�'��8 �%;��!9�L�� �Z%��8���	$ �;%�������( �+"�"� ���#$ �'8 ���> �"$���%5�"' �%;��� ����

��	$ ��8�8$% � �9�!% 0

4� �n��

���# �?�@ -.

����- ��" ���Y�<�� �<���-: �4�Q� �4�� ��1$�* �X&*�+ ��) ��#�� �	�)��)�#&�,�)*�

8�2F� ���$� �2�����% �F��� �+�=���� ��Y !_!� �"��"������!��5 ���� �C��5�'
L� ��:�Z� ����� �� 5� �!�" 6C�5 ��6���� �Y�X��C ���� ��!Q�� ��� ���X �8���#'
L� �Z���Q� �=!C�� ���� ������ �b�(G�����' ���!5 ����� �Z��!�5 �!� �=!C�� ����: �)<�+�))< �:�`!:6: �

�� ��  �= ���� ����5� �!C���!�!�C ���_��C �����5 �=�!"� ����C ��� �Y� ���:�Z�C'
L� �!��!� ��2F& ���:�Z� �=!  �Y� �YX�7���2��� �K������'

�! � ��� ��"�� ���:�6���!�� �b�8�))< �+�G<#�` �G(J) ���9:!!� �A.&G*)�5�9�"�� �b��)'.) ��"��5 ���� ��! � �
)����:6 � �!5,�8�2F ��!C�� �+��� �$��= �F��� ��!C��# �` �G(J) ���9:! � �+��A.&G*)�5�9�"��

8�2F#���� �2�����% �F��� �+�=���� ��Y !_!� �"��"������!��5 ���� � �55 �C��5�'
L� ��:�Z� ����� �!5� !:!��C ��� �=!��!� ���� ��!Q�� ��� ���X �8���#'
L� �!��!� ��2F&���:�Z� �=!  �Y� �YX�7�������� ����������7'

�! � ��� ��"�� ���:�6���!�� �b�8G)<�+�G\#�` �G(J) ���9:! � �+��A.&G*)�5�9�"�� �b�A'(A ��"��5 ���� ��! � �
���:6 � �!5�,�8��� ��!C�� �+��� �$��= �F��� ��!C��# �` �G(J) ���9:! � �+��A.&G*)�5�9�"��



HELCO-814 
DOCKET NO. 2015-0170 

Page 15 of 23

^fATg \k\<AWUhY
ZoiitS:

Lg>7.l^W KOAoVA

w© «\ac;pcja.

(O-JO^
VlfcK.']

V^'02 - iUc^NV 
<^CVV9VOL3fi>ue !ncU. 

(o’-

w U-4i’ -»4w 
feo''' •■

Ma’ams . ‘sr vife.'^-*4

\'9o' L'<'^.'U\'o\^

TYPES OF ALBIZIA ZONES: (Two (2) Types based on Tree Concentrations)

(HD2) HIGH DENSITY ZONE - where Ablizia concentrations are dense.
• Removal Area also includes Buffer beyond the Right of Way (ROW).
• Average width for State Highway = 35 feet. This area varies in width from 0' -100' maximum 

to allow for those identified hazard trees which need to be removed.
• Within HDZ, removal will be by "HARDCUT & TREAT.

Miie to Acre Computation = (ISC' - 80') x 5280 If/mile 43,560 sf/acre = 8.48 Acres per Mile 
o Formula is : (HDZ Width - No Grow Zone Width) x 5280 If/mtie t 43.560 sf/acre

(*-0Z) LOW DENSITY ZONE - where Ablizia concentrations are less dense.
• Removal Area is limited to within the Right of Way (ROW).
• Within LDZ, removal will be by "CHEMICAL MILESTONE".

Mile to Acre Computation = (120’ - 80') x 5280 If/mile -f 43,560 sf/acre = 4.84 Acres per Mile 
o Formula is : (ROW Width - No Grow Zone Width) x 5280 If/mile ^ 43.560 sf/acre
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Ease of use makes this method ideal for Albizia Tree removal in non-hazardous areas. 
These non-hazard trees do not pose a threat to infrastructure if they fall and account for a 
good percentage of trees within a project corridor. These trees can be killed quickly and 
easily to stop their encroachment into neighborhoods and eliminate their capacity to re­
produce the seeds of future infestations.

ALBIZIA MANAGEMENT PLAN INCLUDE THESE ELEMENTS:

1. Annual Inspection & Survey - is conducted at each location to best assess
a. Albizia Concentrations and Densities
b. Buffer Zones, Fall Zone & Types - The ability to create buffer zones 

around high-priority corridors was identified as a necessity. Generally, 
two types of trees fall into this category: large trees which do not yet pose 
an imminent hazard to infrastructure, and saplings which are sprouting up 
throughout the corridor.

c. Treatment Types to be applied.
2. From these Inspections, Agencies can better determine the time and effort for 

each year’s Mitigation plan.
3. Permission from adjacent landowners will be necessary.

TREATMENT COSTS:

Based on past experience and records, the following estimates are used for this plan. Note 
that the cost per mile amounts below have been converted to cost per acre. This allows 
for better cost projections to address differences for each Jurisdiction’s differing Typical 
Sections.

1. Hard Trim, Fell & Chemically Treat - $ 115,000 per mile
2. Milestone Chemical Treatment - $ 11,000 per mile or an average cost of $2 to 

$5 per tree.

Prior to this Plan, the original BIISC Estimated Costs for Implementation of Albizia 
Mitigation Plan were estimate at $6.65 million as follows:

1. $2.64 million to protect 18 miles of primary electrical transmission lines.
2. $2.3 million to eliminate immediate safety hazards along 22.3 miles of county 

roads, including the Railroad-Maku’u Emergency Access Way.
3. $1.4 million to eliminate immediate hazards along 10.8 miles of state highways.

COMMUNITY CONCERNS REGARDING PESTICIDE USE:

In general, strong community support exists for this plan, as seen in the positive response 
to the Black Sands demonstration project and the high demand by communities for BIISC 
training workshops that are ongoing into 2015. In fact, large-scale removal of Albizia 
has been identified as a top priority by many residents of Puna and Hilo, prompting 
legislator involvement at both the County and State levels.
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However, any action involving the use of pesticides can elicit some level of concern to be 
expressed by citizens. Reception of the plan as presented publicly throughout Puna has 
been overwhehningly positive.
Direct outreach and transparency about the process are critical to maintaining public 
support. The extremely conservative method of herbicide application—as little as half a 
milliliter of herbicide dropped directly into a notch in the trunk—is significant in 
alleviating concerns about herbicide in the environment. At community meetings, 
information on Milestone'^^, including the product label, special local needs label, and 
Materials Safety Data Sheet, are provided, and information about the Reduced Risk EPA 
designation for the product is shared. Strong and open communication between Albizia 
mitigation enactors and the public is a critical aspect of the plan.
ENDANGERED SPECIES PROTECTION:
Two endangered species, the Hawaiian Hawk and Hawaiian Hoary Bat, are known to be 
present in some of the vicinity of identified project areas, and previous research has 
indicated that these animals may nest in Albizia. Precautions necessary to prevent 
negative impacts on these species will be taken.
Consultation with the US Forestry and Wildlife Service is standard practice for tree 
maintenance activities along infrastructure corridors, and standard no-take procedures are 
well established. Felling of hazard trees must be considered durins the summer nesting 
and pupping season for the two species. Precautionary measures are in place using 
thermal imaging cameras and if no bats are detected then the Hardcut & Treat can 
proceed.

ALBIZIA PHOTOS during and after Hardcut & Chemical Treatments.

m
K::

.V..

>D��E� ��>

-^'1 ■ ■ /

WORK CREWS clearing the fallen ALBIZIA Trees. Note the major equipment 
necessary.
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ALBIZIA CHEMICAL TREATMENT OFF KOMOHANA STREET - Shows the 
effectiveness of Chemical “Milestone” treatment.

CONCLUSIONS:

This Report concludes the following:
1. The Albizia Tree is a hazard and threat to Public Health and Safety.
2. There are significant costs to mitigating and managing the Albizia Tree 

concentrations.
3. Major Tree populations are located within corridors and locations belonging to: 

Hawaii Electric Eight Co. Ltd.; the Hawaii State Highway’s Division, and the 
County of Hawaii.

4. These costs are offset by the Disaster Emergency Clean Up and Recovery Costs 
that can be expended for any post-disaster recovery.

5. The Avoided Impacts and Costs in total and for each Jurisdiction are significant.
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RECOMMENDATION:
THIS REPORT RECOMMENDS EUNDING TO 

IMPLEMENT THE MITIGATION AND MANAGEMENT 

OEALBIZIA TREES.
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Hawai’i Electric Light Company, Inc.

Annual Service Reliability Report 2014 
Introduction

INTRODUCTION
This is the 2014 annual service reliability report of the Hawai’i Electric Light 
Company (HAWAI’I ELECTRIC LIGHT). The year-end average number of electric 
customers increased from 82,074 in 2013 to 82,872 in 2014 (a 0.96% increase). The 
2014 peak demand for the system was 187.8 MW (evening peak), 2.4 MW lower 
than the peak demand of 190.2 MW in 2013.

The system interruption summaries (Attachment A) for the past year and the system 
reliability indices for the five prior years are presented to depict the quality of service 
provided to the electrical energy consumer.

Attachment B contains the definition of terms and the reliability indices explanations 
and equations.

Indices measure reliability in terms of the overall availability of electrical service 
(ASAI), the frequency or number of times HAWAI’I ELECTRIC LIGHT'S customers 
experience an outage during the year (SAIFI), the average length of time an 
interrupted customer is out of power (CAIDI), and the average length of time 
HAWAI’I ELECTRIC LIGHT'S customers are out of power during the year (SAIDI). 
SAIDI is an indication of overall system reliability because it is the product of SAIFI 
and CAIDI and incorporates the impact of frequency and duration of outages on 
HAWAI’I ELECTRIC LIGHT'S total customer base (in this case 82,872 customers).

ANALYSIS
This analysis of the annual system reliability for HAWAI’I ELECTRIC LIGHT is for 
the year 2014. To determine the relative level of reliability, the statistics for five prior 
years, 2009 through 2013, are used for comparison.

The reliability indices are calculated using the data from all sustained^ system 
outages except Customer Maintenance outages. If data normalization is required, it 
is done using the guidelines specified in the report on reliability that was prepared for 
the Public Utilities Commission, titled "Methodology for Determining Reliability 
Indices for HAWAI’I ELECTRIC LIGHT Utilities." dated December 1990. The 
guidelines indicate that normalization is allowed for "abnormal" situations such as 
hurricanes, tsunamis, earthquakes, floods, catastrophic equipment failures, and 
single outages that cascade into a loss of load greater than 10% of the system peak 
load. These normalizations are made in calculating the reliability indices because 
good engineering design takes into account safety, reliability, utility industry 
standards, and economics, and cannot always plan for catastrophic events.

^An electrical service interruption of more than one minute. (The majority of peer companies in the Edison 
Electric Institute association use a threshold of five minutes to identify sustained interruptions.)

2
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2014 RESULTS

Annual Service Reliability Indices

The reliability results for 2014 and five prior years are shown below in Table 
1: Annual Service Reliability Indices - All Events and Table 2: Annual Service 
Reliability Indices - with Normalizations. Tables 3-8 break out the events into three 
groups, Transmission and Distribution, Generation - Hawaiian Electric, and 
Generation - Other [non-utility] for all events and with normalization. Three outage 
events were normalized in 2014, including two T&D and one Generation related 
events. All subsequent comparisons and discussion are based on the normalized 
data.

Table 1: Annual Service Reliability Indices - All Events
Year 2009 2010 2011 2012 2013 2014

Number of Customers 79,679 80,171 80,800 81,537 82,068 82,872
Customer Interruptions 298,122 300,528 289,448 229,461 377,561 405,362
Customer-Hour
Interruptions 245,593 209,919 245,465 191,973 277,087 1,320,024

SAID 184.94 157.10 182.28 141.27 202.58 955.7
CAID 49.43 41.91 50.88 50.2 44.03 195.38
SAIF 3.742 3.749 3.582 2.814 4.601 4.891
ASA 99.965 99.965 99.964 99.973 99.961 99.811

Table 2: Annual Service Reliability Indices - with Normalization
Year 2009* 2010* 2011* 2012 2013* 2014*

Number of Customers 79,679 80,171 80,800 81,537 82,068 82,872
Customer Interruptions 246,226 176,252 235,520 229,461 239,369 281,467
Customer-Hours
Interrupted 195,655 170,798 235,894 191,973 155,975 222,297

SAID 147.33 127.83 175.17 141.27 114.03 160.94
CAID 47.68 58.14 60.1 50.2 39.1 47.39
SAIF 3.09 2.198 2.915 2.814 2.917 3.396
ASA 99.972 99.97 99.966 99.973 99.978 99.962

NOTE:
2009*

2010*

Data normalized to exclude 6/25 HRD UFLS 
Data normalized to exclude 9/22 Keahole ST7 UFLS 
Data normalized to exclude 12/19-20 Lightning Storm 
Data normalized to exclude 1/26 Puna Plant UFLS 
Data normalized to exclude 4/9 and 7/3 Keahole CT5 UFLS 
Data normalized to exclude 10/27 Keahole CT4 UFLS

3
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2011* Data normalized to 6/30 exclude Keahole CT4 UFLS
Data normalized to exclude Keahole CT5 and ST7 UFLS 
Data normalized to exclude 8/2 HEP UFLS 

2013* Data normalized to exclude 1/25 7600 Line fault
Data normalized to exclude 3/2, Keahole CT4 UFLS 
Data normalized to exclude 3/13 6500 Line fault 
Data normalized to exclude 6/27, 8/14 Walmea Sub upgrade 
Data normalized to exclude 7/29 Wind Storm 
Data normalized to exclude 10/26,12/30 PGV UFLS 
Data normalized to exclude 11/25 Hill 6 UFLS 
Data normalized to exclude 12/30 Lightning Storm 

2014* Data normalized to exclude 1/22 Wind Storm
Data normalized to exclude 4/12 Keahole CT 5 UFLS 
Data normalized to exclude 8/7 Hurricane Iselle

Table 3: Transmission & Distribution Events
Year 2009 2010 2011 2012 2013 2014

Number of Customers 79,679 80,171 80,800 81,537 82,068 82,872
Customer Interruptions 165,266 87,951 178,277 146,243 189,384 232,992
CID 229,869.2 161,749.1 230,936.3 184,668.8 256,892.7 1,294,789.2

SAID 173.1 121.05 171.49 135.89 187.81 937.44
CAID 83.45 110.34 77.72 75.77 81.39 333.43
SAIF 2.074 1.097 2.206 1.794 2.308 2.811

Table 4 Generation Events - Hawai’i Electric Light
Year 2009 2010 2011 2012 2013 2014

Number of Customers 79,679 80,171 80,800 81,537 8,2068 82,872
Customer Interruptions 112,196 160,866 57,396 31,421 117,362 118,641
CID 14,299 32,265.7 6,272.8 2,714.8 13,785 15,257.9

SAID 10.77 24.15 4.66 2 10.08 11.05
CAID 7.65 12.03 6.56 5.18 7.05 7.72
SAIF 1.408 2.007 0.71 0.385 1.43 1.432

Table 5 : Generation Events - Other (non-utilitv)
Year 2009 2010 2011 2012 2013 2014

Number of Customers 79,679 80,171 80,800 81,537 82,068 82,872
Customer Interruptions 20,660 51,711 53,775 5,1797 70,815 53,729
CID 1,424.8 15,903.8 8,255.7 4,589.8 6,409.7 9,976.5

SAID 1.07 11.9 6.13 3.38 4.69 7.22
CAID 4.14 18.45 9.21 5.32 5.43 11.14
SAIF 0.259 0.645 0.666 0.635 0.863 0.648
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Table 6: Transmission & Distribution Events with Normalization
Year 2009* 2010 2011 2012 2013* 2014

Number of Customers 79,679 80,171 80,800 81,537 82,068 82,872
Customer Interruptions 125,005 87,951 178,277 14,6243 125,999 141,684
CID 181,760.7 161,749.1 230,936.3 184,668.8 146,321.3 204,185.5

SAID 136.87 121.05 171.49 135.89 106.98 147.83
CAID 87.24 110.34 77.72 75.77 69.68 86.47
SAIF 1.569 1.097 2.206 1.794 1.535 1.710

Table 7: Generation Events - Hawai’i Electric Light with Normalization
Year 2009 2010 2011 2012 2013 2014

Number of Customers 79,679 80,171 80,800 81,537 82,068 82,872
Customer Interruptions 100,561 71,993 29,754 31,421 71,236 86,054
CID 12,469.8 7,733.5 3,061.3 2,714.8 6,375 8,134.9

SAID 9.39 5.79 2.27 2 4.66 5.89
CAID 7.44 6.45 6.17 5.18 5.37 5.67
SAIF 1.262 0.898 0.368 0.385 0.868 1.038

Table 8: Generation Events - Other (non-utility) with Normalization
Year 2009 2010 2011 2012 2013 2014

Number of Customers 79,679 80,171 8,0800 81,537 82,068 82,872
Customer Interruptions 20,660 16,308 27,489 51,797 42,134 53,729
CID 1,424.8 1,315 1,896 4,589.8 3,278.5 9,976.5

SAID 1.07 0.98 1.41 3.38 2.4 7.22
CAID 4.14 4.84 4.14 5.32 4.67 11.14
SAIF 0.259 0.203 0.340 0.635 0.513 0.648
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Figure 1 shows the System Average Interruption Duration Indices (SAIDI) for the 
past six years. It shows that the 2014 SAIDI is 161 minutes, a 29% increase 
compared to the 2013 SAIDI result of 114 minutes. The SAIDI is the composite of 
both the SAIFI and CAIDI indices and produces a broader benchmark of system 
reliability by combining both the duration and the number of customer interruptions 
during a given period of time.

In 2014, there were 15 sustained outages that resulted in the loss of more than 
5,000 customers:

1. January 6, 2014: Deteriorated hardware failed on the 34kV Line 3400 and 
tripped CB 3402 Kilauea during high winds, affecting 13,362 customers for up 
to 9 hours and 10 minutes.

2. January 22, 2014: Fallen tree during high winds caused 69kV Line 6500 to 
trip, affecting 12,076 customers for 2 minutes.

3. January 28, 2014: Fallen tree caused 69kV Line 9600 to trip, affecting 5,503 
customers for up to 3 hours and 10 minutes.

4. April 29, 2014: Underfrequency load shed event occurred when Keahole CT5 
tripped offline, affecting 19,054 customers for up to 9 minutes.

5. June 7, 2014: Underfrequency load shed event occurred when Keahole CT5 
tripped offline, affecting 7,043 customers for up to 3 minutes.
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Figure 3: Customer Average Interruption 
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Figure 3 shows the Customer Average Interruption Duration Indices (CAIDI) for the 
past six years. The CAIDI for 2014 is 47.38 minutes, an 18% increase compared to 
the 2013 CAIDI result of 39.10minutes. In the six year period, 2014 was the second 
best performing year for CAIDI.

The largest contributing factor for the increase in the annual 2014 CAIDI was longer 
sustained outages due to motor vehicle accidents. In 2013, CAIDI caused by auto 
accidents was 44.56 minutes as compared to 122.19 minutes in 2014.
Trees and branches also contributed to the increase, with a 2013 CAIDI of 77.32 as 
compared to 95.92 in 2014. In contrast, CAIDI due to deterioration and scheduled 
maintenance decreased in 2014 as compared to 2013.

Three major events affecting the 2014 CAIDI results were;

1. April 13, 2014 - Broken pole due to a motor vehicle accident affected 1,385 
customers in the Kapoho area and caused a sustained outage of 4 hours and 
52 minutes. This incident added .76 minutes to the annual 2014 CAIDI.

2. April 26, 2014 - Deteriorated hardware on the 34kV Line 3300 affected 2,049 
customers in North Kohala and caused a sustained outage of 4 hours and 39 
minutes. This incident added 1.7 minutes to the annual 2014 CAIDI.

3. December 24, 2014 - Broken pole due to motor vehicle accident affected 
2,957 customers in the Kahaluu area and caused a sustained outage of 3 
hours and 35 minutes. This incident added 1.4 minutes to the annual 2014 
CAIDI.
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Figure 4: System Average Interruption 
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Figure 4 shows the System Average Interruption Frequency Index (SAIFI) increased 
from 2.917 in 2013 to 3.396 in 2014. 2014 had the highest customer interruption 
occurrences of the past six years.

While underfrequency load shed events continue to be the leading cause of 
customer interruptions, the largest contributing factor for the increase in the annual 
2014 SAIFI was the rise in the number of interruptions due to equipment 
deterioration. 2013 saw 18,763 customer interruptions related to deterioration, 
compared to 33,007 in 2014. Of the 33,007 interruptions, 14,053 were also weather 
related.
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Figure 5: Average Service Availability Index
(ASAI)
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Figure 5 shows that the 2014 Average Service Availability Index was the lowest 
when compared to the prior five years. An increase of customer-hour interruptions in 
2014 shows a direct relationship to the decrease of the ASAI in 2014. The top three 
SAIDI causes (as shown in above Figure 2), trees and branches, deterioration, and 
auto accidents, also account for the top three causes of customer-hour interruptions.
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2014
SERVICE RELIABILITY SUMMARY 

Normalized
Cause of Outage CUST-

HRS
CUST-

INT
SAIF SAID CAID MAIF SAID

Rank
Tree or Branches 78253.3 48949 0.591 56.66 95.92 0.000 1
Deterioration 38491.8 33007 0.398 27.87 69.97 0.022 2
Auto Accident 38417.8 18865 0.228 27.81 122.19 0.000 3
Lightning 13759.4 6049 0.073 9.96 136.48 0.001 4
Cable Fault 10167.0 4634 0.056 7.36 131.64 0.000 5
Customer Equip 9984.4 53733 0.648 7.23 11.15 0.000 6
Faulty Equip Opn 6966.1 73101 0.882 5.04 5.72 0.000 7
Scheduled Maint 5927.0 3732 0.045 4.29 95.29 0.000 8
Unknov/n 5605.7 4411 0.053 4.06 76.25 0.135 9
Flashover 3708.6 5112 0.062 2.69 43.53 0.000 10
High Wind 3297.6 10532 0.127 2.39 18.79 0.000 11
Sys Add/Removal 2096.7 753 0.009 1.52 167.07 0.000 12
Other Persnl Err 2035.6 15617 0.188 1.47 7.82 0.000 13
Tsf Failure 1260.1 903 0.011 0.91 83.73 0.005 14
Equip Overload 882.5 750 0.009 0.64 70.60 0.000 15
Flood Tsunami 370.8 50 0.001 0.27 445.00 0.000 16
Excavate Constr 358.8 590 0.007 0.26 36.49 0.000 17
Loose Connection 350.0 115 0.001 0.25 182.61 0.000 18
Man or Animal 107.6 51 0.001 0.08 126.55 0.000 19
Forced Maint 104.3 390 0.005 0.08 16.05 0.000 20
Equip Failure 102.0 92 0.001 0.07 66.52 0.000 21
Fire 18.8 16 0.000 0.01 70.50 0.000 22
Equip Contact 11.9 5 0.000 0.01 142.20 0.000 23
Vandalism 10.6 1 0.000 0.01 636.00 0.000 24
Foreign Objects 4.9 6 0.000 0.00 49.00 0.000 25
Balloon/Kite 3.7 3 0.000 0.00 73.00 0.000 26
Tsf Overload 0.0 0 0.000 0.00 0.00 0.000 27
Opn or Sw Error 0.0 0 0.000 0.00 0.00 0.000 28
Transfer Load 0.0 0 0.000 0.00 0.00 0.000 29
Balance Load 0.0 0 0.000 0.00 0.00 0.000 30
Customer Maint 0.0 0 0.000 0.00 0.00 0.000 31

TOTALS 222297.0 281467 3.396 160.94 47.39 0.164

NUMBER OF CUSTOMERS FOR THE PERIOD = 82872 ASA = 99.962°/
SAIF = SYSTEM AVERAGE INTERRUPTION FREQUENCY 
SAID = SYSTEM AVERAGE INTERRUPTION DURATION 
CAID = CUSTOMER AVERAGE INTERRUPTION DURATION 
MAIF = MOMENTARY AVERAGE INTERRUPTION FREQUENCY 
THE OUTAGE CAUSES ARE LISTED IN ORDER OF ITS SAIF 
Run 7/23/2015 10:33:54 AM

A-1
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2014
SYSTEM INTERRUPTION CAUSE REPORT 

Normalized
CAUSE No. of Interruptions Customer Hours

NON-CONNECTED SYSTEM (Totals) 670 24.98% 127542.5 57.37%
Tree or Branches 486 18.12% 78253.3 35.20%
Customer Equip 83 3.09% 9984.4 4.49%
Auto Accident 66 2.46% 38417.8 17.28%
Man or Animal 13 0.48% 107.6 0.05%
Excavate Constr 12 0.45% 358.8 0.16%
Fire 3 0.11% 18.8 0.01%
Equip Contact 3 0.11% 11.9 0.01%
Flood Tsunami 1 0.04% 370.8 0.17%
Foreign Objects 1 0.04% 4.9 0.00%
Balloon/Kite 1 0.04% 3.7 0.00%
Vandalism 1 0.04% 10.6 0.00%
Transfer Load 0 0.00% 0.0 0.00%
Balance Load 0 0.00% 0.0 0.00%

ERROR (Totals) 32 1.19% 2035.6 0.92%
Other Persnl Err 32 1.19% 2035.6 0.92%
Opn or Sw Error 0 0.00% 0.0 0.00%

WEATHER (Totals) 179 6.67% 17057.1 7.67%
Lightning 148 5.52% 13759.4 6.19%
High Wind 31 1.16% 3297.6 1.48%

EQUIPMENT FAILURE (Totals) 513 19.13% 60668.0 27.29%
Deterioration 231 8.61% 38491.8 17.32%
Cable Fault 154 5.74% 10167.0 4.57%
Faulty Equip Opn 97 3.62% 6966.1 3.13%
Loose Connection 19 0.71% 350.0 0.16%
Fiashover 6 0.22% 3708.6 1.67%
Equip Failure 4 0.15% 102.0 0.05%
Equip Overload 2 0.07% 882.5 0.40%

TRANSFORMER FAILURE (Totals) 64 2.39% 1260.1 0.57%
Tsf Failure 64 2.39% 1260.1 0.57%
Tsf Overload 0 0.00% 0.0 0.00%

UNKNOWN AFTER TESTS AND INSPECTIONS (Totals) 85 3.17% 5605.7 2.52%
Unknown 85 3.17% 5605.7 2.52%

MAINTENANCE (Totals) 1052 39.22% 6031.3 2.71%
Scheduled Maint 1023 38.14% 5927.0 2.67%
Forced Maint 29 1.08% 104.3 0.05%

SYSTEM ADDITIONS OR REMOVALS (Totals) 87 3.24% 2096.7 0.94%
Sys Add/Removal 87 3.24% 2096.7 0.94%

TOTALS 2682 222297.0

NOTES: OUTAGES WITH ZERO CUSTOMER HOURS OR DUE TO CUSTOMER MAINTENANCE ARE NOT INCLUDED IN THE 
REPORT.
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Asset Management Approach

Asset management has come to be known as the process of managing utility assets with a 
balanced perspective of the Company, customers, regulators and employees. Asset management 
is an integrated set of processes used to minimize life cycle costs of infrastructure assets at an 
acceptable level of risk, while continuously delivering established levels of service. Asset 
management maximizes the value of an asset through informed decision-making regarding the 
maintenance and replacement of the asset over a period of time.

The life cycle cost of an asset is the total cost of owning that asset until it is replaced.
Minimizing the life cycle costs is the practice of employing maintenance of the asset and other 
life extension strategies that will result in the lowest average annual “owning” cost of the asset. 
Eor example, one scenario is to install an asset, do nothing else to it and let it run to its failure 
and then be replaced. Essentially, that scenario results in an average-annual-owning cost of the 
purchase price divided by the life of the asset. However, cost effective maintenance can be 
performed that extends the useful life which will cover the maintenance cost as well as result in a 
lower cost of owning than letting it fail and replacing it on a reactive basis. Eor example, 
changing the oil in an automobile engine is generally regarded as a life extension practice that 
extends the life of an engine and results in a lower annual owning cost for the automobile.

In asset management, an acceptable level of risk means that a balance is struck between creating 
a zero risk situation and a situation with low enough risk and consequence to be tolerable by the 
stakeholders who would be affected. Creating a zero risk environment that would eliminate the 
risk of failure and impact to stakeholders is practically impossible and prohibitive in cost. The 
asset manager strives to mitigate the risks and consequences of asset failure with analysis of the 
risk elements and implementing cost effective asset strategies that aim to reduce those risks to a 
level that would be judged to be acceptable. Having a major substation transformer fail with no 
available spare to replace it is, for example, an unacceptable risk because customers could be 
without power until a spare is obtained which may take between 50 and 90 weeks. This is 
unacceptable to the customer, so a utility asset manager arrives at an acceptable level of risk by 
keeping spare transformers on hand. Analysis of failure history and random failure occurrence 
such as performed in a Monte Carlo analysis will help the asset manager determine the number 
of spares that should be kept.

Established levels of service refer to the general level of service that Hawai'i Electric Light’s 
customers and other stakeholders (e.g., communities, businesses) have come to expect.

Informed decision-making means arriving at decisions with defensible and transparent analysis 
of all pertinent data. It is the process of using all inputs available to a decision-maker such as 
experience, sound judgment, data analysis, underlying trends, and stakeholder requirements, to 
make the most informed and transparent decisions. As explained further below, gathering and 
analysis of data relevant to each asset class^ is crucial for successful asset management.

^ An asset class is a collection of similar equipment types, for example, overhead conductor is an asset class. Other 
asset classes also include underground conductors and circuit breakers.
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There are three principle reasons a utility would want to implement an asset management 
program, namely, the importance of managing risk, reliability and cost.

• Managing Risk. Understanding the present and anticipated future behavior of the 
assets installed on the utility system allows the asset manager to weigh the 
relative risks and consequences of asset failure from a reliability, safety, and 
community experience perspective and allows for prudent spending decisions to 
deal with those risks.

• Maintaining Reliability. Quality of electric service is often measured in terms of 
reliability performance. To address the risk of increased failures and deterioration 
of reliability performance as assets approach end-of-life, asset management 
provides a framework to determine a cost effective strategy, including asset life 
extension, planned asset replacement programs or run to failure.

• Controlling Costs. Utilities can reduce risk and improve reliability; however, 
managing system reliability and risk within the asset management framework 
requires that costs are managed within the limits that a utility’s shareholders, and 
regulators are willing to allow.

Asset management focuses on each critical asset in the electrical infrastructure, individually and 
collectively. A thorough understanding of each asset class is necessary to develop a strategy for 
maintenance and replacement. An understanding of the number of assets installed, their general 
location, age distribution, operating conditions and a detailed history of asset failures provides 
the baseline information needed for developing an asset management strategy.

The impact or consequences of an asset failure must be clearly understood. Asset failures that 
could impact a greater number of customers would have more impact to overall reliability and 
customer satisfaction (the “customer experience”) than those that serve very few customers. The 
impact is determined based on historical performance and consequences from failures of 
individual assets in each class. In addition, the asset type as well as the relative location of the 
asset in the electrical system contributes to the assessment of the failure impacts.

forecasting future failures is a highly complex, analytical process. Using information on 
historical failures, combined with an understanding of the impact of age and condition, a 
prediction of future asset failures and the subsequent impact to customer experiences can be 
developed. While the analytics of determining these failure prediction curves are complex, the 
results provide a reasonably accurate representation of the future failure expectations for the 
asset based on relevant data and reliable analytical techniques.

With a clear understanding of the assets and their anticipated performance in the future, the asset 
manager is able to develop an overall strategy for managing those assets throughout their life 
cycle. The goal of the asset manager is to develop a balanced approach to the long-term 
management of key asset categories that takes into account cost, reliability, risk of failure and 
failure consequences, failure consequences could result in potential outages to customers, 
disruption of commerce, blockage of roadways, adverse environmental impacts, and possible 
public safety concerns. The asset manager evaluates different scenarios to determine which 
scenario best balances these elements. Typical scenarios that are studied include:



HELCO-820
DOCKET NO. 2015-0170 
PAGE 3 OE 5

• Run to Eailure - Where asset failure has little or no impact on the key drivers of asset 
management, a scenario that allows assets to fail over their normal lifetime is considered. 
This is not uncommon for some assets that do not impact reliability or overall risk in a 
meaningful manner.

• Proactive Replacement Strategy - This scenario is the opposite of run to failure. It 
attempts to replace all assets before failure, based on a variety of indicators, such as age 
and observed or tested condition.

• Life Extension and Replacement - This scenario aims to extend the life of the asset using 
proven methods. Assets are evaluated through an inspection and testing process that 
reveals the likelihood that life extension is a viable and cost effective option. Life 
extension involves use of asset maintenance practices appropriate for the specific asset 
under consideration. When the inspection process indicates that the asset is not a 
candidate for life extension methodologies, then replacement is recommended, generally 
within a defined timeframe.

Asset inspection and preventive maintenance involves a combination of two different 
methodologies: time-based maintenance and condition-based maintenance. Time-based 
maintenance dictates that a particular maintenance action is performed on the asset after a 
predefined period of time (months or years) has elapsed. An example of that is the oil change 
recommendation for automobiles. The manufacturer recommends that the oil be changed after a 
predefined number of miles or a period of time has elapsed. The condition of the oil and its 
protective properties are unknown, but the time or mileage period acts as a proxy for the oil 
condition. Condition-based maintenance is predicated on knowing the asset’s condition. In the 
oil change example, knowing the oil viscosity, content of solids, and other attributes of the oil 
would allow the automobile’s owner to make a more informed decision about when the 
maintenance should be performed. However, as demonstrated in the oil change example, data 
and operational information is required to implement a condition-based strategy, but costs to 
obtain this information may be prohibitive.

When it is convenient and cost effective to learn the actual condition of the asset before making a 
maintenance decision, a condition-based assessment is preferred. In the oil change example, the 
cost of the oil inspection to determine its condition is neither convenient for the owner, nor is it 
cost effective in comparison to the cost of replacement. In the asset management process, each 
asset or asset category is evaluated to determine whether a time-based maintenance plan or a 
condition-based maintenance plan is most appropriate.

The most appropriate strategy is chosen based on evaluations of the costs, impact on reliability 
and risks associated with each possible scenario for each particular asset class. Often a 
combination of scenarios is chosen as the recommended strategy for the overall asset class. Eor 
example, some assets within a class that have low risk or low consequences resulting from 
failure may use a run to failure option, whereas other assets in the same asset class in critical 
locations or that affect larger numbers of customers may be subject to a life extension and 
proactive replacement.
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Hawai'i Electric Light recognizes that its equipment exists to serve its customers, and that all 
actions in connection with its operations and maintenance must be based on sound business 
considerations to properly achieve the mission of providing safe, reliable, uninterrupted service 
to its customers. An asset management program is necessary to address the Company’s aging 
T&D system infrastructure, assure reliability, and mitigate potential liability risks due to failures 
in an orderly fashion.

The Distribution Department has a variety of programs and initiatives that it currently employs in 
an effort to continuously maintain, improve, and enhance the Company’s grid reliability. The 
programs to proactively address the leading causes of outages to the T&D system are the 
vegetation management program, overhead inspection program, underground inspection 
program, substation inspection program, substation maintenance program as well as overhead 
and underground maintenance programs. Most of these programs were initially developed as 
stand-alone programs.

An asset management program enables the Distribution Department to take a more integrated 
approach to managing its assets, which will help to reduce cost and improve efficiency in 
maintaining the T&D systems. The goal in developing a focused asset management strategy is to 
manage Hawai'i Electric Light’s operational and financial risks, along with its O&M and capital 
spending on asset classes within its infrastructure in order to attain the greatest reliability 
improvements for the resources allocated. The program is designed to minimize the life cycle 
costs of T&D infrastructure at an acceptable level of risk, while continuously delivering 
established levels of service to Hawai'i Electric Light’s customers.

Existing programs that the Distribution Department utilizes to maintain its assets and other life 
extension strategies will be incorporated into the asset management program. By employing an 
asset management approach, the Distribution Department utilizes a data-driven, analytical means 
to identify infrastructure critical to Hawai'i Electric Light and its customers, to develop a long­
term strategy and short term tactical plans to ensure that the reliability expectations and 
consequences of asset failure are managed in a cost-effective manner.

The Company’s asset management process is a continuous improvement process guided by the 
development of an asset strategy for each major asset class. The strategy establishes the 
objectives, goals, and tactics for managing a particular asset type. The strategy is highly 
dependent on the availability of asset data. Asset data must be collected and analyzed to ensure 
the integrity of the data. The data is used to characterize the asset count, asset age profile, asset 
model diversity, asset design attributes, and asset condition. Along with the asset data, asset 
issues and failure modes are studied to understand failure probabilities and consequences. The 
combination of probability and consequence determines the asset risks. Different scenarios are 
developed to investigate the available maintenance and replacement tactics in terms of the 
resultant life cycle costs. A complex scenario probabilistic analysis, completed by a qualified 
consultant in collaboration with Hawai'i Electric Light staff, provides expected life cycle cost 
results to allow decision makers to choose a selected scenario.



HELCO-820
DOCKET NO. 2015-0170 
PAGE 5 OE 5

Once a scenario is selected and the strategy is completed, an Implementation Plan (“IP”) is 
drafted for the strategy. The purpose of the IP is to identify how the goals and objectives 
approved in the strategy plan will be implemented. The IP first presents an overview of the 
strategy and selected scenario that identifies the asset goals. It then identifies the implementation 
team and the roles and responsibilities for all those on the team. Next, implementation goals are 
established. Once the goals are agreed upon, the implementation team identifies the replacement 
schedule, processes, expected progress, milestones, required resources and materials needed to 
implement the objectives of the strategy plan. The IP also is then used to establish the periodic 
reporting requirements to inform team members and management of the progress relative to the 
implementation plan. Lastly, the IP establishes the data collection expectations for the assets to 
facilitate reporting and performance relative to the plan.

The final step in the asset management process is an evaluation of the performance relative to the 
strategy and IP. This is an important step in the process that facilitates continuous learning. It is 
the point in the process where performance is measured against the plans that were established 
and recommendations are made for adjustments to the plan to increase the benefits to all the 
stakeholders. The evaluation begins with an overview of the strategy and IP. Then the 
performance results for the prior year are compared against the IP and strategy to determine if 
the organization has been effective in implementing the plan and if adjustments or revisions are 
required for the strategy. Once the performance analysis is complete then recommendations are 
made for asset program revisions and next steps are identified.

Currently, strategies have been developed for poles, underground cable, transmission breakers, 
distribution breakers (switchgear and reclosers), substation transformers, and Cellon pole 
hardware. In the period from 2016 to 2018, the Company will develop a Transmission Line 
Strategy and the Company’s performance relative to the previously developed strategies will be 
evaluated. After the evaluations are completed, adjustments to the strategies will be made where 
needed thereby fulfilling the continuous improvement objective of the Asset Management 
process.
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This section provides a detailed description of the asset purpose, function, types, and subcategories to 
be included in the asset strategy.

2.1. Asset Definition

The wood pole asset includes all transmission, sub-transmission, and distribution poles. Ninety six 
percent of the wood poles are made from Douglas firs, while the remaining 4% are made from various 
pines and cedars. Transmission lines are the backbone of the Hawaii Electric Light system. Maintaining 
the transmission system is critical since it is a closed system with no interconnections to other utilities.

Figure 2-1: Wood Pole

Transmission poie with Distribution underbuiid - Poie 30 Hwy 180
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2.2. Asset Scope

This analysis focuses on wood poles. The analysis does not include steel pole structures, steel and 
aluminum lattice towers, or fiberglass structures. Attachments to the wood poles, such as cross arms, 
insulators, guys, anchors, and shield wire attachments, are also not included as a part of this asset plan.
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3. Asset Issues

This section describes the main issues with the asset and provides a context for subsequent sections of 
the analysis.

In general, the wood pole population on Hawaii Electric Light's system is well maintained. However, 
there are particular issues with respect to an aging wood pole population, termites, and Cellon poles. 
Each of these issues is discussed in more detail below.

Asset Age Issues
Aging Asset Population - Hawaii Electric Light has wood poles as early as 1919 on its distribution 
system. The average age of its wood pole population is 33 years. Life expectancy of wood poles 
range from 40-55 years depending on its location. Figure 3-1 below identifies the average service life 
of a wood pole in various parts of the United States. The island of Hawaii is located in Zone 5. As 
such, the average service life of a wood pole in Hawaii would be expected to be approximately 40 
years.

Figure 3-1: Decay Hazard Zones for the U.S.

Average Service Life
49.8 years
56.8 years 
44-5 years

B��?���OOO�3��3�1�������1���3���3��1���?�R1��O33,�?3�1��>1�N��1�,���
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Concentrated Age Distribution - Based on the pole age profile shown in Figure 4-2, Hawai'i Electric 
Light purchased a large number of poles within a 10-year period from 1987 through 1996. Given this 
relatively narrow purchase period, allowing the population of wood poles to exceed their average 
service life could lead to an unmanageable number of pole failures within a short time frame. This 
could result in large capital and labor resource requirements, decreased reliability resulting in 
decreased customer satisfaction, and strained regulatory relations. Ultimately, Hawai'i Electric 
Light's corporate image could be negatively impacted.

Termite Infestation
Termi-Mesh - Hawai'i Electric Light continues to battle termite infestations on various parts of the 
island which are shown in the figure below. Wood poles located in these areas are susceptible to 
subterranean termites that enter through flaws in the pole. These flaws may be cracks in the pole, 
nail holes, or holes that are drilled into the pole to name a few. To mitigate termite infestation, 
poles in the highlighted areas are fitted with a termi-mesh sock. Wood pole installations in all other 
areas do not require a termi-mesh sock since adequate protection against termite infestation is 
provided by the pesticide used in the pole preservative treated from the manufacturer.

Figure 3-2: Termite Mitigation Map

aiAi

}�.kr

I' 14"-,
*Termite�infested�areas�are�identified�by�the�iabels�surrounding�the�isiand�in�aii�capital�letters.
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Cellon Poles

Deterioration of Equipment on Cellon Poles - Cellon poles refer to wood poles that are treated 
using an elevated pressure process which forces butane mixed with a pentachlorophenol 
preservative into the wood. Through this process, the butane evaporates leaving the preservative 
within the wood. Hawai'i Electric Light began using poles treated by this process in 1966 and 
continued using Cellon poles until 1986. Previous to 2009, Hawai'i Electric Light noticed a number of 
galvanized bolts failing prematurely. Ultimately the Company determined that this phenomenon 
was only happening on Cellon poles. Pentachlorophenol salt remaining in the pole is known to react 
with galvanized steel and aluminum^''™'''resulting in the penciling effect shown in 
Figure 3-3. In order to mitigate the risk, Hawaii Electric Light decided to replace all bolts installed 
on Cellon poles. It was determined to be more cost effective to replace the bolts since many of the 
Cellon poles had a number of years left until the end of its service life. In addition, Hawai'i Electric 
Light determined that they can mitigate the risk of hardware failure quicker by replacing the bolts 
rather than replacing the pole. This effort will continue to be executed, but will be treated as a 
separate initiative to the wood pole strategy that is outlined in the document. Though, if upon 
inspection of bolts on a Cellon pole, the Company determines that the pole has deteriorated,
Hawai'i Electric Light may choose to replace the pole.

Figure 3-3: Penciling Effect on Bolts from a 1970's Cellon Pole
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4. Asset Base

This section provides an overview of the asset population. The asset counts are based on available data 
and estimates from subject matter experts.

4.1. Asset Counts

There are approximately 67,000 poles installed on the Hawai'i Electric Light system that have been 
catalogued in Hawai'i Electric Light's database, Fastgate. As of December 2014 Hawai'i Electric Light has 
completed the pole inspection program's first full cycle. This analysis focused on known information 
stored in Fastgate and the inspection results from the first complete inspection cycle.

Table 4-1: Pole* Population by Type

Pole Type Locations
Transmission 7957
Sub-Transmission 1375
Distribution 57693

Total 67025

Source: Hawaii Electric Light's Fastgate Application 
*These numbers include all material types including steel and fiberglass

Figure 4-1 shows the transmission lines connecting these districts across the island in four different 
routes, a Northern route from Hilo to Waimea, a Southern route from Hilo to South Point and two lines 
that bisect the island between Mauna Kea and Mauna Loa mountains.

Table 4-2: Pole Population by Area and Type

Pole Type Hilo Waimea Kona

Distribution 36320 8149 13224

Sub-Transmission 859 516 0

Transmission 3572 2162 2223

Total 40751 10827 15447

Source: Hawai'i Electric Light's Fastgate Application
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Figure 4-2: Age Distribution of Wood Poles by Type

■ Distribution Wood Poles ■ Subtransmission Wood Poles y Transmission Wood Poles

4,000

Age (years)

�3���1�  ��O��<�  $�1�����  -�RB�<� )���R��1  '??������3�

Hawai'i Electric Light purchased a large number of wood poles between 1987 and 1996. A significant 
increase in pole failures can result in twenty to thirty years as these poles simultaneously approach the 
end of life. The average age for the installed population of wood poles is 33 years.
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5. Asset Performance

This section provides asset failure definitions, objectives, rates, and causes.

5.1. Asset Failure Definition

The type of failure mode addressed in this strategy is all poles that fail inspection through the pole 
inspection program. Poles fail inspection when there is deterioration that affects the integrity of the 
pole. Shell thickness is used to determine the condition of wood poles. As wood poles age they lose 
some of their strength. However, some poles, regardless of age, become exposed to termite 
infestations, fungus, or moisture that can, overtime, cause the core of the pole to deteriorate. In most 
cases, the pole will deteriorate from the core outwards, as seen in Figure 5-1 below. As the core 
deteriorates the pole becomes hollow leaving only the shell, or outside layer of the pole, to support the 
conductors. At some point, as more of the core of the pole deteriorates, the outside shell will decrease 
to the point where the pole will not be able to support the conductors resulting in pole failure. A visual 
inspection of the pole will not identify core issues.

Poles failures that are caused by outside forces, which exceed the design standard of the pole, are not 
treated as a pole failure as defined in this document. Examples of outside forces can be, but are not 
limited to, cars running into poles, earthquakes, and major storms.
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Figure 5-1: Example of a Deteriorated Core on a Wood Pole
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5.2. Expected and Measured Service Life

As stated earlier, wood poles are expected to have a mean service life of approximately 40 years in the 
state of Hawaii. This means that on average half of the wood poles installed will fail before they are in 
service for 40 years and half will fail sometime after they have been in service for 40 years. Hawaii 
Electric Light has completed a full cycle of inspections for the poles in their service territory. The results 
of these inspections indicate that poles on the island of Hawaii have a measured service life that is 
shorter than the expected service life for the state. Poles in the Hawaii Electric Light service territory 
were measured to have a mean service life of 35 years.

5.3. Asset Failure Rates

The results of the Hawaii Electric Light first full cycle of pole inspections was used to develop failure 
probability for poles on the island of Hawaii. The wood pole failure probabilities are presented in Figure 
5-2.
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6. Current Practices

This section provides a description of current practices for asset inspection, maintenance, life extension, 
replacement, spares, and new installations.

6.1. Inspection

Wood poles are inspected on a 10 year cycle as part of a routine inspection program executed through 
Osmose, Inc. The pole inspection includes a visual inspection, and depending on the condition observed, 
further tasks may be performed. An example of a pole that has failed visual inspection is shown in 
Figure 6-1 below.

The sound and bore process is a two-step process where the pole is hit with a hammer to quickly 
determine if there are any signs of deterioration within the core. Trained inspectors can determine if 
there is core damage based on the sound the pole makes when struck with a hammer. If the inspector 
believes there is core damage, they would proceed to bore the pole. This is a little more invasive in that 
the inspector will drill into the pole to measure the remaining shell thickness to determine the integrity 
of the pole.

Figure 6-1: Example of a Pole that has Failed Visual Inspection
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Upon completion of the inspection the pole is tagged to identify the year the inspection took place. An 
example of an inspection tag is shown in Figure 6-2 below.

Figure 6-2: Example of an Inspection Tag 

*

6.2. Maintenance and Life Extension

When the pole is inspected, if there are problems found, there are a number of methods to extend the 
life of the pole. Once the test is complete they will determine whether to inject chemicals into the pole 
to stop the deterioration and prolong the life of the pole or to just plug up the hole to prevent termites 
and water from ingression into the pole. An example of a completed sound and bore process on a wood 
pole is shown in the Figure 6-3 below along with an example of the internal treatment tag.

Hawai'i Electric Light 
Asset Strategy 
Wood Poles

V4.00 February 2013



HELCO-821 
DOCKET NO. 2015-0170 

Page 23 of 43
Hawai‘i 
Electric
Light Company Confidential

Figure 6-3: Example of Sound and Bore with Internal Treatment Tag

I
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Deterioration, or shell rot, around the base of the pole can be arrested with an external treatment. This 
treatment requires excavating around the base of the pole then removing the rot, shown in Figure 6-4 
below. After the base has been exposed, the pole is wrapped with a preservative bandage designed to 
protect the pole against decay at the critical ground-line area. This wrap contains a water soluble 
preservative that penetrates deep into the wood to create a barrier that prevents additional decay.

Figure 6-4: Excavation and Removing Rot Example
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Poles can also be identified as restorable in which a truss is installed to prolong the life of the pole. 
Trussing is done when the structural integrity is compromised locally but the rest of the pole is sound.
An example of a pole with a c-truss is shown in Figure 6-5 below.

Figure 6-5: Example of a C-Truss
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6.3. Replacement

If a failed wood pole cannot be repaired it will be identified for replacement. The Construction and 
Maintenance department then works with the Engineering Department to schedule the replacement.
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A failed wood pole will be replaced like-for-like. This is Hawaii Electric Light's procedure for a wood pole 
replacement and was used in analyzing the future replacement costs in this document. The standard 
distribution pole for Hawaii Electric Light is a 45 foot class 2 pole. Standard transmission poles are 70 
foot class 2. If the pole is going to be installed in an identified termite infested area then it will also be 
installed with a termi-mesh sock.

6.5. Pole Stock Level

The Construction and Maintenance and Engineering departments work with the Warehouse staff to 
ensure that sufficient pole inventory is available for the replacements scheduled in the upcoming 
months. Since shipment of wood poles to the island of Hawaii takes 8 to 12 weeks, it is important to 
have enough poles in inventory to accommodate changes in scheduled project work and unforeseen 
events. In cases where stock is insufficient, Hawaii Electric Light can acquire poles from Maui Electric 
Company and Hawaii Electric within one week. All pole stock received from the other utilities must be 
replaced by Hawaii Electric Light within 6 months of the date the transaction took place.
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7. Risk

This section provides an assessment of risks posed by failure of the asset. Subsequent sections will focus 
on options to eliminate or mitigate these risks.

As described in Section 3, "Asset Issues", wood poles have issues with Cellon treatment types, termite 
infestations, fungus rot, and asset age. The Cellon treatment issue is being addressed as a separate 
initiative. Termite infestation is being addressed by fitting the new wood poles with a termi-mesh sock 
in areas with known infestation. An external treatment of excavated areas addresses fungus rot. The 
asset age issue will cause problems in the future as the average age of the population continues to 
increase from year to year. Currently Hawai'i Electric Light is replacing approximately 200 non-restorable 
poles a year. With the current estimated asset population that would mean it would take more than 300 
years to replace all 67,000 wood poles. Wood poles will not last 200 years which means Hawai'i Electric 
Light would experience an increasing number of pole failures over time.

To further understand the implications of not increasing the number of poles proactively replaced in the 
coming years, the failure curves described in Section 5.3 can be used to estimate the pole age profile in 
20 years. Figure 7-1 shows the age profile in 2034 with a large percentage of the population exceeding 
the mean service life. Figure 7-2 provides the increasing number of poles rejected during inspection 
each year if only these reactive replacements are performed.
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Figure 7-1: Expected Age Profile in 2034 for Replacing Poles Rejected During Inspection Each

Year

3.000 

2,500

S 2,000 

2 1,500
O

1.000 

500

H Distribution Wood Poles 

y Transmission Wood Poles

Subtransmission Wood Poles

I j

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 101
Age (years)

Figure 7-2: Poles Rejected Each Year with Reactive Replacements Only

Year Poles
Rejected

2015 203
2016 215
2017 231
2018 229
2019 240
2020 249
2021 262
2022 1 279
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2023 298
2024 308
2025 321
2026 336
2027 351
2028 366
2029 388
2030 398
2031 412
2032 415
2033 424
2034 435

Risks of continuing business as usual with pole replacements can have a negative impact on multiple 
facets of Hawaii Electric Light. These risks are described and assessed in the table below.
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This section provides analysis of the asset management options to address the age and risks posed by 
the asset.

8.1. Description of Methodology and Assumptions

The software tool used for this analysis was Davies Consulting's Asset Life Cycle Analysis (ALCA) model, 
shown in Figure 8-1, which allows "what-if" analyses of different asset replacement and life extension 
strategies in order to understand the financial and reliability risk implications. Results from this analysis 
can be used to identify "best" strategies for maintaining or replacing aging assets or groups of assets, 
help Hawai'i Electric Light understand the reliability impacts, and determine capital and operations and 
maintenance (O&M) requirements of asset lifecycle management strategies.

Figure 8-1: Asset Life Cycle Analysis (ALCA) Model Home Screen

consuliing Asset Life
Cycle Analysis a ^

Change Password Logout

Home
Data

Deftult Parameters 
Asset Inventory 
FaSure Curves 
Reli^illt/ Impact Strategies 

Scer^arios 
Run Slmiiation Monita- 
Results

AJ.CA User's Manual

Welcome
Next: Data!

Welcome to the Asset Life Cycle Analysis tool. With this system you can:

• Manage your data
0 Set default values for parameters such as inflation rate 
o Upload asset inventory datasets 
0 Customize asset failure curves 
0 Specify effects of failures on customers 
0 Define replacement and maintenance strategies

• Set up simulation scenarios
• Laurrch simulations
• Monitor simulation progress
• Review simulation results

S1ralB0a

SMUUOiMMunaNwttu it.
^ EXTEND'

VrWrW.EXTtHOSIM.COM Copyright (c) 2007 Davies Consulting, Inc. All rights reserved

The first set of information that the model requires is the asset inventory. The inventory is grouped in 
five year age bins and uploaded into the model. For the purposes of this analysis, Hawai'i Electric Light's 
wood pole data was separated into two separate groups, distribution and transmission, in order to 
address the significant difference in replacement costs between the two.
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The costs to replace a pole are important in determining the overall costs of implementing a reactive or 
proactive strategy. Costs vary from project to project and are determined by the size of the pole the 
equipment that is designed to be installed on the pole and additional preventative measures that 
Hawaii Electric Light deems beneficial to maintain the life of the pole. For modeling purposes two types 
of construction were modeled and an average cost was calculated. The table below lists the equipment 
used and its associated cost.

Table 8-1: Cost Assumptions

Pole Type

Transmission

Equipment

• 70 foot pole Class 2 with termi-mesh sock
• Single circuit 69kV vertical framing w/ static shield wire & grounding

Average Average
Installation Cost Inspection Cost

$21,512

Distribution
• 45 foot pole with termi-mesh sock
• 3-wlre 12.47 kV primary conductors on cross arms $10,100

Neutral with grounding

8.2. Scenarios Evaluated

A total of 7 scenarios were evaluated which have varying levels of proactive strategies. Hawaii Electric 
Light is looking to levelize the age profile so that in time a consistent replacement schedule will be 
possible. This will make planning, budgeting, manpower resources, and inventory storage easier to 
manage from year to year. This can be achieved by focusing on the age profile at the end of the 20 year 
analysis period.

All scenarios assumed the current 10-year inspection and maintenance practices continue. In addition, 
it is assumed that the Company reactively replaces any pole that fails outside of the inspection program.

All of the scenarios listed in Table 8-4 were evaluated over a 20 year period. The reactive replacement 
only base case is the minimum number of poles that have failed the pole inspection program in any 
given year. This represents the minimum number of poles that will need to be replaced reactively. Each 
of the scenarios listed in Error! Reference source not found.3 contain the reactive only base case as well 
as a proactive replacement strategy to manage the asset population over time.

Figure 8-2: Scenarios Evaiuated

Scenario Description
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20 Year Total 20 Year Total
Costs ($M) Poles Replaced

3) Reactive replacements and proactive 
replacements of all poles older than 55 years

$299.69 23,537

$253.56
4) Reactive replacements and proactive 
replacements of all poles older than60 years

19,737

5) Reactive replacements and proactive 
replacements of all poles older than 60 years old 
capped at 800 poles for the first 10 yrs. with a ramp 
up of an additional 100 Poles a year for years 11-20

$253.08 19,690

6) Reactive replacements and proactive 
replacements of all poles older than 60 years old 
capped at 1000 poles for each year

$229.54 17,359

7) Reactive replacements and proactive 
replacements of all poles >60 years old capped at 
1200 poles for each year

$247.72 19,159

After the initial analysis was complete for all of the scenarios, the results were evaluated and the top two 
scenarios were compared to the base case and presented to the stakeholder team. These two scenarios 
provided acceptable age profiles, and annual pole replacements. Discussions focused primarily on the age 
profile as the rate impact to the customer ranged between 1 and 2 cents per kWh over the next 20 years. In 
the first year of this program there is a .08 to .11 of a cent increase to the kWh rate. The following table 
shows the 20 year forecast for these scenarios.

Table 8-2: Comparison of Top 2 Scenarios to the Base Case

Number of Poles Replaced 
5)

Replace 
.. _ , All Poles

1) Base

2015 203

4) Replace 
All Poles 
Over 60 

Years Old

1,259

Over 60 
Capped 
at 800 
then 

Ramping 
Up

800

Total Cost

5) Replace All 
4) Replace All Poles Over 60 

1) Base Case Poles Over 60 Capped at 800 
Years Old then Ramping 

Up

Rate Impact (C/kWh)

1) Base

$2.91 $16.93 $9.67 0.05

4) Replace 
All Poles 
Over 60 

Years Old

0.11

5) Replace 
All Poles 
Over 60 

Capped at 
800 then 
Ramping 

Up

0.08
2016 949 778 $3.06 $17.25 $10.94

Hawaii Electric Light 
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1) Base 
Case

4) Replace 
All Poles 
Over 60 

Years Old

Over 60 
Capped 
at 800 
then 

Ramping 
Up

Total Cost

5) Replace All 
4) Replace All Poles Over 60 

1) Base Case Poles Over 60 Capped at 800 
Years Old then Ramping 

Up

Rate Impact (C/kWh)

1) Base 
Case

4) Replace 
All Poles 
Over 60 

Years Old

5) Replace 
All Poles 
Over 60 

Capped at 
800 then 
Ramping 

Up

0.64 1.90 1.87

2033 424 1,279 1,386 $5.57 $14.36 $15.44 0.68
1.98 2.00

2034 435 1,502 1,550 $5.72 $18.33 $18.81 0.72
2.11 2.13

Total 6,360 19,737 19,690 $85.99 $253.56 $253.08 ■^1
As previously stated, the focus of this strategy plan is primarily to add a proactive replacement strategy 
to the reactive replacements that will effectively manage the asset in future years.

Hawai'i Electric Light 
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Figure 8-5: Base Case Age Profile in 2034
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Figure 8-5 shows the expected age profile 20 years from now (2034) for the base case. Figures 8-6 and 
8-7 show the expected age profile for the top two scenarios in 2034. The reactive base case scenario 
shows that the replacements are not aggressive enough resulting in an overall aging of the population to 
an average age of 51 years in 2034. The second scenario reduces the overall age of the population, but 
the aggressiveness of the strategy creates large peaks and valleys in terms of the number of poles 
replaced each year. This variation in annual replacement numbers results in a less efficient proactive 
replacement program. The third scenario reduces the overall age population to an average age of 36 
years and starts to create a manageable replacement schedule each year.
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Figure 8-5: Base Case Age Profile in 2034
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Figure 8-5: Scenario 4 Age Profile in 2034
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9. Proposed Option

Based on the analysis described in Section 8.2, the stakeholder team agreed to move forward with 
Scenario 5, proactively replace all wood poles over the age of 60 years as well as replace all poles that 
fail inspection. Initially the number of poles replaced will be capped at 800 per year. After 10 years the 
cap will be increased by 100 each year until it levels off at 1500. This strategy also recommends that 
Hawai'i Electric Light continue the 10 year inspection program.
Fluctuations in the replacement schedule will be adjusted in the implementation plan to create an easier 
transition from year-to-year with the replacement schedule. Construction and Maintenance,
Engineering, and the Warehouse are aware of the anticipated pole replacements and are preparing for 
the change while the implementation plan is being developed. The anticipated 20 year capital and O&M 
replacement costs and number of poles are shown in the table below.

Table 9-1: Anticipated Number of Poles to Replace and Estimated Costs

Year Total Anticipated 
Replacement Costs ($M)

Anticipated Number 
of Poles to Replace

1 $9.67 800
2 $10.94 778
3 $12.47 714
4 $12.07 800
5 $5.82 463
6 $8.74 769
7 $9.54 772
8 $8.42 720
9 $8.60 750

10 $10.42 844
11 $12.40 949
12 $14.89 1,000
13 $15.21 1,100
14 $16.10 1,200
15 $16.17 1,208
16 $17.11 1,304
17 $14.62 1,242
18 $15.64 1,342
19 $15.44 1,386
20 $18.81 1,550

Total
$253.08 1 19,690
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Failure Data Collection

Wood pole failure data will be collected and used for asset failure analysis.

Going forward, at a minimum, the following pole data should be collected:

Pole identification number 
Structure identification number 
Year manufactured 
Pole length 
Class 
Species

Treatment type
Pole type (Transmission, Sub-transmission, distribution)
District 
Failure date
Restorable/Non-restorable priority level 
Failure cause
Type of repair made (if restorable)
Number and duration of customer outages (planned and unplanned) 
Cost of repair/replacement (or hours charged if job cost not available)

Hawai'i Electric Light 
Asset Strategy 
Wood Poles

V4.00 February 2013
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10. Next Steps

This asset strategy provides an assessment of risks posed by wood poles and a proposed solution for 
addressing those risks, including the age profile. After gaining approval of this asset strategy by Hawaii 
Electric Light, additional steps are required to implement the asset strategy plan, evaluate its 
effectiveness, and make adjustments if necessary. Next steps for each of these are provided below.

10.1. Implementation Plan Development

Key components of the implementation plan to be developed include:

1. Detail prioritization and implementation schedule - Develop and confirm prioritization 
methodology and implementation schedule.

2. Failure data identification and collection - Gather available historical failure data for wood poles 
and implement a method for continuous storage of failure data to enhance future revisits to the 
strategy. Develop plan and establish roles and responsibilities for collecting and maintaining 
wood pole failure data.

3. Implementation plan execution roles and responsibilities identification - Identify individuals 
responsible for executing key implementation plan tasks.

4. Implementation plan progress monitoring and reporting plan development - Identify required 
information, sources, develop report structure, and report update mechanisms and roles.

10.2. Program Evaluation

Next steps for program evaluation includes developing an annual evaluation plan, annually evaluating 
implementation progress and impacts against objectives, documenting program results, and identifying 
program issues and the need for asset strategy revisions.

Hawai'i Electric Light 
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1. Executive Summary

Hawai'i Electric Light has approximately 1,700 miles of underground cable across the Island. These 
cables were installed on Hawai'i Electric Light's system from 1959 through 2013. Cable failure, especially 
direct buried cable, is a significant contributor to reliability impacts. Hawai'i Electric Light has been 
replacing reactive cable failures and on a limited basis proactively replacing aged cable but recognizes 
that continuing replacements at the current levels is not sustainable and will ultimately require a more 
aggressive proactive cable replacement program to effectively manage the asset and maintain 
acceptable levels of reliability. Many cables installed in the 1950s, 1960s and into the 1970s do not 
have the same insulation quality as the cable being manufactured today. In addition, the underground 
cable installed in this period is at or past its anticipated life. Early generations of cable installed in the 
60's and 70's was direct buried exposing the cable to conditions that could compromise the insulation 
causing it to fail. Beginning in the mid to late 70's underground cable was installed in a conduit to 
provide a level of protection and to make replacement easier.

Although the proactive replacement of underground cable systems helps reduce these negative impacts, 
it also requires a substantial capital investment. Therefore, it is extremely important to make deliberate 
decisions regarding the repair and replacement of underground cable. Hawai'i Electric Light will 
continue replacing failed underground cable on a reactive basis (run to fail) however, by relying only on 
a reactive and limited proactive replacement program, Hawai'i Electric Light will be exposed to 
increasing unplanned customer outages, degrading reliability indices, and higher replacement costs. 
Hawai'i Electric Light has made the decision to augment reactive and proactive cable replacements by 
implementing a more aggressive proactive cable replacement program to address and replace the aging 
direct buried and cable in conduit before it begins to fail. Proactive cable replacement will be scheduled 
using a prioritization methodology, focusing on 30 miles of cable in conduit each year and eliminating 
direct buried cable in the first five years of the program.

Hawai'i Electric Light is increasing its reliance on underground cables as the distribution system expands. 
As a result of the expanding asset population it is critical to have both a reactive and proactive program 
to manage the asset to minimize cable failures. If a more aggressive proactive cable replacement is not 
added to the current program, age-related failures will continue to increase and eventually cause 
customer reliability to dramatically worsen. Hawai'i Electric Light is cognizant of the potential problems 
they would face so they have made the decision to implement a program that contains both reactive 
and aggressive proactive components.

Hawai'i Electric Light would also like to levelize the age profile as much as possible eventually yielding a 
consistent replacement schedule. Having a level workload will make planning, budgeting, manpower 
resources, and inventory storage more predictable from year to year. This object will be achieved by the 
end of the 20 year analysis period if the proactive cable replacement objects are met.

A total of seven scenarios, including run to fail, were evaluated to determine the initial replacement 
approach that Hawai'i Electric Light should implement. Scenario 5 was selectedThe proposed program 
includes reactively replacing all failed cable in addition to proactively replacing all direct bury (DB) cable 
in five years and replacing 30 miles of cable annually. Direct buried cable is the oldest cable on the 
system and has the highest failure rate, which is increasing as the cable continues to age.
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The following table provides a summary of the replacement cost, rate impact, and bill impact for the 
proposed strategy.

Table 1.1 Proposed Cable Replacement Strategy - Scenario 5

Year
DB Cable 
Replace 

(conductor ml)

CIC
Replace 

(conductor mi)

Total
Miles

Replaced

Cost
(SM)

500 kWh
Bill

(S/mth)

2015 5.0 25.0 30.0 $10.23 $0.34

2016 5.0 25.0 30.0 $10.23 $1.07

2017 5.0 25.0 30.0 $10.23 $1.75

2018 5.0 25.0 30.0 $10.23 $2.43

2019 5.0 25.0 30.0 $10.23 $3.09

2020 0.9 29.0 29.9 $4.93 $3.58

2021 0.0 30.0 30.0 $3.86 $3.79

2022 0.0 30.0 30.0 $3.86 $3.93

2023 0.0 30.0 30.0 $3.86 $4.08

2024 0.0 30.0 30.0 $3.86 $4.21

2025 0.0 30.0 30.0 $3.86 $4.33

2026 0.0 30.0 30.0 $3.86 $4.45

2027 0.0 30.0 30.0 $3.86 $4.56

2028 0.0 30.0 30.0 $3.86 $4.66

2029 0.0 30.0 30.0 $3.86 $4.75

2030 0.0 30.0 30.0 $3.86 $4.84

2031 0.0 30.0 30.0 $3.86 $4.91

2032 0.0 30.0 30.0 $3.86 $4.98

2033 0.0 30.0 30.0 $3.86 $5.04

2034 0.0 30.0 30.0 $3.86 $5.09

Total 25.9 574.0 599.9 $110.11

The scenarios were evaluated by the Hawai'i Electric Light stakeholder team in a collaborative effort to 
assess the risks posed by cable failures and develop a workable solution for addressing those risks. After 
finalizing and gaining approval of this asset strategy, the implementation plan will be developed to 
identify the details on how to execute the recommended solution. The implementation plan will also 
incorporate a ramp up period during the beginning of the replacement schedule so that Hawai'i Electric 
Light can transition to the new strategy in 2015. Although replacements may be lower initially, Hawai'i 
Electric Light will ultimately catch up in years 6 through 10 to meet the total cable replacement 
schedule.
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This section provides a detailed description of the asset purpose, function, and cable types to be 
included in the asset strategy.

2.1. Asset Definition

The underground cable asset strategy includes all underground distribution cables on the island of 
Hawaii including both direct buried and cable in conduit. Ninety eight percent of the cable is in conduit 
(CIC) and the remaining two percent is direct buried (DB). The average age of CIC is 18 years and DB is 
40 years old. The cable population is comprised of 2 primary cable types TRXLPE and XLPE, with less 
than 10 miles of HMWPE installed.

Table 2.1 Cable Summary

CIC Total

Miles of 
conductor 25.92 1,672.77 1,698.69

Average
Age

40 18 19

Figure 1: Cable in Conduit Figure 2: Direct Buried Cabie

m m
2.2. Asset Pian Scope

This analysis focuses on direct buried and cable in conduit. The analysis does not include splices, 
transformers, switches or other associated underground equipment.
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4. Asset Base

This section provides an overview of the asset population. The asset counts are based on available data 
and estimates provided by Hawai'i Electric Light subject matter experts.

4.1. Asset Counts

There are approximately 1,700 miles of underground conductor installed on the Hawai'i Electric Light 
system that have been catalogued by Hawai'i Electric Light as of August 2013.

Table 4.1 Cable Population^

Miles
Tota

XLPE TRXLPE HMWPE

31.61
1,663.33681.93 975.57

Tota 713.54 1,698.69

4.2. Age Distribution

The age profile for both CIC and DB cable installed on the Hawai'i Electric Light's system is shown in 
Figure 3. Age was determined by the date the cable was installed.

^ Data source: 15-04 HELCO UG Cable Asset Data vl.OO 2013-ll-27.xlsx
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Figure 3: Age Distribution of DB and CIC Cabie^

c 80

o» 50

V 20

10 15 20 25 30 35 40 45 50 55 6
Age (years)

IDBHMWPE yClCHMWPE yDBXLPE ICICXLPE HCICTR-XLPE

The median age for the installed underground cable population is 19 years. However, as stated earlier 
the average age for direct buried cable is 40 years and cable in conduit 18 years. Ninety eight percent of 
the underground cable installed is in conduit yet the majority of faults per hundred miles of conductor 
installed comes from the much older direct buried cable. The table below identifies the age relationship 
between direct buried cable and cable in conduit.

Data source: 15-04 HELCO UG Cable Asset Data vl.OO 2013-ll-27.xlsx
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Table 4.2: Age Distribution^

Age
Direct Bury Cable (mi)

XLPE TRXLPE HMWPE

Cable in Conduit (mi)

XLPE TRXLPE HMWPE

Total

1 0.00
2 27.08 27.08
3 33.87 33.87
4 23.63 23.63
5 17.38 17.38
6 35.62 35.62
7 61.56 61.56
8 71.34 71.34
9 85.20 85.20
10 0.06 79.54 79.60
11 52.32 52.32
12 58.70 58.70
13 67.37 67.37
14 43.87 43.87
15 113.75 113.75
16 20.27 20.27
17 13.98 13.98
18 27.88 27.88
19 28.54 28.54
20 49.84 49.84
21 24.19 24.19
22 39.65 39.65
23 76.32 76.32
24 82.43 82.43
25 44.71 44.71
26 95.29 95.29
27 49.55 49.55
28 78.73 78.73
29 39.06 39.06
30 45.35 45.35
31 1.25 12.62 13.87

Data source: 15-04 HELCO UG Cable Asset Data vl.OO 2013-ll-27.xlsx
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Age Direct Bury Cable (mi) Cable In Conduit (mi) Total

32 0.48 8.53 9.00
33 2.23 26.04 28.27
34 1.61 10.82 12.43
35 3.99 14.06 18.05
36 0.93 6.57 7.50
37 0.59 1.74 2.33
38 0.46 9.53 9.99
39 5.95 5.95
40 1.59 10.05 11.65
41 6.44 6.44
42 3.43 16.39 19.82
43 10.05 28.52 38.57
44 5.00 4.05 9.05
46 9.18 9.18
47 3.06 4.31 7.37
48 1.19 1.19
49 0.63 0.07 0.70
50
51
52
53
54
55
56 0.02 0.02

Total 31.61 0.06 3.70 681.93 975.50 5.89 1,698.69
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5. Asset Performance

This section provides asset failure definitions, objectives, rates, and causes.

5.1. Asset Failure Definition

The type of failure mode addressed in this strategy is all cable that fails. Since cable is buried, there is 
no proactive inspection program to project cable failures before they occur. Example causes of failure 
include mechanical damage, insulation degradation, bare concentric neutral corrosion, current overload, 
and for CIC excessive tension that stresses cable insulation.

Figure 4: Example of a Failed Cable

5.2. Expected Operational Life

As stated earlier, direct buried cable typically has an average service life of approximately 25-30 years 
based failure data collected by Davies Consulting from 21 utilities across the United States. This means 
that on average half of the cable installed will fail before it is in service for 25 years and half will fail 
sometime after it has been in service for 25 years. The expected life of cable in conduit is more typically 
40 years with the same expected failure rates.
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5.3. Asset Failure Rates

Hawai'i Electric Light does not have data for cable failures by age or cable type. Moving forward Hawai'i 
Electric Light should capture and track the data so in the coming years Hawai'i Electric Light can revisit 
the current cable failure analysis and re-evaluate the expected failures.

In the absence of cable specific failure data, Hawai'i Electric Light leveraged failure curves developed by 
Davies Consulting. The cable in conduit failure curves were developed using failure data from 21 utilities 
from around the United States. The direct buried cable failure curves were developed using Hawaiian 
Electric's failure data.

The failure curves describe the probability of failing at or before a certain age. For example, a 30 year 
old CIC-XLPE cable has a probability of 0.5 faults per mile. As the cable continues to age, the probability 
of failure increases to almost 1 fault per mile by the time the cable reaches 60 years.

Figure 5: Cable Failure Curves

Underground Cable Failure Curves

1.00 -

��  ��  ��  ��  ��  ��  ��  ��  ��  ��  ��  ��  	�  	�  ��  ��  ��  ��  100

-CIC - XLPE -CIC-HMWPE

Age Ivrs) 

“CIC - TRXLPE “DB-HMWPE -DB-XLPE

5.4. Asset Failure Causes

Functional failures are typically caused by insulation failure, mechanical damage, and excessive fault 
current, loading, and excessive tension on cable in conduit. These cause structural integrity issues over 
time and the cable is no longer able to safely carry the required electric loads. Cable failures can pose a
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safety risk for the staff of Hawai'i Electric Light. When cables fail, crews are required to identify, 
diagnose and locate the fault location. Once a fault is identified, extensive testing and grounding must 
be conducted before repairs commence. Until a cable is de-energized, grounded, and tested workers 
may be exposed to additional faults, and back feed situations from customer equipment.
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7. Risk

This section provides an assessment of risks posed by failure of the asset. Subsequent sections will focus 
on options to eliminate or mitigate these risks.

As described in Section 3, "Asset Issues", the average age of direct buried cable is 40 years, well past the 
anticipated life of 25-30 years. Cable in conduit has an average age of 18 years however there is a small 
amount past the anticipated life of 40 years. Considering the age of the installed cable, particularly the 
DB cable, it is anticipated that the number of cable faults will increase as the conductor continues to 
age. Currently Hawai'i Electric Light is replacing on average 2 miles of direct buried and cable in conduit 
annually. At the current replacement rate, the number of cable failures is estimated to quadruple by 
2035. In addition, if only 2 miles of cable is replaced each year it would take 850 years to replace all 
1700 miles of cable. A condition like this would imply that cable failures will increase to unacceptable 
rates.

To further understand the implications of maintaining cable replacement at 2 miles per year proactively 
and reactively replacing any failed cable. Figure 6 was developed to show the asset age profile in 10 and 
20 years. As you can see in the figure, the miles of cable past anticipate life is significant. With the aged 
cable population comes the added risk of significant cable failures, reduced customer satisfaction, and 
increased commission complaints. Also the number of reactive replacements increase each year which 
indicates the strategy doesn't adequately address the aged asset.

Figure 6: Expected Age Profile for Proactively Replacing 2 Miles of Cable 

Age Profile 2025
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The risks of not increasing proactive cable replacement strategy along with the reactive program could 
have consequences that will impact Hawai'i Electric Light operations. The table below identifies some of 
the risks, consequences and likelihood that could result if a proactive replacement strategy is not 
included.
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Table 7.1: Risk Posed by Cable Failure

Risk Type Potential Consequences Likelihood Risk Level
Public Safety • Increase in the number of cable

failures increases the probability of 
damaging customer's property 
during restoration or causing injury

to a customer

• Initial damage caused by a failing
cable is low as the conductors are 
underground. However, significant 
customer damage can be caused 
during reactive repairs and 
replacements including damage to 
lawns, fences and driveways.

Med - High

Regulatory /
Customer

• Key customer outage
• Relationship damage

• Inquiries

• Mandates

• Asset age issues could lead to an
elevated rate of cable failures

Med-High

Company
Image

• Negative press coverage of key 
customer outage

• Negative experience for residents, 
shoppers, patrons, etc. subjected 
to key customer outage

• Loss of support from Commercial 
and Industrial customers

• Spares shortage could exacerbate

consequences

• Asset age issues could lead to an
elevated rate of cable failures

Med-High

1

Financial • Unplanned and potentially higher 
capital expenditures required to 
replace failed cable replacement

• Increase In customer damage
claims

• Unfavorable PUC rulings resulting
in lower rate of return

• Asset age issues could lead to an
elevated rate of cable failures

Med - High

r
Reliability • Increase In cable failures will

degrade reliability
• Inventory shortage could 

exacerbate consequences

• Asset age issues could lead to an
elevated rate of cable failures within
a narrower time frame

Med - High

Environmental • Reactive cable failure repairs will 
cause impacts

• Reactive cable replacements due to 
failures, particularly direct buried

could cause environmental
repercussions

Med
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8. Solution Options Analysis

This section provides analysis of the asset management options to address the age and risks posed by 
the asset.

8.1. Description of Methodoiogy and Assumptions

The software tool used for this analysis was Davies Consulting's Asset Life Cycle Analysis (ALCA) model, 
shown in Figure 7, which allows "what-if" analyses of different asset replacement and life extension 
strategies in order to understand the financial and reliability risk implications. Results from this analysis 
can be used to identify "best" strategies for maintaining or replacing aging assets or groups of assets, 
help Hawai'i Electric Light understand the reliability impacts, and determine capital and operations and 
maintenance (O&M) requirements of asset lifecycle management strategies.

Figure 7: Asset Life Cycie Anaiysis (ALCA) Modei Home Screen

consulting Asset Life 
Cycle Analysis

Oiange Password Logout

f«me
Daa

De^lt Parameters 
Asset Inventory 
FaCre Cirves 
RelabMty Impact Strategic 

Scenarios 
Rir Shnulaticn Monitor 
Re^ts

ALCA User's Manual

Welcome ^ext: Dataii^

Welcome to the Asset Life Cyde Analysis tool. With this system you can:

lefault values for parameters sudi as irtflation rate
Manage your data

o Set default values for parai 
0 Upload asset inventory datasets 
0 Customize asset failure curves 
o Specify effects of failures on customers 
o Define replacement and maintenarKe strategies 

Setup simulation scenarios 
Launch simulations
Monitor simulation progress 
Review simulation results

SUWABMAMHU raniu n~

^extend::j
WWW.CXTIH MI M.CQM Copyright (c) 2007 Davies Consultir^, Iru. All rights reserved

The first set of information that the model requires Is the asset Inventory. The inventory is grouped in 
five year age bins and uploaded into the model. For the purposes of this analysis, Hawai'i Electric Light's 
underground cable data was entered as two groups, direct buried and cable in conduit as well as by 
cable type. The following table shows the asset inventory.
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Table 8.1: Cable Asset Population In 5 Year Age Bins by Type

Age Bin

Direct Bury Cable (miles)

^ Mean ^ ^
Quantity . St DevAge

Cable in Conduit (miles)

^ Mean ^ ^
Quantity . St DevAge

Total
(mi)

0-5 84.51 3.07 0.39 84.51

6-10 0.06 10.00 0.00 350.64 8.22 0.39 350.70

11-15 336.01 13.14 0.31 336.01

16-20 140.51 18.32 0.32 140.51

21-25 267.29 23.21 0.50 267.29

26-30 307.97 27.55 0.81 307.97

31-35 7.48 33.81 0.07 74.15 33.16 0.27 81.63

36-40 2.70 39.05 0.10 34.73 38.50 0.16 37.42

41-45 15.05 42.92 0.05 68.01 43.05 0.43 83.05

46-50 0.63 48.00 0.06 8.87 46.33 0.09 9.50

56-110 0.09 92.00 0.01 0.09

Total 25.92 40.03 0.06 1,672.77 18.21 0.44 1,698.69

The costs to replace cable are important in determining the overall costs of implementing a reactive and 
proactive strategy. Costs vary from project to project and are determined by the length of the cable 
replaced; the number of phases, installation methods and cable type. For modeling purposes two types 
of construction were modeled and an average cost was calculated from the data provided by Hawai'i 
Electric Light subject matter experts. The table below lists the equipment used and its associated cost.

Table 8.2: Cost Assumptions

Installation Method Average Cable Length (ft.) Average Installation Cost
Direct Buried 575ft $265/ft.

Cable in Conduit 934ft $71/ft.
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Due to insufficient Company specific failure data, the impact of cable failures on reliability were not 
evaluated. Moving forward Hawai'i Electric Light should begin capturing failure data for underground 
cable in order to enhance the analytic process. Failure data should include, but not be limited to:

Type of cable 
Age of cable

Number of customers affected 
Duration of outage 
Length of cable replaced 
Failure cause

When at least 3 years of failure data is collected additional strategies should be developed using the 
data collected to either confirm the current strategy best represents Hawai'i Electric Light's needs. If 
not, a new strategy should be developed for implementation.

Figure 8: Reliability Impact Assumptions
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The final assumptions made in the model were the inflation and depreciation rate and total number of 
customers on Hawai'i Electric Light's system. An inflation rate of 1.9% and a discount rate of 8.076% 
were used. Total customers were needed to properly calculate the SAIFI and SAIDI impact that Hawai'i 
Electric Light will anticipate seeing. For purposes of modeling, the assumption for total customers was 
81,368.

8.2. Scenarios Evaluated

A total of seven scenarios were evaluated. The first is the run to fail base case. The remaining five 
scenarios include the run to fail base case as well as varying levels of proactive strategies. Hawai'i 
Electric Light would like to levelize the age profile as much as possible eventually yielding a consistent
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replacement schedule. Having a level workload will make planning, budgeting, manpower resources, 
and inventory storage more predictable from year to year. This can be achieved by focusing on the age 
profile at the end of the 20 year analysis period.

The following seven scenarios were evaluated during this analysis and modeling.

1. Run to Fail
• Failures can have multiple definitions but for the purposes of modeling, failures 

are defined as a cable failure or deterioration
• Example causes of failure include insulation degradation, bare concentric 

neutral corrosion, treeing, and for CIC excessive tension that stresses cable 
insulation

2. Status Quo
■ Run to fail
■ Proactively replace 5 miles of direct bury cable

3. Proactively Replace All CIC Over 55 Years + Replace All DBC in 5 Years
■ Run to fail
■ Proactively replace all cable in conduit over 55 years old
■ Proactively replace all direct bury cable in 5 years

4. Proactively Replace All CIC Over 45 Years + Replace All DBC in 5 Years
■ Same as Scenario 2 except replacing all CIC over 45 years instead of 55

5. Proactively Replace 30 Miles of the Oldest Cable Per Year
■ Run to fail
■ Proactively replace 30 miles of the oldest cable per year
■ Proactively replace all direct bury cable in 5 years
■ Replaces all existing cable in 55 years

6. Proactively Replace 34 Miles of the Oldest Cable Per Year
■ Same as Scenario 4 except replacing 34 miles of the oldest cable per year
■ Replaces all existing cable in 50 years

7. Proactively Replace 38 Miles of the Oldest Cable Per Year
■ Same as Scenario 4 except replacing 38 miles of the oldest cable per year
■ Replaces all existing cable in 45 years

The run to fail base case is the estimated amount of cable that will need to replaced on an annual 
reactive basis. This represents the estimated miles of cable that will need to be replaced reactively. In 
addition, it is assumed that the Company reactively replaces any cable that fails.

Each of the scenarios listed in Table 8.3 contain the run to fail base case as well as a proactive 
replacement strategy to manage the asset population over a 20 year horizon.
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Table 8.3: Evaluated Scenarios

Scenario
20 Year

Total Costs 
($ Millions)

Average Annual 
Miles Replaced Mean Age

1. Run to Fail $41.83 11 34 years

2. Status Quo $64.95 13 34 years

3. Replace CIC Over 55 Years + Replace All 
DBCinSYears

$73.40 15 31 years

4. Replace CIC Over 45 Years + Replace All 
DBCin5Years

$107.25 29 24 years

5. Replace 30 Miles per Year of Cable $110.11 30 25 years

6. Replace 34 Miles per Year of Cable $120.12 34 23 years

7. Replace 38 Miles per Year of Cable $127.91 38 22 years

It Is Important to note, that evaluating only 20 year averages can be misleading. Since Scenario 7 
replaces cable at a faster rate than 6, the population of direct buried cable will be reduced faster 
improving the overall mean age and reliability. Based on the inflation assumptions, cable replaced later 
will be more expensive than cable replaced earlier.

Scenario Selection Process

After the initial analysis was complete for all of the scenarios, the results were evaluated and presented 
to the stakeholder team as draft. The scenario selected is the best option to prudently manage the 
current cable assets given reliability, rate and resource impacts. These scenarios provide a range of age 
profiles, reliability impacts, costs and miles of annual cable replacement. Discussions with the 
stakeholder team focused primarily on managing the age profile and the subsequent rate impact to the 
customers. The monthly impact assuming 500 kWh's per month ranges between $0.07 - $0.37 in 2015, 
$0.12 - $1.17 in 2016 and $0.17 - $1.92 in 2017. This is incremental to the rate impact required to 
address reactive cable replacement. The following table shows the 20 year forecast of the six scenarios.
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As previously stated, the focus of this strategy plan is to add a proactive replacement strategy to the 
reactive replacements to effectively reduce reliability impacts and manage the entire cable asset in 
future years. Figure 9 below illustrates how the proactive strategies significantly affect the reliability 
impacts in future years when compared to the run-to-fail strategy. It also shows that addressing the 
directed buried cable in the first 5 years improves overall reliability for the next 8 years.

Figure 9: Comparison of Reiiabiiity Contribution
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Figure 10 below shows the expected age profile 10 years and 20 years from the base year for the six 
scenarios. The dotted line is to help in comparing the varying heights between each graph. As discussed 
previously, the reactive run to fail scenario indicates that maintaining the current program with limited 
replacements is not aggressive enough. If the reactive strategy is maintained the mean age of the 
underground cable in ten years will be 28 and in twenty years 34.
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Figure 10: Comparison of Age Profiies
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9. Proposed Option

Based on the analysis described in Section 8.2; the recommended strategy is Scenario 5. This strategy 
will replace all direct buried cable in five years and proactively replace a total of 30 miles of cable 
annually. These figures include reactive replacement of failed cable. Over the next 20 years Hawai'i 
Electric Light hopes to begin to start leveling out the population for easier management in the future. 
This strategy will also allow Hawai'i Electric Light to replace direct buried cable completely by 2019.

The following factors went into selecting Scenario 5:
• Significantly reduces the reliability impact when compared to the run to fail scenario
• Creates a steady replacement schedule
• Scenario 6 and 7 are more aggressive and have slight improvements to reliability but the 30 mile 

per year strategy has the best "bang-for-buck" results between the three, as shown in Table 9.1
• As more refined data becomes available and when Hawai'i Electric Light can start using their 

own failure curves a more aggressive strategy may seem more attractive

Table 9.1 Bang-for-Buck Comparisons

Strategy
Total Cost in $ 

Millions 
(Capital & OM)

Total
Failures

Bang-for-Buck
L*1,����3� ��� �)�����1� �/1�O11�

*&) ������1RN �V�!���1�� ������1RN  
��2�,1, �/N �&3��� �!3���

Run to Fail $41.83 4,971 0.0000

Status Quo $64.95 2,511 0.0076

Replace CIC Over SSYrs + Replace All DBC in 5 Yrs. $73.40 2,387 0.0071

Replace CIC Over 45Yrs + Replace All DBC in 5 Yrs. $107.25 2,042 0.0055

Replace 30 Miles/Yr. of Cable $110.11 1,796 0.0058

Replace 34 Miles/Yr. of Cable $120.12 1,697 0.0055

Replace 38 Miles/Yr. of Cable $130.11 1,602 0.0052

A three year ramp up period will be designed in the implementation plan so that Hawai'i Electric Light 
can transition to the new strategy starting in 2015. Construction and Maintenance, Engineering, and the 
Warehouse are aware of the anticipated ramp up on cable replacements and are preparing for the 
change while the implementation plan is being developed. The anticipated 20 year replacement costs 
and number of miles of cable replaced for the scenario are shown in Table 9-1 below.

Table 9.2 Anticipated Miles of Cable Replacement and Estimated Costs

500 kWh Bill 
($/mth)

Tota Ml es Cost ($ Millions)Replaced
$10.2330.00
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Year Total Miles 
Replaced Cost ($ Millions)

500 kWh Bill 
($/mth)

2016 30.00 $10.23 $1.07

2017 30.00 $10.23 $1.75

2018 30.00 $10.23 $2.43

2019 30.00 $10.23 $3.09

2020 30.00 $4.93 $3.58

2021 30.00 $3.86 $3.79

2022 30.00 $3.86 $3.93

2023 30.00 $3.86 $4.08

2024 30.00 $3.86 $4.21

2025 30.00 $3.86 $4.33

2026 30.00 $3.86 $4.45

2027 30.00 $3.86 $4.56

2028 30.00 $3.86 $4.66

2029 30.00 $3.86 $4.75

2030 30.00 $3.86 $4.84

2031 30.00 $3.86 $4.91

2032 30.00 $3.86 $4.98

2033 30.00 $3.86 $5.04

2034 30.00 $3.86 $5.09

Total 600.0 $110.11

Failure Data Collection

Cable failure data will be collected and used for asset failure analysis. With the failure data collected 
Hawai'i Electric Light will be able to develop failure curves for their cable population. Once Hawai'i 
Electric Light has sufficient failure data the analysis should be re-evaluated to see if any changes should 
be made to the current strategy.

Going forward, at a minimum, the following cable data should be collected:
Cable type
Direct buried versus cable in conduit 
Year manufactured 
Replacement length 
District
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Failure date 
Failure cause
Type of repair made (if possible)

Number and duration of customer outages (planned and unplanned)
Cost of repair/replacement (or hours charged if job cost not available)

Installation Data Collection

Cable data will continue to be collected and refined as new cable is installed. This data will be used to 
keep an up-to-date age profile which is the crux of this analysis. Using the most up-to-date age profile is 
important for developing the best estimate for additional maintenance and replacement costs in future 
years.

Cable Node Number 
H-Drawing Number 
Subdivision 
Point to Point 
Install Date 
District (DH, DW, DK)
Cable Length (ft.)
Number of Phases

Cable Size
Type of Cable
Cable Manufacturer
Direct Buried (DB)/ Conduit (C)

No of Customers On Section
Substation

Circuit Number
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10. Next Steps

This asset strategy provides an assessment of risks posed by aging cable populations and a proposed 
solution for addressing those risks, including the age profile. After gaining approval of this asset strategy 
by Hawai'i Electric Light, additional steps are required to implement the asset strategy plan, evaluate its 
effectiveness, and make adjustments if necessary. Next steps for each of these are provided below.

10.1. Implementation Plan Development

Key components of the implementation plan to be developed include:

1. Detail prioritization and implementation schedule - Develop and confirm prioritization 
methodology and implementation schedule.

2. Failure data identification and collection - Gather available historical failure data for 
underground cable and implement a method for continuous storage of failure data to enhance 
future revisits to the strategy. Develop plan and establish roles and responsibilities for collecting 
and maintaining underground cable failure data.

3. Implementation plan execution roles and responsibilities identification - Identify individuals 
responsible for executing key implementation plan tasks.

4. Implementation plan progress monitoring and reporting plan development - Identify required 
information, sources, develop report structure, and report update mechanisms and roles.

10.2. Failure Modeling

Start capturing failure data as defined above. When Hawai'i Electric Light has collected 3 to 4 years' 
worth of failure data it is important to revisit the cable replacement strategy to rerun the analysis using 
the newly developed failure curves based on Hawai'i Electric Light data to ensure the most accurate 
representation of the assets environment and expected life.

10.3. Program Evaluation

Next steps for program evaluation includes developing an annual evaluation plan, annually evaluating 
implementation progress and impacts against objectives, documenting program results, and identifying 
program issues and the need for asset strategy revisions.
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1. Executive Summary

Circuit breakers are devices that close and open an electrical circuit under load and fault conditions.
They are one of the most basic equipment in a substation as they are used to protect and control the 
power system, and form the basis for station design. Hawai'i Electric Light considers 34.5kV circuit 
breakers as part of their sub-transmission system and 69kV circuit breakers as part of their transmission 
system. As of November 2012, Hawai'i Electric Light has 121 circuit breakers.

Hawai'i Electric Light is experiencing less than one circuit breaker failure each year. Although small, the 
consequences could be significant including extended customer interruptions, equipment damage, and, 
in rare cases, employee injury.

As Hawai'i Electric Light's circuit breaker population has aged, the main problem has been corrosion. 
Corrosion can lead to the leaking of the interrupting medium whether it is oil or SF6 gas. Additional 
problems include failing mechanical parts such as the mechanism, and gauges.

The current practices and processes used Hawai'i Electric Light to identify circuit breaker preventative 
replacements is working well and it is recommended that this continue. However, Hawai'i Electric Light 
recognizes that the current replace 2 breakers per year schedule is not sustainable and will ultimately 
require a more aggressive replacement program to effectively manage the age profile of the asset. In 
order to mitigate an aging population, the recommended strategy is to replace all breakers over the age 
of 50.

Under this strategy, the estimated cost for preventative replacements vary from a low of $426,000 to a 
high of $818,000 per year for a total 20-year plan cost of about $10.4 million (all in 2013 dollars). The 
proposed schedule in the following table is for illustrative purposes to provide the reader with an idea of 
the replacement strategy over a 20 year period.

Proposed Replacement Schedule for Transmission Breakers

Year Anticipated Number of 
Breakers to Replace

Total Anticipated 
Replacement Costs ($)

Total Anticipated 
Overhaul Costs ($)

Impact to 500 
kwh/mth Bill ($)

1 5 $490,000 $229,900 $0.13

2 2 $196,000 $229,900 $0.15

3 5 $490,000 $229,900 $0.17

4 4 $392,000 $229,900 $0.19

5 2 $196,000 $229,900 $0.21

6 2 $196,000 $229,900 $0.22

7 6 $588,000 $229,900 $0.24

8 3 $294,000 $229,900 $0.27
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Year Anticipated Number of 
Breakers to Replace

Total Anticipated 
Replacement Costs ($)

Total Anticipated 
Overhaul Costs ($)

Impact to 500 
kwh/mth Bill ($)

9 2 $196,000 $229,900 $0.28

10 2 $196,000 $229,900 $0.29

11 2 $196,000 $229,900 $0.30

12 2 $196,000 $229,900 $0.31

13 2 1 $196,000 $229,900 $0.32

14 5 $490,000 $229,900 $0.33

15 2 $196,000 $229,900 $0.35

16 2 1 $196,000 $229,900 $0.36

17 2 $196,000 $229,900 $0.36

18 3 1 $294,000 $229,900 $0.37

19 3 $294,000 $229,900 $0.39

20 3 $294,000 $229,900 $0.40

Total 59 $5,782,000 $4,598,000

This document provides the result of a collaborative Hawai'i Electric Light effort to assess the risks posed 
by transmission breakers and develop a workable solution for addressing those risks. After finalizing and 
gaining approval of this asset strategy, the implementation plan will be developed to identify the details 
on how to execute. The implementation plan will also incorporate a ramp up period during the first five 
years of the replacement schedule so that Hawai'i Electric Light can transition to the new strategy. 
Although replacements may be lower the first five years, Hawai'i Electric Light will ultimately catch up in 
years 6 through 10 to meet the total breaker replacement schedule.
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This section provides a detailed description of the asset purpose, function, types, and subcategories to 
be included in the asset strategy.

2.1. Asset Definition

Circuit breakers are devices that close and open an electrical circuit under load and fault conditions. 
They are one of the most basic equipment in a substation as they are used to protect and control the 
power system, and form the basis for station design. Simplistically speaking, circuit breakers connect 
generators that produce power, lines that transmit power, transformers that convert power for efficient 
transmission, and capacitor banks that provide voltage support.

Hawai'i Electric Light uses 34.5kv and 69kv circuit breakers in their transmission system on the island of 
Hawaii. Ninety six percent of the transmission breakers are 69kv, while the remaining 4% are 34.5kv. 
Maintaining the transmission system is critical since it is a closed system with no interconnections to 
other utilities. For the majority of faults that occur on Hawaii Electric Light's transmission system, if it is 
part of a radial circuit, customer outages will result. This is true for the sub-transmission and distribution 
system as well, which are just as important, though the amount of customer outages could be far fewer 
than that of transmission.

Externally, the main parts of a circuit breaker are:

Control cabinet - Houses operating mechanism; the key component of the circuit breaker that 
operates the mechanical interrupters in the pole units.

Pole unit - Contains the mechanical interrupter within the interrupting medium.

Bushing - Allows power to safely flow to terminal.

Terminal - Provides external connection.

Figure 2-1 and Figure 2-2 show the main parts for oil circuit breaker and gas/SF6 circuit breakers, 
respectively.
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Figure 2-1: A Typical Oil Circuit Breaker Design
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Figure 2-2: A Typical Gas Circuit Breaker Design

Bushing
Terminal

Pole unit

Control cabinet

As shown in the above figures, oil and gas breakers externally have similar parts. The major difference 
lies in the interrupting or dielectric medium within the pole unit, i.e., oil or SF6 gas. The use of SF6 gas 
over oil resulted in various advantages in circuit breaker design including higher short circuit ratings, 
shortertrip times, and slightly smaller dimensions. And, as a result, the circuit breaker industry has 
moved to SF6.
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Hawaii Electric Light's circuit breakers can be further characterized by several subcategories including 
the following:

• Circuit Breaker Construction and Design:
o Housing Material -Type of steel/aluminum, thickness (gauge), and carbon content 
o Normal Current Rating (A) - Ampere; maximum constant current capability 
o Short Circuit Rating (kAIC) - kilo-Ampere Interrupting Capacity; maximum current 

interrupting capability
o Operating Mechanism - Operator to open/close poles; operator medium includes 

spring, hydraulic, or pneumatic; all gang (simultaneous pole unit) operated, except for 
two independent pole unit operated 

o Function - Line/transformer, capacitor bank
• Manufacturer: Include, but are not limited to Westinghouse, General Electric, ABB, and Siemens.

2.3. Asset Scope

The scope of this asset strategy includes all of Hawaii Electric Light's 34.5kV, 69kV, and 72.5kV circuit 
breakers. The analysis does not include distribution breakers or any attachments to the breaker.
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3. Asset Issues

This section describes the main issues with the asset and provides a context for subsequent sections of 
the analysis.

In general, the transmission breaker population on Hawaii Electric Light's system is well maintained. 
However, there are particular issues with respect to an aging population and shorter lifespans for SF6 
breakers that may cause issues in the future.

There are two primary issues with circuit breakers that are being addressed in this asset strategy: 1) 
operational failures; and 2) asset age profile. Each of these primary issues is described below.

3.1. Operational Failures

Operational failures involve 1) circuit breakers failing to trip or being slow to trip when required ("trip 
control failures") or 2) circuit breakers failing to close when required ("close control failures"). Trip 
control failures typically result in an upstream protection device operating, which expands the system 
outage, potentially impacting more customers. Close control failures typically will not cause upstream 
protection devices to operate, but can delay restoring a circuit. While the impact of circuit breaker 
operational failures on SAIDI and SAIFI has been relatively insignificant, increasing frequency of 
catastrophic failures as the asset population ages could potentially lead to more significant reliability 
and customer impacts.

3.2. Asset Age Profile

With the exception of a number of Hawaii Electric Light's circuit breakers that are past their average 
life, the age of the remaining circuit breakers are within their average life. The likelihood of failure does, 
however, increase with circuit breaker age. The circuit breaker age distribution is not uniform, meaning 
that failure rates, reactive replacements, and maintenance requirements will likely not be uniform as 
the population ages. This could result in more significant reliability impacts in the future as well as 
increases in unplanned work and more work being done under emergency conditions. Hawai'i Electric 
Light has transmission breakers installed as early as 1956 on its transmission system.

Table 3-1: Percent of Population Past Expected Life

Transmission Breaker Type Expected Life % Past Expected Life
Oil 45 years 11%
SF6 30 years 3%
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4. Asset Base

This section provides an overview of the asset population. The asset counts are based on available data 
and estimates from subject matter experts.

4.1. Asset Counts

There are 121 transmission breakers installed on the Hawai'i Electric Light system that have been 
catalogued by Hawai'i Electric Light, as of November 2012. Seventy eight percent of Hawai'i Electric 
Light's transmission breakers are SF6 gas breakers the remaining 22% are oil breakers which are all over 
30 years of age.

Table 4-1: Transmission Breaker Popuiation by Type

Transmission Breaker Type Locations
Oil 27
SF6 94

Total 121

Source: Hawai'i Electric Light's Technical Superintendent 
Figure 4-1 shows the breakdown of Hawai'i Electric Light's transmission breaker population by voltage 
and by manufacturer. Over half of the total population consists of Siemens and ABB circuit breakers. 
Historically Siemens is the preferred manufacturer for 72.5kV circuit breakers.

Figure 4-1: Circuit Breaker Voitage by Manufacturer

Manufacturer 34.5kV 69kV 72.5kV Unknown % Total
ABB 0 14 9 0 19%

General Electric 5 9 1 0 12.4%

Siemens Allis Corp 0 18 25 2 37.2%

Westinghouse Corp 0 18 1 0 15.7%
Other 0 11 8 0 15.7%

Total 5 70 44 2 100%

As of November 2012

4.2. Age Distribution

The approximate age distribution of Hawai'i Electric Light's transmission breaker population is shown in 
Figure 4-2. Age was determined by the date the breaker was manufactured and not the installation
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Figure 4-2: Age Distribution of Transmission Breakers by Type
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Source: Hawai'i Electric Light's Technical Superintendent

Hawai'i Electric Light purchased a large number of SF6 breakers in the last 10 years, accounting for 33% 
of the total inventory. The median age for the installed population of transmission breakers is 20 years.
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Table 4-2: Age Distribution

Age Bin Oil Breakers SF6 Breakers Total
0-5 0 22 22
6-10 0 18 18
11-15 0 8 8
16-20 0 20 20
21-25 0 1 16 16
26-30 0 7 7
31-35 6 3 9
36-40 12 0 12
41-45 6 0 6
46-50 2 0 2
51-55 0 1 0
56-60 1 0 1
Total 27 94 121
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5. Asset Performance

This section provides asset failure definitions, objectives, rates, and causes.

5.1. Asset Failure Definition

There are three primary failure modes that Hawai'i Electric Light has experienced with transmission 
circuit breakers. These include:

1. Trip control failure - Involves the circuit breaker not tripping when required to trip or being slow 
to trip. This type of failure typically results in an upstream protective device operating, which 
expands the system outage, potentially impacting more customers.

2. Close control failure - Involves the circuit breaker not closing when required to close. This type 
of failure typically will not cause upstream protection devices to operate, but can delay restoring 
a circuit.

3. Catastrophic failure - Circuit breakers have failed catastrophically, but these have been rare for 
Hawai'i Electric Light. Catastrophic failure typically results in tripping upstream protective 
devices. Customers on the tripped circuits could experience an interruption of service if 
automatic switching is not possible. The circuit breaker is replaced after a catastrophic failure.

5.2. Expected Operational Life

Based on a combination of breaker manufacturer estimates, and past and current issues with Hawai'i 
Electric Light's circuit breaker population, the average life of oil circuit breakers is estimated to be 
between 30 to 60 years, and the average life of gas circuit breakers is roughly 30 years. The actual life, 
however, is dependent on several condition-related and non-condition-related factors as described 
below.

Housing condition - Once the housing has corroded to the point that it is not practical or 
possible to repair, the circuit breaker must be replaced. The rate of corrosion depends on 
several factors including location (wet, dry, coastal), construction (mild steel, stainless steel, 
thickness, coating/undercoating), and maintenance (painting).

Maintainability, and replacement options - Circuit breakers are maintained and repaired to 
prolong their lives to the extent possible and practical. Hawai'i Electric Light has noticed several 
issues that affect the life of the units. These are: (1) older circuit breakers with hydraulic 
operators are more problematic than other types of operators, (2) oil circuit breakers tend to 
have operating mechanism issues, and (3) gas circuit breakers tend to have gas leaking issues.
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Catastrophic failures - If the circuit breaker fails catastrophically, the circuit breaker must be 
replaced.

As stated earlier, transmission breakers have an average service life between 30 to 60 years. For the 
purposes of modeling an average expected life of 45 years will be used for all circuit breakers. This 
means that, on average, half of the transmission breakers installed will fail before they are in service for 
45 years and half will fail sometime after they have been in service for 45 years. Although Hawai'i 
Electric Light believes that SF6 breakers will have a lower expected life of 30 years there is not enough 
data to identify a different expected life from oil breakers at this time.

5.3. Asset Failure Rates

Hawai'i Electric Light currently tracks the total number of failures each year, but does not retain the data 
from year to year in order to develop a failure curve. Moving forward all failure data should be captured 
and input into a database so in the coming years Hawai'i Electric Light can revisit the current 
transmission breaker analysis and re-evaluate the expected failures using company specific failure data.

In the absence of company specific failure data, Hawai'i Electric Light used failure curves developed by 
Davies Consulting. These failure curves were developed using failure data from 21 utilities from around 
the United States. Hawai'i Electric Light subject matter experts believe this curve most closely 
represents what they see in the field.

This same failure data can be translated into a cumulative density function and survivor curve, seen in 
Figure 5-1 below. The cumulative density function describes the probability of failing at or before a 
certain age. For example, there is a 50% chance that a transmission breaker will fail at 45 years or 
earlier. As the breaker continues to age, the probability of failure increases to almost 100% by the time 
the breaker reaches 90 years. Conversely the survivor curve describes the probability of surviving to a 
given age. So the probability of surviving decreases over time to almost 0% by 90 years of age.
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Cumulative Density Function vs. Survivor Curve
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5.4. Asset Failure Causes

Trip control and close control failures are generally due to electrical or mechanical failure (i.e. trip coif 
or charging mechanism) as a result of general age degradation or specific issues.

The condition of a circuit breaker degrades overtime due to corrosion of the housing and component 
deterioration, making the circuit breaker less reliable. The rate of degradation is driven by several 
factors such as location (e.g. wet or dry environment, proximity to shoreline), manufacturer or model, 
housing material (mild steel or stainless steel), maintenance, and number and type of operations. 
Corroded circuit breakers are more susceptible to failures due to loss of the interrupting medium, i.e., 
SF6 gas or oil. Note that SF6 gas leaks are not necessarily identified in the visual inspection due to the 
lack of visible signs as opposed to oil. An example of rust/corrosion on a circuit breaker is shown in 
Figure 5-2.
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Figure 5-2: Corrosion Issues on a Circuit Breaker
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6. Current Practices

This section provides a description of current practices for asset inspection, maintenance, life extension, 
replacement, spares, and new installations.

6.1. Inspection and Maintenance

6.1.1. Circuit Breaker Visual Inspections

Hawai'i Electric Light's circuit breakers are visually and infrared inspected roughly every six months by 
maintenance personnel. The circuit breaker exteriors are visually inspected for housing corrosion, oil 
leakage, insulator cracks, corona discharge and unusual heat signatures. Counter readings are also 
recorded.

6.1.2. Circuit Breaker Inspection and Maintenance

Transmission circuit breakers are inspected and serviced on a five-year cycle.

6.2. Circuit Breaker Repair and Replacement

Recommendations for replacing a circuit breaker are based on several factors such as breaker condition, 
maintenance requirements, failure and repair history, availability of spare parts, and circuit criticality. 
Circuit breakers that fail catastrophically are replaced. Circuit breakers that experience trip control or 
close control failures are typically repaired by fixing the operating mechanisms.

One of the largest issues identified through inspections is corrosion of the breaker housing. To deal with 
this, the area that exhibits corrosion is "rust busted," painted, and patched. Priority is based on the 
visual inspection condition assessments. Rust busting involves removing rust with a steel brush or wire 
wheel.

Several factors are considered in determining replacement priority including condition, age, 
maintenance history, manufacturer, model, and circuit criticality.

6.3. Spares

Hawai'i Electric Light's current policy is to hold 1 spare 69kV SF6 circuit breakers on-island which 
continues to be sufficient. Spares procured may be used for either corrective or preventive 
replacements/installations. The spares status for circuit breakers is reviewed and necessary orders are 
initiated as part of the annual capital budgeting cycle. Where possible, the spares longest in inventory 
are to be installed first to avoid loss of warranty.
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7. Risk

This section provides an assessment of risks posed by failure of this asset. Subsequent sections will focus 
on ways to eliminate or mitigate these risks.

Depending on the situation, the consequences of circuit breaker failures can be significant including 
damage and/or failure of equipment protected, loss of revenue, and, in rare cases, employee injury. The 
risks posed by oil and gas circuit breakers are different due to the arc-quenching interrupting medium. 
Therefore, the risks associated with the failure of any particular breaker are a combination of these 
factors as shown in the table below. Error! Reference source not found, and Error! Reference source 
not found, are a graphical representation of the table.

Table 7-1: Risk Posed by Transmission Breaker Failure

Risk Type Type Risk Level Event Potential Consequences Probability*

Company
Oil Low

Catastrophic Failure and
• Negative news coverage Low

Image SF6 Low Failure to Operate

Employee
Safety

Oil
Medium-

High
Catastrophic Failure and 
Failure to Operate

• Protected equipment failure 
and damage

• Dielectric breakdown leading 
to catastrophic failure

• Damage to substation

Low

SF6
Medium-

High

• Protected equipment failure 
or damage

• Damage to substation
Low

Environmental

Oil
Medium-

High Catastrophic Failure and 
Failure to Operate

• Oil contamination
• Dielectric breakdown leading 

to catastrophic failure
Medium-Low

SF6
1 Medium- 
1 High

• Release of SF6 gas Medium-Low

Financial

Oil Low
Catastrophic Failure and 
Failure to Operate

• Increasing maintenance and 
repair costs

• Additional expense of making 
repairs or replacements 
under emergency conditions

• Equipment and nearby 
equipment damage

Low
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Risk Type Type Risk Level Event Potential Consequences Probability*

SF6 Low

• Increasing maintenance and 
repair costs

• Additional expense of making 
repairs or replacements 
under emergency conditions

Low

Public Safety

Oil Low

Catastrophic Failure and 
Failure to Operate

• Protected equipment failure 
or damage

• Dielectric breakdown leading 
to catastrophic failure

Low

SF6 Low
• Protected equipment failure 

or damage

• Damage to substation

Low

Regulatory/

Customer

Oil Low
Catastrophic Failure and 
Failure to Operate

• Key customer outage
• Broader outage than 

otherwise necessary

• Relationship damage

• Inquiries

• Mandates

Low

SF6 Low Low

Reliability
Oil Low

Catastrophic Failure and 
Failure to Operate

• Protected equipment failure 
or damage

• Broader outage than 
otherwise necessary

Low

SF6 Low Low

K%3�1��&B1�>�1W�1��N�3>�>�����1� ��� �1M?1��1, ��3�����1��1 ��>��1?���1�1�� �?���� ���1 ��3� ���?�1�1��1, ���, ��>��B1����1�  
�R1 �?�3>��1��� ��3� ��,,�1��1,�
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This section provides analysis of the asset management options to address the age and risks posed by 
the asset.

8.1. Description of Methodology and Assumptions

The software tool used for this analysis was Davies Consulting's Asset Life Cycle Analysis (ALCA) model, 
shown in Figure 8-1, which allows "what-if" analyses of different asset replacement and life extension 
strategies in order to understand the financial and reliability risk implications. Results from this analysis 
can be used to identify "best" strategies for maintaining or replacing aging assets or groups of assets, 
help Hawai'i Electric Light understand the reliability impacts, and determine capital and operations and 
maintenance (O&M) requirements of asset lifecycle management strategies.

Figure 8-1: Asset Life Cycle Analysis (ALCA) Model Home Screen

consuliing Asset Life
Cycle Analysis

Change Password Logout

Home
Data

Deftult Parameters 
Asset Inventory 
FaSure Curves 
Reli^illt/ Impact Strategies 

Scer^arios 
Run Slmiiation Monita- 
Results

AICA User's Manual

Welcome
Next: Data!

Welcome to the Asset Life Cycle Analysis tool. With this system you can:

• Manage your data
0 Set default values for parameters such as inflation rate 
o Upload asset inventory datasets 
0 Customize asset failure curves 
0 Specify effects of failures on customers 
0 Define replacement and maintenance strategies

• Set up simulation scenarios
• Laurrch simulations
• Monitor simulation progress
• Review simulation results

S1ralB0a

SmuuoiMNiunaNwttu it.
^ EXTEND'

WWrW.EXTtHOSIM.COM Copyright (c) 2007 Davies Consulting, Inc. All rights reserved

The first set of information that the model requires is the asset inventory. The inventory is grouped in 
five year age bins and uploaded into the model. For the purposes of this analysis, Hawai'i Electric Light's 
transmission breaker data was separated into two separate groups, oil breakers and SF6 breakers, in 
order to monitor the eventual phasing out of oil breakers on the system. The following two tables show 
the asset inventory by the respective breaker type.
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Lower Age Upper Age Quantity Mean Age
Age Standard

Deviation

0 1 5 0 0 0
6 10 0 0 0
11 1 15 0 0 0
16 20 0 0 0
21 25 0 0 0
26 30 0 0 0
31 35 6 33.83 1.33
36 1 40 12 39.08 0.51
41 45 6 43.33 0.82
46 1 50 2 46 0
51 55 0 0 0
56 60 1 57 0
61 65 0 0 0
66 70 0 0 0
71 75 0 0 0
76 80 0 0 0
81 85 0 0 0
86 90 0 0 0
91 95 0 0 0
96 100 0 0 0

Table 8-2: SF6 Breaker Asset Population in 5 Year Age Bins

Lower Age Upper Age Quantity Mean Age
Age Standard

Deviation

0 5 24 2.88 1.48
6 10 18 7.83 1.34
11 15 8 14.13 0.35
16 20 20 19.55 0.51
21 25 16 23.06 1.69
26 30 7 27.43 0.98
31 1 35 3 32 0
36 40 0 0 0
41 1 45 0 0 0
46 50 0 0 0
51 1 55 0 0 0
56 60 0 0 0
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Lower Age Upper Age Quantity Mean Age
Age Standard

Deviation

61 65 0 0 0
66 70 0 0 0
71 75 0 0 0
76 80 0 0 0
81 85 0 0 0
86 90 0 0 0
91 95 0 0 0
96 100 0 0 0

The costs to replace a transmission breaker is important in determining the overall costs of 
implementing a reactive or proactive strategy. For modeling purposes SF6 construction costs were 
modeled and an average cost was calculated of $98,000 per replacement.

Assumptions regarding the impact of breaker failures on reliability were provided by subject matter 
experts in the Construction and Maintenance department. These assumptions were calibrated by 
comparing proposed breaker failure impacts to historical breaker failure impacts for the past ten years.

ALCA uses a triangular distribution to determine the number of customers affected and the duration of 
the outage. ALCA randomly selects the number of customers affected and the duration of the outage 
somewhere on the curves. This in turn is used to determine the System Average Interruption Frequency 
(SAIFI) and the System Average Interruption Duration (SAIDI) impacts from a breaker failure that occurs 
between inspection periods.

The final assumptions made in the model were the inflation and discount rate and total number of 
customers on Hawai'i Electric Light's system. An inflation rate of 1.9% and a discount rate of 8.076% 
were used. Total customers were needed to properly calculate the SAIFI and SAIDI impact that Hawaii 
Electric Light will anticipate seeing. For purposes of modeling, the assumption for total customers was 
81,368.

8.2. Scenarios Evaluated

A total of 4 scenarios were evaluated which have varying levels of proactive strategies. Hawaii Electric 
Light is looking to levelize the age profile so that in time a consistent replacement schedule will be 
possible. This will make planning, budgeting, manpower resources, and inventory storage easier to 
manage from year to year. This can be achieved by focusing on the age profile at the end of the 20 year 
analysis period.
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All scenarios assumed the current 5-year maintenance practices continue. In addition, it is assumed that 
the Company reactively replaces any transmission breaker that fails outside of the maintenance 

program.

Scenario 1: Baseline - This strategy does not incorporate any proactive replacements. All expected 
replacements are corrective and in response to an in-service failure requiring replacement. This 
continues Hawai'i Electric Light's current 5-year maintenance strategy which includes 1 overhaul on 
each breaker within its lifespan.

Scenario 2: Current Strategy - This strategy is a representation of Hawai'i Electric Light's current 
strategy for transmission circuit breakers which is to replace 2 breakers a year including any in-service 
failures that require replacement. Similar to the first scenario this continues Hawai'i Electric Light's 
current 5-year maintenance strategy which includes 1 overhaul on each breaker within its lifespan.

Scenario 3: Proactively Replace All Breakers Greater than 50 Years Old- The third strategy proactively 
replaces all breakers greater than 50 years of age per year. This strategy also includes the 5-year 
maintenance program and 1 overhaul on each breaker within its lifespan.

Scenario 4: Proactively Replace 4 Breakers per Year over 30 Years - The final strategy that was 
evaluated was replacing 4 breakers a year targeting breakers over the age of 30. This more aggressive 
strategy would eliminate the need to continue the overhaul program but Hawai'i Electric Light will 
continue its 5-year maintenance program.

All of the scenarios listed in Table 8-4 were evaluated over a 20 year period. The run to fail base case is 
the minimum number of transmission breakers that have failed the breaker inspection and maintenance 
program in any given year. This represents the minimum number of transmission breakers that will 
need to be replaced reactively. Each of the scenarios listed in

Hawai'i Electric Light 
Asset Strategy 
Transmission Breakers

Vl.OO March 2014



HELCO-823 
DOCKET NO. 2015-0170 

Page 29 of 3 8
Hawai‘i
Electric
Light Company Confidential

Table 8-3 contain the run to fail base case as well as a proactive replacement strategy to manage the 
asset population over time.
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Table 8-3: Evaluated Scenarios

Scenario 20 Year Total
Costs

Average Annual 
Breakers 
Replaced

Total SAIFI Total SAIDI Mean Age

Run to Fall $8,126,000 2 0.0553 1.6280 23 years

Proactively Replace 2 Breakers Per Year $8,518,000 2 0.0539 1.5866 23 years

Proactively Replace All Breakers Greater than 50 Years 
Old

$10,380,000 3 0.0494 1.4485 22 years

Proactively Replace 4 Breakers Per Year Over 30 Years $13,770,000 5 0.0373 1.0936 14 years

Discussions focused primarily on the age profile as the rate impact to the average customer, a customer 
with a SOOkwh monthly bill, will range between 2 and 3 cents increase in 20 years. This is in addition to the 
29 cents increase required to address the substation transformers that have failed during maintenance. The 
following table shows the 20 year forecast of the four scenarios.
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As previously stated, the focus of this strategy plan is primarily to add a proactive replacement 
strategy to the reactive replacements that will effectively manage the asset in future years.
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Figure 8-2 below shows the current asset inventory and a snapshot of the expected age profile in 20 
years from the base year for the four scenarios. The dotted line is to help in comparing the varying 
heights between each graph.

The reactive run to fail scenario shows that the replacements are not aggressive enough resulting in an 
overall aging of the population to a mean age of 23 years as opposed to the current 20 year mean. The 
second scenario also does not reduce the overall age of the population but begins to bring the 
population into a levelized state where each age bin has the same number of assets. The third strategy 
maintains the overall age population as well as eliminates the high risk breakers over the age of 50. It 
also creates a fairly level age profile which can be easier to manage as the resources needed each year 
will have little fluctuation. The final scenario reduces the overall age of the population to a mean age of 
14 years. This scenario is a bit aggressive in that to maintain this strategy Hawai'i Electric Light will have 
to replace on average 4 breakers a year and breakers will be replaced before their expected life.
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9. Proposed Option

Based on the analysis described in Section 8.2, the stakeholder team agreed to move forward with 
proactively replacing all breakers greater than 50 years old. This strategy also recommends that Hawai'i 
Electric Light continues the 5-year maintenance program and performing 1 overhaul on each breaker 
within its lifespan. Overthe next 20 years Hawai'i Electric Light hopes to maintain the overall age of the 
transmission breaker population and begin to start leveling out the population for easier management in 
the future.

Fluctuations in the replacement schedule will be adjusted in the implementation plan to create an easier 
transition from year-to-year with the more aggressive replacement schedule. For example, the 
implementation plan may distribute the 18 breakers that are planned to be replaced overthe next 5 
years might ramp up starting at 2 breakers in the first year and by the fourth year replacing 4 breakers 
so that the replacement schedule is smoother and help transition to the new strategy. Although 
replacements may be lower the first few years, Hawai'i Electric Light will ultimately catch up in years 6 
through 10 to meet the total breaker replacement schedule. Construction and Maintenance,
Engineering, and the Warehouse are aware of the anticipated ramp up on breaker replacements and are 
preparing for the change while the implementation plan is being developed. The anticipated 20 year 
capital and O&M replacement costs and number of breakers are shown in the table below.

Table 9-1: Anticipated Number of Breakers to Replace and Estimated Costs

Year Anticipated Number of 
Breakers to Replace

Total Anticipated 
Replacement Costs ($)

Impact to 500 kwh/mth 
Bill($)

1 5 $719,900 $0.13

2 2 $425,900 $0.15

3 5 $719,900 $0.17

4 4 $621,900 $0.19

5 2 $425,900 $0.21

6 2 $425,900 $0.22

7 6 $817,900 $0.24

8 3 $523,900 $0.27

9 2 $425,900 $0.28

10 2 $425,900 $0.29

11 2 $425,900 $0.30

12 2 $425,900 $0.31

13 2 $425,900 $0.32

14 5 $719,900 $0.33

15 2 $425,900 $0.35
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16 2 $425,900 $0.36
17 2 $425,900 $0.36
18 3 $523,900 $0.37
19 3 $523,900 $0.39
20 3 $523,900 $0.40

Total 59 $10,380,000

Failure Data Collection

Collect and organize additional data on the circuit breaker population. The additional data collected over 
time will help in evaluating program effectiveness and in refining the circuit breaker replacement plan, 
spares policies, and maintenance programs. The data to be collected and organized should include the 
following (not exhaustive):

Circuit Breaker ID
Status (In-Service, Spare, Removed)
Substation/Location
Circuit ID
Purchase Date
Installation Date
Failure Date
Failure Cause
Manufacturer
Type
Model
Rating/Size
Inspection History
Maintenance/Repair History
Condition
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10. Next Steps

This asset strategy provides an assessment of risks posed by transmission breakers and a proposed 
solution for addressing those risks, including the age profile. After gaining approval of this asset strategy 
by Hawai'i Electric Light, additional steps are required to implement the asset strategy plan, evaluate its 
effectiveness, and make adjustments if necessary. Next steps for each of these are provided below.

10.1. Implementation Plan Development

Key components of the implementation plan to be developed include:

1. Detail prioritization and implementation schedule - Develop and confirm prioritization 
methodology and implementation schedule.

2. Failure data identification and collection - Gather available historical failure data for 
transmission breakers and implement a method for continuous storage of failure data to 
enhance future revisits to the strategy. Develop plan and establish roles and responsibilities for 
collecting and maintaining transmission breaker failure data.

3. Implementation plan execution roles and responsibilities identification - Identify individuals 
responsible for executing key implementation plan tasks.

4. Implementation plan progress monitoring and reporting plan development - Identify required 
information, sources, develop report structure, and report update mechanisms and roles.

10.2. Failure Modeling

Start capturing failure data for the next 2 to 3 years. Once Hawai'i Electric Light has collected 3 to 4 
years' worth of failure data it is important to revisit the transmission breaker analysis using the newly 
developed failure curves based on Hawai'i Electric Light's data to ensure the most accurate 
representation of the assets environment and expected life.

10.3. Program Evaluation

Next steps for program evaluation includes developing an annual evaluation plan, annually evaluating 
implementation progress and impacts against objectives, documenting program results, and identifying 
program issues and the need for asset strategy revisions.
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1. Executive Summary

A transformer is an electrical device that changes an electrical voltage from one nominal level to 
another. In generating stations, transformers are used to step the voltage up to transmission voltage 
levels. At the end of transmission lines, transmission transformers step down the voltage from 
transmission levels to sub-transmission levels and, in distribution substations, unit substation 
transformers further step down the voltage to the primary-feeder level.

Hawai'i Electric Light's system currently consists of 115 substation transformers. As Hawaii Electric 
Light's substation transformers age, the main causes of transformer failures have been insulation 
breakdown - as manifested by high gassing - which is common for old transformers. Substation 
transformer failure consequences can be significant including extended customer interruptions, 
equipment damage, and oil spills.

The current practices and processes used by Hawai'i Electric Light to identify substation transformer 
preventative replacements is working well and it is recommended that this continue. However, Hawai'i 
Electric Light recognizes that the current replacement schedule is not sustainable and will ultimately 
require a more aggressive replacement program to effectively manage the asset. In orderto mitigate an 
aging population, the recommended strategy is to proactively replace the two oldest transformers per 
year.

Under this strategy, the estimated cost for preventative replacements range between $1M and $4M per 
year for a total 20-year plan cost estimated at $42 million (all in 2014 dollars). The proposed schedule in 
the following table provides the reader with an idea of the replacement strategy over a 20 year period.

Proposed Replacement Schedule for Substation Transformers

Year Anticipated Number of 
Transformers to Replace

Total Anticipated 
Replacement Costs ($)

Impact to 500 kwh/mth 
Bill ($)

1 2 $1,806,620 $0.15

2 3 $1,333,421 $0.25

3 2 $1,214,874 $0.32

4 2 $1,193,877 SO.38
5 2 $1,119,768 $0.44

6 2 $1,265,829 $0.50

7 2 $1,022,050 $0.56

8 2 $1,142,520 $0.60

9 2 $1,515,819 $0.66

10 2 $2,972,255 $0.78

11 2 $2,829,962 $0.95
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Year Anticipated Number of 
Transformers to Repiace

Total Anticipated 
Repiacement Costs ($)

Impact to 500 kwh/mth 
Bill ($)

12 2 $2,962,044 $1.11

13 3 $2,779,083 $1.27

14 3 $2,988,963 $1.42

15 3 $4,006,604 1 $1.61

16 2 $2,738,761 $1.79

17 3 $2,607,329 $1.91

18 2 $1,979,549 $2.00

19 2 $1,904,175 $2.06

20 3 $2,386,198 $2.12

Total 46 $41,769,701

This document provides the result of a collaborative Hawai'i Electric Light effort to assess the risks posed 
by substation transformers and develop a workable solution for addressing those risks. After finalizing 
and gaining approval of this asset strategy, the implementation plan will be developed to identify the 
details on how to execute. The implementation plan will also incorporate a ramp up period during the 
first five years of the replacement schedule so that Hawaii Electric Light can transition to the new 
strategy. Although replacements may be lower the first five years, Hawai'i Electric Light will ultimately 
catch up in the remaining years to meet the total transformer replacement schedule.
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2. Asset Definition and Scope

This section provides a detailed description of the asset purpose, function, types, and subcategories to 
be included in the asset strategy.

2.1. Asset Definition

Transformers are electrical devices that change an electrical voltage from one nominal level to another. 
In generating stations, transformers are used to step the voltage up to transmission voltage levels. At 
the end of transmission lines, transmission transformers step down the voltage from transmission levels 
to sub-transmission levels. In distribution substations, unit substation transformers further step down 
the voltage to the primary-feeder level.

A substation transformer typically consists of the following sub-assemblies:

Main tank - Houses the transformer core and the primary and secondary windings as 
well as the insulating fluid. The main tank is air-tightly sealed to protect its contents 
from moisture, dirt, oxidation and mechanical damage.

Load Tap Changer (LTC) Tank - Houses the LTC operator and the insulating fluid which, 
in the case of older transformers, also functions as an arc suppressant. The LTC allows 
the transformer to go 10% below or above rated voltage.

Bushing-An insulating structure that allows for the safe transmission of electrical 
power in and out of enclosures.

Radiators-are part of the transformer's cooling system. The insulating oil circulates 
through the radiators. As the oil circulates through the radiators, it gets cooled.

Fans - aid in cooling the insulating oil by cooling the surface area of the radiators.

Conservator tank-An auxiliary tank partly filled with oil to accommodate change in oil 
volume in the main tank due to change in temperature.

Control panel cabinet - houses the terminations for the transformer's monitoring 
devices and auxiliary devices.

The picture below shows the different sub-assemblies of a typical substation transformer.
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3. Asset Issues

This section describes the main issues with the asset and provides a context for subsequent sections of 
the analysis.

Issues with Hawai'i Electric LighTs substation transformers include: 1) failures and 2) age profile 
concerns

3.1. Failures

Failures of substation transformers can be categorized into three broad types: 1) internal; 2) external; 
and 3) mechanical. Each of these types of failure is further described below.

3.1.1. Internal Failures

An internal failure of a substation transformer involves failure of the transformer core, windings or 
insulation. Several factors can cause a substation transformer to internally fail including moisture, 
oxygen, and faults.

Moisture

Moisture is always present inside a transformer. When a new transformer leaves a factory, it 
has a minimal moisture content. To minimize the introduction of moisture into the transformer, 
a transformer tank is typically filled with nitrogen. However, moisture can still enter the 
transformer from these sources:

1. External Sources - Moisture can enter the transformer from opening the transformer 
during maintenance; precipitation of water from the atmosphere on the inner tank of 
the transformer; or condensation on the tank dripping unto a terminal board or tap 
changer or through the oil onto the paper

2. Internal Reaction - Water is produced during oil degradation when oxygen mixes with 
other hydrocarbons.

A certain amount of moisture can be accommodated by a transformer. However, excessive 
buildup of moisture degrades the dielectric strength of the insulating oil. Additionally, the 
insulating paper degrades with moisture and, consequently, its ability to provide insulation.
With excessive moisture, the oil and paper - instead of acting as insulators - will act as 
conductors.

Oxvaen and Oxidation
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Oxygen is introduced into the transformer either from the atmosphere or when liberated from 
the paper cellulose as a result of heating. When oxygen reacts with hydrocarbons, oxidation 
results which, in turn, results in the formation of sludge. Sludge reduces the ability of the oil to 
circulate through the core, coils, and radiators reducing the cooling capabilities of the oil. 
Furthermore, the byproducts of the oil oxidation that do not result in sludge formation are 
absorbed into the cellulose insulation. These impurities reduce the cellulose's insulating 
capabilities.

Heat and Transformer Overload

A transformer is designed to carry a permissible amount of load and to operate within a 
permissible temperature rise. When a transformer is operated beyond the load for which it was 
designed, overheating results. When this happens, some insulation breakdown occurs and the 
transformer is said to incur some loss of life. Continuous operation of a transformer beyond its 
operating load limit will cause the transformer to incur loss of life at a rapid rate to the point 
that the transformer has no more life left and it fails.

Voltage Transients and Short Circuits

When a transformer is exposed to heat or electrical stresses, the oil inside the transformer and 
the cellulose in the insulating paper break down to form combustible gases. With normal 
transformer aging, these combustible gases form at a very slow rate. However, when a 
transformer is exposed to a fault, these combustible gases form immediately and at a very rapid 
rate. Additionally, large voltage spikes, such as lightning, create severe localized stress on the 
transformer insulation system that could result in great weakening or instant failure of the 
insulation.

3.1.2. External Failures

An external failure of a substation transformer usually involves failure of the transformer tank or the LTC 
enclosure as well as failures of the transformer bushings.

Tank Failure

The main tank of the transformer houses the core, windings, and insulating paper and oil while 
the LTC tank houses the load tap changer. Both enclosures protect their contents from 
contaminants. Leaks on the main tank or the LTC tank - either due to corrosion, poorly-welded 
seams, or damage to an internal barrier board - allow contaminants to be introduced into the 
tanks. These contaminants degrade the dielectric strength of the oil and the insulating 
properties of the oil-paper insulation.
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Bushina Failure

Oil-paper insulation is also widely used in transformer bushings. Sustained environmental 
stresses - coupled with prolonged exposure to electrical, mechanical, and thermal stresses - can 
break down the cellulose bonds of the paper forming byproducts than can lead conducting 
tracks on the bushings which can result in a short on one of the bushing layers.

Dirt on bushings, particularly in coastal areas where the air has an abundance of salt, can cause 
flashovers across the bushings. However, most bushing failures are caused by moisture entering 
the bushing via leaky gaskets or other openings.

3.1.3. Mechanical Failures

A mechanical failure of a power transformer involves the transformer's LTC. The LTC allows for 
regulating the output voltage of the transformer to match system voltage. It does this by adding or 
removing turns in the winding to change the transformer turns ratio. The LTC is the only moving part of 
a transformer. As the LTC operates to maintain a desired voltage with varying loads, the LTC contacts 
incur wear. Also, the insulating oil in the LTC tank becomes dirty, due to switching arcs, which weakens 
the insulating properties of the oil. Additionally, coking develops around the reversing switch due to the 
reversing switch remaining stationary for prolonged periods of time. This coking results in hot spots.

3.2. Age Concerns

The expected life of substation transformers is not well established but is estimated to be in the 45- to 
75-year range, depending on several factors including the following.

Design, Materials, and Construction -Transformers are designed to adhere to certain standards 
and specifications so they can function properly in the system in which they will be operated. 
Design and construction factors include, but are not limited to;

o Oil-preservation system - Transformer oil serves several functions including insulating 
material, cooling medium, and protecting the transformer's solid insulation. The 
efficacy of a transformer's oil-preservation system affects how well the oil performs 
these functions.

o Vintage and Manufacturer_- One manufacturer's design may be more prone to 
particular types of failures when compared to other manufacturers' designs. Even 
within the same manufacturer, one vintage of transformers may be more prone to 
particular types of failures relative to other vintages due to differences in design.

Transformer Loading and Operating temperatures-A transformer's loading directly translates 
to its operating temperature. Transformers are designed to operate within a permissible 
temperature rise. If a transformer is operated beyond its permissible operating temperature
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rise, some breakdown in its insulation occurs. Insulation breakdown translates to reduced 
useful transformer life.

Moisture content and Exposure to Oxygen - The insulating oil in transformers degrades with 
exposure to oxygen or moisture. Both reduce the dielectric strength of the oil. Additionally, 
oxidation may cause sludge formation which impairs heat removal and aids in the formation of 
hot spots which, in turn, causes degradation in insulation ultimately shortening the expected 
useful life of the transformer.

Exposure to external surges and faults - Surges and faults subject a transformer to thermal and 
mechanical stresses which reduce the expected useful life the transformer

Environment - Depending on where the transformer is installed, the transformer may be subject 
to more contaminants, such as moisture and salt in sea coast areas, which may expose the 
transformer tank to more corrosion.

Maintenance - Regular periodic inspections and maintenance discover and address root causes 
before they cause damage and/or power loss.

The expected life range of a transformer - at 45 to 75 years - is wide which makes it difficult to predict 
when a transformer has approached its end of life. However, consortium data from 21 utilities suggest 
an expected life of 55 years for transmission transformers.^

^ From Davies Consulting Asset Life Cycle Analysis (ALCA) consortium of 21 utilities
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4. Asset Base

This section provides an overview of the asset population. The asset counts are based on available data 
and estimates from subject matter experts.

4.1. Asset Counts

As of January 28, 2014, HawaiT Electric Light has 115 substation transformers. Hawai'i Electric Light's 
substation transformer population by manufacturer is shown in the following table.

Table 4-1: Substation Transformer Population by Manufacturer

Transmission Transformer Type Locations
ABB 30
GE 61
McGraw 2
Westinghouse 22

Total 115
Source: Hawai'i Electric Light's Technical Superintendent 

Figure 4-1 shows the breakdown of Hawai'i Electric Light's substation transformer population by MVA 
and by manufacturer. Over ninety percent of the total population are below 20 MVA and are primarily 
manufactured by GE and ABB.

Figure 4-1: Substation Transformer Voltage by Manufacturer

McGraw Westinghouse % Total
Above 20 MVA 2 4 0 2 7%

Below 20 MVA 28 57 2 20 93%

Total 30 61 2 22 100%
'�  3> X�����N  H�7@

4.2. Age Distribution

The approximate age distribution of Hawai'i Electric Light's substation transformer population is shown 
in Figure 4-2. Age was determined by the date the transformer was manufactured and not the 
installation date.
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Table 4-2: Age Distribution

Age Bin ABB McGraw Westinghouse Total
0-5 7 0 0 0 7
6-10 16 0 0 0 16
11-15 3 0 0 0 3
16-20 3 8 0 0 11
21-25 0 15 0 0 15
26-30 1 7 1 0 9
31-35 0 7 0 1 8
36-40 0 6 1 5 12
41-45 0 1 0 9 10
46-50 0 4 0 3 7
51-55 0 3 0 0 3
56-60 0 9 0 0 9
61-65 0 1 0 4 5
Total 30 61 2 22 115
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survivor curve describes the probability of surviving to a given age. So the probability of surviving 
decreases over time to almost 0% by the same 75-100 year age range.

Figure 5-1: Cumulative Density Function and Survivor Curve for McGraw Transformers

Cumulative Density Function vs. Survivor Curve

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

■Survivor curve

Age (yrs)

•Cumulative Density Function

Figure 5-2: Cumulative Density Function and Survivor Curve for General Electric Transformers

Cumulative Density Function vs. Survivor Curve
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The condition of a substation transformer degrades overtime due to corrosion and component 
deterioration, making the transformer less reliable. The rate of degradation is driven by several factors 
such as location (e.g. wet or dry environment, proximity to shoreline), manufacturer or model, and 
maintenance.
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measure of the amount of alkaline agents present in the oil and, therefore, a measure of how much 
the oil has oxidized.

Interfacial Tension

When two compounds that don't mix readily are mixed, a surface forms between them. In this 
similar fashion, when oil and water are mixed, they separate and a surface is formed between 
them. The strength of this barrier between the water and oil is called the interfacial tension.

Clean and new oil has a relatively high interfacial tension. However, as the oil ages and oxidizes, 
the oil's IFT degrades as the byproducts of the oxidation process weakens the interface.

Furanic Compounds and Degree of Polymerization

The solid insulation in a transformer is made up of paper, which is made up of cellulose fibers.
These cellulose fibers are, in turn, made up of glucose molecules. In a brand new paper, the 
polymer chain typically consists of over 1000 glucose molecules. However, drying and installation 
of the paper results in some breakdown of the cellulose polymer such that paper in a new 
transformer only consists between 800 and 1000 glucose molecules. The average length of the 
polymer chain is referred to the Degree of Polymerization and provides an estimate of the amount 
of life left in a transformer.

When a cellulose chain breaks down resulting in multiple shorter chains, one or more of the 
glucose molecules get kicks out to form a furan ring. This furan compound is partially soluble in oil 
and thus can be tested for in an oil analysis. Each furanic compound indicates the condition which 
gave rise to its presence, e.g. overheating, excessive moisture, excessive amounts of oxygen, hot 
spotting, etc. In addition to determining the presence of furanic compounds, the average degree of 
polymerization can also be determined from the furan results.

Dissolved Gas in Oil Analysis

Combustible gases are generated within a transformer either due to mechanical or electrical 
stresses. The insulating materials, both oil and paper, break down to produce these gases. Under 
normal operating conditions, this production of gases ("gassing") occurs at a very slow rate. High 
and rising levels of certain gases are indications of pending problems or, possibly, failures. A 
Dissolved Gas in Oil Analysis (DGA) provides a means to detect the presence of these gases.

Oil analyses are conducted at least once a year for the unit sub transformers and at least once a year for 
the substation transformers. Where there is a trend of rising levels of gassing, oil tests are conducted 
more frequently.
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7. Risk

This section provides an assessment of risks posed by failure of this asset. Subsequent sections will focus 
on ways to eliminate or mitigate these risks.

The consequences of substation transformer failures can be significant including extended customer 
interruptions, damage and/or failure of equipment protected, oil spill, loss of revenue, and, in rare 
cases, employee injury. The overall risks posed by a substation transformer failure, incorporating 
potential consequences and likelihood of occurrence are outlined in the following table.

Table 7-1: Risk Posed by Substation Transformer Failure

Risk Type Risk Level Event Potential Consequences Likelihood*

Company
Image

Low Failure • Negative news coverage
• Can be opportunity for positive news coverage

Low

Environmental “1 Failure • Oil Spill
• Reporting to Department of Flealth

• Fines

Low

Financial Medium i

J

Failure • Extended labor hours to restore the system under 
emergency conditions

• Damage to peripheral equipment

• Potential oil spill and associated cleanup efforts

Low

Public Safety

Low Failure • Redundancy of protection schemes should not expose 
the public to safety hazards.

Low

Regulatory/
Customer

Low Failure • Inquiries

• Mandates

Low

Reliability
Low-

Medium
Failure • Extended customer outages

• Extended period of operating in an abnormal condition

Low

Worker Safety
Low Failure • Injury to personnel working on or around the

transformer at the time of failure

Low

K%3�1� &B1 >�1W�1��N 3> >�����1�  ��  1M?1��1,  �3 ����1��1  �> �1?���1�1��  ?����  ��1  �3�  ��?�1�1��1,  ��,  �> �B1 ���1�  
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Table 8-1: McGraw Substation Transformers Asset Population in 5 Year Age Bins

Lower Age Upper Age Quantity Mean Age
Age Standard

Deviation

0 5 0 0.00 0.00
6 10 0 0.00 0.00

11 15 0 0.00 0.00
16 20 0 0.00 0.00
21 25 0 0.00 0.00
26 30 1 28.00 0.00
31 35 0 0.00 0.00
36 40 1 40.00 0.00
41 45 0 0.00 0.00
46 50 0 0.00 0.00
51 55 0 0.00 0.00
56 60 0 0.00 0.00
61 65 0 0.00 0.00
66 70 0 0.00 0.00
71 75 0 0.00 0.00
76 80 0 0.00 0.00
81 85 0 0.00 0.00
86 90 0 0.00 0.00
91 95 0 0.00 0.00
96 100 0 0.00 0.00

Table 8-2: General Electric Substation Transformers Asset Population in 5 Year Age Bins

Lower Age Upper Age Quantity Mean Age
Age Standard

Deviation

0 5 0 0.00 0.00
6 10 0 0.00 0.00
11 15 0 0.00 0.00
16 20 8 18.50 0.93
21 25 15 23.00 1.36
26 30 7 26.86 1.46
31 35 7 32.14 1.35
36 40 6 38.50 1.52
41 45 1 43.00 0.00
46 50 4 47.50 1.73
51 55 3 52.00 0.00
56 60 9 56.67 0.50

Hawai'i Electric Light 
Asset Strategy 
Substation Transformers



HELCO-824 
DOCKET NO. 2015-0170 

Page 29 of 40
Hawai‘i 
Electric

Company Confidential
Table 8-4: Other Substation Transformers Asset Population in 5 Year Age Bins

Lower Age Upper Age Quantity Mean Age
Age Standard

Deviation
0 5 7 4.14 0.90
6 10 16 7.88 1.45

11 15 3 11.33 0.58
16 20 3 18.67 1.15
21 25 0 0.00 0.00
26 30 1 27.00 0.00
31 35 0 0.00 0.00
36 40 0 0.00 0.00
41 45 0 0.00 0.00
46 50 0 0.00 0.00
51 55 0 0.00 0.00
56 60 0 0.00 0.00
61 65 0 0.00 0.00
66 70 0 0.00 0.00
71 75 0 0.00 0.00
76 80 0 0.00 0.00
81 85 0 0.00 0.00
86 90 0 0.00 0.00
91 95 0 0.00 0.00
96 100 0 0.00 0.00

The costs to replace a substation transformer is important in determining the overall costs of 
implementing a reactive or proactive strategy. The average estimated replacement cost for replacing a 
substation transformer as well as the annual oil test and 5-year maintenance are shown in Table 8-5 and 
Table 8-6.

Table 8-5: Replacement Costs for Substation Transformers

Labor and
Total Replacement Contractor 

Cost (2013$) Cost (2013$)
Total Cost
(2013 $)MVA

$95,000 $410,000$315,0002.5MVA

$95,000 $745,000$650,000lOMVA

$95,000 $1,195,000$1,100,00020-33MVA

Hawai'i Electric Light 
Asset Strategy 
Substation Transformers



HELCO-824 
DOCKET NO. 2015-0170 

Page 31 of 40
Hawai‘i
Electric
Light

Company Confidential
Figure 8-2: Reliability Impact Assumptions

Number of Customers Interrupted
At Least Most Likely At Most

Length of Interruption!. Minutes
At Least Most Likely At Most

0 3000 12000 0 120 200
0 Uncertainty 0 Uncertainty

0.0002 
2? 0.00015
I 0.0001

5E-05

-3000 7000
2000 12000 

Customers Affected

0.01

^ 0.008 
I 0.006 I 0.004 
^ 0.002

Duration (minutes)

The final assumptions made in the model were the inflation and discount rate and total number of 
customers on Hawaii Electric Light's system. An inflation rate of 1.9% and a discount rate of 8.076% 
were used. Total customers were needed to properly calculate the SAIFI and SAIDI impact that Hawaii 
Electric Light will anticipate seeing. For purposes of modeling, the assumption for total customers was 
81,368.

8.2. Scenarios Evaluated

A total of 4 scenarios were evaluated which have varying levels of proactive strategies. Hawaii Electric 
Light is looking to levelize the age profile so that in time a consistent replacement schedule will be 
possible. This will make planning, budgeting, manpower resources, and inventory storage easier to 
manage from year to year. This can be achieved by focusing on the age profile at the end of the 20 year 
analysis period.

All scenarios assumed the current 5-year maintenance practices on Priority 1 substation transformers 
and an annual oil test on all substation transformers. In addition, it is assumed that the Company 
reactively replaces any substation transformer that fails outside of the maintenance program.

Scenario 1: Baseline -This strategy does not incorporate any proactive replacements. All expected 
replacements are corrective and in response to an in-service failure requiring replacement. This 
continues Hawaii Electric Light's current 5-year maintenance strategy on all Priority 1 transformers and 
an annual oil test on all substation transformers.

Scenario 2: Proactively Replace 1 Transformer per Year-This strategy proactively replaces 1 substation 
transformer each year on top of any reactive replacements. Similar to the first scenario this continues

Hawai'i Electric Light 
Asset Strategy 
Substation Transformers
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Figure 8-3 below shows the current asset inventory and a snapshot of the expected age profile in 20 
years from the base year for the four scenarios. The dotted line is to help in comparing the varying 
heights between each graph.

The reactive run to fail scenario shows that the replacements are not aggressive enough resulting 
transformers aging to 80-85 years old. The second scenario is also not aggressive enough leaving 70-75 
year old transformers on Hawai'i Electric Light's system in 20 years. The third strategy maintains the 
overall age population and creates a steady replacement program. Although the final scenario also has a 
steady replacement schedule of 3 substation transformers per year it is too aggressive replacing all 
substation transformers in 38 years.

Hawai'i Electric Light 
Asset Strategy 
Substation Transformers
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20 3 $2,386,198

Total 46 $41,769,701

Failure Data Collection

Collect and organize additional data on the substation transmission population. The additional data 
collected over time will help in evaluating program effectiveness and in refining the substation 
transformer replacement plan, spares policies, and maintenance programs. The data to be collected and 
organized should include the following (not exhaustive):

Transformer ID
Status (In-Service, Spare, Removed)
Substation/Location
Circuit ID
Purchase Date
Installation Date
Failure Date
Failure Cause
Manufacturer
Type
Model
Rating/Size
Inspection History
Maintenance/Repair History
Condition

Hawai'i Electric Light 
Asset Strategy 
Substation Transformers
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2. Asset Definition and Scope

This section provides a detailed description of the asset purpose, function, types, and subcategories to 
be included in the asset strategy.

2.1. Asset Definition

This strategy focuses on the bolts that were installed in wood poles that were treated with the Cellon 
wood preservative process. Cellon is the common trade name for a gas borne treatment process. The 
treatment process uses liquefied petroleum gas (butane) to dissolve the wood preservative, 
Pentaclorophenol (Penta). The preservative is added to the liquefied butane which acts as a solvent. 
During the process the butane changes state to a gas and evaporates, leaving the preservative inside the 
wood cellular structure. This differs from the Penta poles currently used, which are preserved using 
petroleum solvents that do not evaporate and create a corrosive Penta salt environment.

2.2. Asset Scope

This analysis focuses on the bolts installed in Cellon poles. The Cellon poles themselves are included in 
the analysis because the service life of the pole potentially affects the service life of the bolts, and since 
potential solutions may involve pole replacements. The equipment that the bolt mounts to the wood 
poles, such as cross arms, insulators, guys, transformers, anchors, and shield wire attachments, is not 
included as a part of this asset plan since the focus is on the bolts and not the equipment it supports.

The Cellon poles are primarily part of the distribution system, but to a lesser extent they exist on the 
transmission and sub-transmission systems as delineated in Figure 2-1.

Figure 2-1: Cellon Poles by System Type

Cellon Poles by System Type 
Distribution
Transmission
Sub-Transmission
TOTALS
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Asset Age Issues
Aging Asset Population - Hawai'i Electric Light has wood poles installed as early as 1919 on its 
distribution system. The median age of the wood pole population is 27 years. Life expectancy of wood 
poles ranges from 40-55 years depending on its location. The average service life of a wood pole in 
Hawaii is approximately 40 years. The wood poles that have been treated with the Cellon preservative 
process range in age from 28 to approximately 50 years with an average age of 40 years. The average 
service life for Cellon treated poles is expected to be 40 years, similar to wood poles treated by other 
processes. Figure 3-2 shows the age profile for Cellon poles.

Figure 3-2: Cellon Pole Age Profile by System Type
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400
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Distribution
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4. Asset Base

This section provides an overview of the asset population. The asset counts are based on available data 
and estimates from subject matter experts.

4.1. Asset Counts

There are approximately 7669 wood poles installed on the Hawai'i Electric Light system that have been 
treated with the Cellon process. More than half of these poles are located in the Hilo District. The 
breakdown of poles identified by district is shown in Figure 4-1.

Figure 4-1: Number of Cellon Poles by District

Number of Cellon Treated Poles by District
Hilo Waimea Kona Total

4147 807 2715 7669
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corrosion rates. Some early failures, and to a lesser extent, some later failures, cannot be identified 
from the data in the Trouble Call System. The number of failures by district is delineated in Figure 5-1.

Figure 5-1: Number of Cellon Pole Bolt Failures per District

Failures by District Hilo Waime? Kona Total

Failures Identified 77 3 1 81

The Cellon Pole Bolt Failure Analysis must consider the failure probabilities of two components: the 
bolts and the pole. There are 3 failure modes for this pair of assets.

1. The pole fails before the bolts fail. In this case, the pole failure preempts the bolt failure 
and, from a failure probability perspective, the bolts are removed from service before they 
fail. Forthis failure mode, the time to failure cannot be determined.

2. The bolts have failed before the pole fails and are replaced. In this failure mode, the time to 
failure is known if the data can be extracted from the Trouble Call System.

3. The bolts have not yet failed but are anticipated to fail before the pole fails. The time to 
failure cannot be determined for these bolts at this time. It is known that the time to failure 
is longer than the time that the bolts have been installed to date. It is also known that the 
time to failure for this population of bolts is most probably longer than those that have 
already failed.

By selecting the population of Cellon Poles with bolts that have already failed as the statistical 
population for the failure analysis, the resultant calculated time to failure will be shorter than that 
experienced by the total population. Use of the slightly shorter time to failure in developing the 
strategy for Cellon pole bolts is conservative and will err on the side of safety.

Figure 5-2 shows the number of bolt failures identified for each year between 2003 and 2014. In 2008, 
Hawai'i Electric Light began a remediation program to proactively replace bolts. It appears that this has 
had a positive effect on the failure rates since the number of failures has trended steadily downward 
since 2011.
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Figure 5-3: Time to Failure for Bolts in Cellon Poles

Cellon Pole Bolt Years to Failure

Years to Failure

A majority of the Cellon poles that were installed were manufactured in the early to mid-1970s. As a 
result, the majority of the bolt failures identified were also from this time period. Figure 5-4 illustrates 
the approximate year of installation for the poles whose bolts have failed.
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Figure 5-5: Selected Areas with High Failure Rates

Failure Rates for Total Cellon Bolts Bolt Failure
Selected Subdivisions Poles Poles Replaced Failures Rate

Hawaiian Beaches 1136 394 393 22 6%

^Hawaiian Paradise Park 3579 445 59 16 4%

_ Leilani Estates 999 509 508 11 2%

Hilo District 36642 4147 2062 77 2%

All Hawaii 67000 7669 4190 81 1%
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Figure 6-2 provides the replaced bolt age profile.

Figure 6-2: Replaced Bolt Age Profile
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The replacements have primarily been implemented on the distribution system, but a small number 
have been implemented on the transmission and sub-transmission systems as delineated below:

Figure 6-3: Proactive Cellon Bolt Replacements by System Type

Replaced Bolts by System Type
Cellon Poles Replaced Bolts

Distribution
Tr_^nsmission 375 27 7%

Sub-Transmission 54 5 9%
All Systems 7669 4190 55%

% Replaced
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Figure 7-1: Risk Posed by Cellon Pole Bolt Deterioration

1 Risk Type Potential Consequences Likelihood Risk Level
Public and
Employee
Safety

• Deterioration and/or failure of 
Cellon pole bolt increases the 
probability of equipment damaging 
customer's property or causing an 
Injury to a customer or employee

• Damage caused by failing bolt is low 
due to the interconnectivity of the 
adjacent conductors and other 
attachments.

Med - High

Regulatory/
Customer

• Key customer outage
• Relationship damage
• Inquiries
• Mandates

• Increases in deterioration issues due 
to the large number of Cellon poles 
installed in the mid-1970s could lead
to an elevated rate of failures

Med-High

Company
Image

• Negative press coverage of a 
serious customer injury

• Negative press coverage of key 
customer outage

• Negative experience for residents, 
shoppers, patrons, etc. subjected 
to key customer outage

• Loss of support from Commercial
and Industrial customers

• Increases in deterioration issues due 
to the large number of Cellon poles 
installed in the mid-1970s could lead
to an elevated rate of failures

Med-High

Financial • Unplanned and potentially higher 
O&M and capital expenditures 
required to replace damaged 
equipment

• Increase in customer damage
claims

• Unfavorable PUC rulings resulting 
in lower rate of return

• Increases in deterioration issues due 
to the large number of Cellon poles 
installed in the mid-1970s could lead
to an elevated rate of failures

Med

Reliability • Increase in bolt failures will
degrade reliability

• Increases in deterioration issues due
to the large number of Cellon poles
installed in the mid-1970s could lead
to an elevated rate of failures

Med

Environmental • Transformer oil spills and/or leaks • An oil spill or leak incident due to a 
bolt failure could involve
environmental repercussions

Low
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The analysis results for the 81 identified failures are shown in Figure 8-1 below.

Figure 8-1: Resultant Service Life for Cellon Bolt Failures

Average Years to Failure 

Customer Minutes (Hours) from Cellon Corrosion 

Range of Years to Failure for Failures Observed 

Standard Deviation of Failure Data 

Range of Years to Failure for 95.5% Confidence

36.5

778,764 (12,979)

28.1 43.6
3.2

30.0 43.0

The average time to failure was 36.5 years with a range of 28.1 to 43.6 years. The standard deviation is 
relatively small at 3.2 years, indicating that the failure data has a high degree of correlation. This would 
indicate that the 81 failures are most probably a sufficiently sized sample to represent all of the Cellon 
pole bolt failures, and that an expected average service life for bolts in Cellon poles will be higher than 
36.5 years.

To further understand the deterioration of the bolts and validate the failure analysis results, bolts were 
proactively removed from eleven poles for an "as-found" visual inspection. Bolts were removed that 
were installed in different time periods to determine if any differences in deterioration could be 
detected. Bolts were removed that were installed in the 1960s, 1980s, 1970-1976, and from 1977-1979. 
In addition, bolts were removed from poles where the bolts had been replaced in 2009. The inspection 
results are shown in Figure 8-2.
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Cellon poles. If only reactive repairs are performed, as the bolts continue to age, the probability of bolt 
failure will increase.

Figure 8-3: Age Profile for Poles and Original Bolts

28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 57 60

Age for Cellon Poles With Original Bolts

Proactive bolt replacements with standard galvanized bolts

Hawai'i Electric Light has proactively replaced about half of the bolts in Cellon poles with the standard 
galvanized bolts. Figure 6-1 delineates the number of bolt sets that have been replaced by district. 
Figure 5-2 shows the failures by year they occurred. From Figure 5-2, it appears that proactive 
replacements have been effective at reducing the number of bolt failures. The replacement bolts are 
expected to have the same average service life as the original set of bolts. This would be verified if data 
collection for failed bolting would continue. A proactive replacement strategy based on a maximum 
service life of 30 years for the bolts will effectively manage the risk associated with bolt corrosion. If the 
remaining bolts are replaced proactively, their anticipated life of at least 30 years will exceed the 
remaining life of the pole if the pole is replaced according to the pole strategy plan.

Proactive bolt replacements with stainless steel bolts

More corrosion resistant bolts were considered, but since the proactive replacement with standard 
galvanized bolts has sufficient asset life, it was determined that the expected added costs required to 
make this change were not justified.
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Figure 8-5: Cost Analysis Results

Distribution

Transmission

Present Value For Bolt vs Pole Replacement Scenarios

Cost to Replace Bolts in the Current Year at $1366 for 
Distribution and $2666 for Transmission Plus the Present 

Value for a Pole Replacement in the Future Year 
Yearl Year 2 Year 3 Year 4 Year 5 
$11,100 $10,777 $10,465 $10,164 $9,872

$23,468 $22,781 $22,117 $21,474 $20,853
Financial

Assumptions:
Distribution boit and pole replacements = $1333 and $10100, Transmission bolt and 
pole replacements = $2666 and $21512, Discount rate = 6%, Escalation rate = 2.5%
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Figure 9-1: Bolt Replacement Options

Option 1 Option 2
Bolt sets replaced per week 67 14
2015 Budget $4,666,667 $933,333
2016 Budget 0 $933,333
2017 Budget 0 $933,333
2018 Budget 0 $933,333
2019 Budget 0 $933,333

Option 2 is the recommended option and should be implemented using the priorities identified above. 
Option 2 will mitigate the risk associated with Cellon bolt corrosion in an expeditious manner and will 
not increase the number of poles that would have to be managed for follow-up actions. This time 
period also supports remediation of this problem before 2020, which is a regulatory commitment.

Failure Data Collection

Bolt failure data needs to be collected to determine if any replacements bolts have failed. Failures for 
replacement bolts would not be expected and would require an evaluation for the extent of condition.
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10. Next Steps

This asset strategy provides an assessment of risks posed by bolt corrosion in Cellon poles and a 
proposed solution for addressing those risks. After gaining approval of this asset strategy by Hawaii 
Electric Light, additional steps are required to implement the asset strategy plan, evaluate its 
effectiveness, and make adjustments if necessary. Next steps for each of these are provided below.

10.1. Implementation Plan Development

Key components of the implementation plan to be developed include:

1. Detail prioritization and implementation schedule - Develop and confirm prioritization 
methodology and implementation schedule.

2. Failure data identification and collection - Gather available historical failure data for bolts in 
Cellon poles and implement a method for continuous storage of failure data to enhance future 
revisits to the strategy. Develop plan and establish roles and responsibilities for collecting and 
maintaining failure data.

3. Implementation plan execution roles and responsibilities identification - Identify individuals 
responsible for executing key implementation plan tasks.

4. Implementation plan progress monitoring and reporting plan development - Identify required 
information, sources, develop report structure, and report update mechanisms and roles.

10.2. Program Evaluation

Next steps for program evaluation include developing an annual evaluation plan, annually evaluating 
implementation progress and impacts against objectives, documenting program results, and identifying 
program issues and the need for asset strategy revisions.
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2016 Test Year Rate Case 
Distribution Department 

Substation Preventative Maintenance Program

Category Requirement In System
2011

% Completed
2012

% Completed
2013

% Completed
2014

% Completed
2015

% Completed

Substation
Equipment
Inspections Every 2 months Substation (78) 92% 100% 100% 100% 100%
Contract Security 
Inspections Every 2 months Substation (78) 100% 100% 100% 100% 83%
Substation Infrared 
Inspections Every 6 months Substation (78) 88% 100% 100% 100% 100%

Priority 1
Transformer
Maintenance Every 5 years

40 Priority 1 
Transformers 100% 100% 100% 100% 100%

Transformer
Dissolved Gas 
Analysis Every year

Total Priority 1 & 2 = 
125 Transformers 100% 100% 100% 100% 100%

Battery Maintenance Every 6 months 57 Battery Banks 100% 100% 100% 100% 100%
Transmission
Breakers
Maintenance Every 5 years

124 Transmission
Breakers 100% 100% 100% 100% 100%

Distribution
Breakers
Maintenance Every 2 years

118 Distribution
Breakers 100% 100% 100% 100% 100%

Relay Testing
Subs every 5 years 
Plants every 1 -2 years

42 Substations
24 Plants

100%
80%

100%
100%

100%
100%

92%
100%

100%
100%
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YEAR STATION DESCRIPTION
AVERTED

CONSEQUENCE*

2013 Pepeekeo Upon inspection, for low voltage, report found B phase regulator controller problem. Controller 
changed out, back to normal operation.

4,5

2013 Anaehoomalu CB 11 - Found bad relay coil during maintenance, preventing breaker closure. Replaced coil. 2, 10
2013 Kurtistovra From IR inspections, found hot spot for CB 12, burned disconnect. Replaced. 4

2013 Shipman CB 1202, upon inspection, found secondary (auxiliary) contact block cracked and ready to fall apart. 
Crew repaired block, ordered new one for replacement. 4, 11

2013 Waikoloa CB 12, upon inspection and testing, crew found bad 351A relay. Crew replaced. 2,11
2013 Kaloko CB 11, found bad limit switch which prevented closing spring from closing. Replaced. 2,6

2013 Paauilo B Phase regulator found stuck in low tap position during routine inspections. Crew isolated unit and 
replaced. 5

2013 Pepeekeo From battery inspections, crew found 4 bad cells. All were replaced. 4,7
2013 Punaluu Crew found deteriorated 86 relay, replaced. 4, 6,11
2013 Waimea Crews found radiator leak on diesel step up transformer. Radiator sealed off for repair. I

2012 Kulani
During inspection on CB 11, crews found recloser controls not working properly, replaced controller.

2,6

2012 Haina CB 7052 and 7055, crews noticed slow SF-6 leaks from inspections. Crews repaired leaks by 
replacing check valve and manifold connectors.

3

2012 Kanoelehua CB 1910, during routine maintenance, crews found broken auxiliary switch. Crews replaced with 
spare.

4,11

2012 Mauna Lani CB 8202, found hydraulic problems with breaker, affecting ability to close. Temporary repairs made, 
breaker will be replaced, look for available parts.

10

2012 Kahaluu Upon inspection, on CB 8602, found and replaced leaking pilot valve. CB 9501, found seized air 
compressor, replaced.

10

2012 Kahaluu IR inspection found hot spot on cap bank 3. Terminals replaced and repairs were completed. 9
2012 Waimea Battery charger replaced after finding erratic operation during inspections. 4

2012
Hawaiian

Paradise Park
IR inspection found hot spot at riser off (LS) of main transformer. Crews completed repairs. 9

2012 Ouli Crews found cracked "A" bus T-connector during inspection. Outage taken to complete repairs. 9

2012 Punaluu Vandalism reported at the sub, fence had holes cut, grounds were cut. Repairs were completed by 
crews to restore sub.

12

Note I- See HELCO-829 for averted consequence definitions key.
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HAWAII ELECTRIC LIGHT COMPANY SYSTEM INTERRUPTION 
SERVICE RELIABILITY CAUSE SUMMARY 
T AND D EVENTS - WITH NORMALIZATION 

FROM January 1.2016 TO June 30, 2016

HELCO-831A 
DOCKET NO. 2015-0170 

Page 1 of 1

Cause of Outage CUST-HRS CUST-INT SAIF SAID CAID MAIF SAID Rank

Deterioration 7595.0 27120 0.322 5.41 16.80 0.076 3
Tree or Branches 25380.6 16057 0.191 18.09 94.84 0.204 1
Auto Accident 14713.2 6406 0.076 10.48 137.81 0.028 2
Cable Fault 2832.8 1990 0.024 2.02 85.41 0.000 4
Tsf Failure 1376.3 1500 0.018 0.98 55.05 0.010 8
Unknown 2004.1 1004 0.012 1.43 119.77 0.043 5
Scheduled Maint 1552.0 607 0.007 1.11 153.41 0.000 7
Sys Add/Removal 1642.7 382 0.005 1.17 258.01 0.000 6
Other Persnl Err 51.6 141 0.002 0.04 21.96 0.000 12
High Wind 76.6 121 0.001 0.05 38.00 0.000 11
Man or Animal 110.0 68 0.001 0.08 97.03 0.000 10
Forced Maint 31.3 43 0.001 0.02 43.72 0.000 14
Excavate Constr 119.6 29 0.000 0.09 247.52 0.000 9
Lightning 42.2 24 0.000 0.03 105.46 0.000 13
Customer Equip 10.0 15 0.000 0.01 40.00 0.000 16
Loose Connection 6.6 13 0.000 0.00 30.31 0.000 17
Balance Load 19.6 7 0.000 0.01 168.00 0.000 15
Equip Contact 6.1 3 0.000 0.00 122.33 0.000 18
Equip Failure 5.8 3 0.000 0.00 115.00 0.000 19
Fire 2.6 2 0.000 0.00 78.50 0.000 21
Vandalism 4.2 2 0.000 0.00 125.50 0.000 20
Foreign Objects 0.0 0 0.000 0.00 0.00 0.000 22
Flashover 0.0 0 0.000 0.00 0.00 0.000 23
Tsf Overload 0.0 0 0.000 0.00 0.00 0.000 24
Equip Overload 0.0 0 0.000 0.00 0.00 0.000 25
Faulty Equip Opn 0.0 0 0.000 0.00 0.00 0.000 26
Opn or Sw Error 0.0 0 0.000 0.00 0.00 0.000 27
Flood Tsunami 0.0 0 0.000 0.00 0.00 0.000 28
Transfer Load 0.0 0 0.000 0.00 0.00 0.000 29
Customer Maint 0.0 0 0.000 0.00 0.00 0.000 30
Balloon/Kite 0.0 0 0.000 0.00 0.00 0.000 31

TOTALS 57582.9 55537 0.660 41.03 62.21 0.361 1

NUMBER OF CUSTOMERS FOR THE PERIOD = 84199 
SAIF = SYSTEM AVERAGE INTERRUPTION FREQUENCY 
SAID = SYSTEM AVERAGE INTERRUPTION DURATION 
CAID = CUSTOMER AVERAGE INTERRUPTION DURATION 
MAIF = MOMENTARY AVERAGE INTERRUPTION FREQUENCY 
THE OUTAGE CAUSES ARE LISTED IN ORDER OF ITS SAIF 
Run 8/2/2016 8:49:38 AM

ASA= 99.992%
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automobile accidents damaging HawaiT Electric Light facilities, lightning striking on or near 
power lines or equipment, underground cable faults, and high winds damaging T&D facilities.

HELCO-831 illustrates the historical trends for the leading causes of outages and its effect on the 
service reliability indices. HELCO-831A shows service reliability statistics for the leading 
causes of outages for January 2016 through June 2016.
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Most of these trees — notorious for their shallow roots and brittle yet heavy branches 
— are found in the forest where trunks and limbs will fall harmlessly to the ground.
But some — maybe too many — will crash down on roads, power lines, yards and 
houses, officials warn.

With another storm bearing down on the islands and a busy hurricane season 
expected through November, some folks are feeling a bit uneasy.

"We’re still vulnerable," U.S. Forest Service scientist Flint Hughes said last week. 'There 
will be more storms. It's just a matter of time. It's Just a matter of where and when. It 
would behoove us to do what we can to be safer."

When Tropical Storm Iselie slammed into Puna last August, fallen albizia trees left 
neighborhoods devastated by blocked roads, downed power lines and damaged 
homes. Scores of residents were trapped without water and power.

"When the power is out for one night, it can be romantic, maybe even fun," said state 
Sen. Russell Ruderman (D, Puna). "When the power is out for one week, it’s a really 
stressful thing."

An estimated 90 percent of the tree damage caused by the powerful wind and rain of 
Iselie was blamed on albizia trees, resulting in a public cost of more than $20 million.

Puna has been dealing with the albizia hazard for decades, and Ruderman was 
sounding the alarm about the safety threat even before Iselie caught the attention of 
the rest of the state.

Despite 11 bills in last year’s state Legislature asking for funds to tackle the problem, 
none of the proposals was approved, including a $3 million request from Ruderman, 
who was trying to underwrite the state's portion of a multiagency control plan.

Before the session was over, lawmakers did give $1.5 million to the Department of 
Transportation to take care of hazardous trees along state highways.

"I'm thankful for what we got, but it doesn't begin to address the problem," Ruderman 
said.

The albizia was introduced to Hawaii in 1917 by Hawaii botanist Joseph Rock, who 
thought the fast-growing trees would help restore the state’s declining forest 
watersheds. In the following decades, territorial foresters planted 140,000 albizia trees 
across the state, along with other alien trees such as the eucalyptus and African tulip.

Albizias are among the fastest-growing trees in the world, known to rise up an inch a 
day and reach 100 feet in 10 years in wet lowland forests. The largest trees are 
estimated at 150 feet with trunks 48 inches in diameter and massive limbs that break 
easily in storms or with age.

Because the trees grow so fast, the wood is brittle and weak. Heavy branches can drop 
with no warning, even from healthy trees.

http://www.staradvertiser.com/hawaii-news/albizia-trees-can-damage-houses-and-take-out-... 8/3/2016
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» University of Hawaii at Hilo researchers have conducted tests using unmanned 
aircraft to take aeriai imagery to help with management efforts.

» The Big Island Invasive Species Committee has trained 300 people over the last three 
months to report and treat albizia trees in and near their own East Hawaii 
neighborhoods.

» Six workshops on the albizia problem were held at the recent Hawaii Conservation 
Conference in Hilo, attended by conservation officials from around the state.

Hughes, the Forest Service scientist, said there's a long way to go, but new research 
has allowed officials to refine techniques and make inroads toward effective, 
economical and safe ways to attack the problem.

"We can control this if it is made a priority," he said.

"Something can be done," said Kaye, the Big Island Invasive Species Committee 
manager. ‘These trees went unmanaged for decades. Now we're just getting started 
and making a huge amount of progress. We can do it together."

But Ruderman warned that significant funding will be necessary in Puna and 
elsewhere to come to grips with a problem that is growing "exponentially."

"Whatever the cost to control albizia, it's going to be much less than the cost of the 
cleanup," he said. "And everyyear we wait, controlling it will cost much more."

http://www.staradvertiser.com/hawaii-news/albizia-trees-can-damage-houses-and-take-out-... 8/3/2016
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As it turns out, Hawaii island took the biggest hit from the Aug. 8 storm, with hundreds 
of albizia trees having been walloped by tropical storm-force winds in Puna.

Oahu escaped the worst of it, which means the long-awaited tree removal project at 
the University of Hawaii arboretum will be able to commence in the next few days.

The plan is to remove 12 of the largest albizia trees in the state, a stand situated just 
mauka of the Great Lawn. University officials want to remove the threat to some of the 
arboretum’s rarest plants, which are planted under the towering albizias.

The rare and endangered plants include a wide range of palm tree species from 
islands across the Pacific and at least one from Borneo found nowhere else in the 
United States. Another vulnerable specimen is the striking flame tree of Trinidad, with 
its brilliant, torchlike red blooms.

Planted in the arboretum 85 years ago or more, the full-grown albizia trees range in 
height from 130 feet to 205 feet. The largest has a trunk nearly 11 feet around, officials 
said.

The albizia, or Falcataria moiuccana, is native to the lowlands in the Molucca Islands of 
Indonesia and was introduced to Hawaii in 1917 by Joseph Rock in an effort by early 
foresters to save Hawaii's watersheds. Over the next several decades, thousands of 
albizia seedlings and seeds were planted throughout the islands, especially on Kauai, 
Oahu and Hawaii island, and the species has proliferated across the state.

As it turns out, the tree was bad news for the native forest. Because they are nitrogen- 
fixers and drop prolific leaf litter, they alter the soil chemistry, allowing other weeds to 
invade and take over native habitats.

Described as the fastest-growing tree in the world, the albizia has a recorded growth 
rate of up to 15 feet per year. The trees can develop an immense canopy of more than 
150 feet in width.

They have weak wood, making them prone to breakage. And the trees have large 
branches that are exceptionally long, with high weight on the ends. While branch 
failure is especially common during high wind, these trees are also susceptible to 
"sudden limb drop" in which branches will drop without warning for no apparent 
reason, Kwan said.

"They can cause a lot of damage," said Carl Evensen, the arboretum's interim director.

Pearl City-based Imua Landscaping Co. will perform the tree removal work at a cost of 
$980,000. Much of the high cost is due to the fact that the removal must occur with 
minimal damage below, officials explained. The company will use large cranes and 
special equipment, and the work is considered especially dangerous.

The albizia trees are scheduled to be removed two per month between now and 
February. Once they are removed, the arboretum will grow new plants that will be 
screened for their weed risk to avoid invasive species like the albizia, officials said.

http://www.staradvertiser.com/hawaii-news/albizias-on-way-out-2/ 8/3/2016
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Experts: Albizia trees are 'menace', pose serious 

threat statewide
Published: Tuesday, August 19th 2014, 1:49pm HST 
Updated: Tuesday, August 19th 2014,2:45pm HST
By Mileka Lincoln, Reporter connect

HONOLULU (HawaiiNewsNow) - In the aftermath of Iselle. environmental experts say the devastation caused by toppling albizias throughout Puna 
should serve as an important warning about the danger these trees pose across the state.

From Hawaiian Paradise Park to Kapoho, the destruction caused by albizias is staggering.

"There's areas where it looks like a giant has come through with a weed-whacker," said Springer Kaye, manager of the Big Island Invasive Species committee.

Officials say in the aftermath of Iselle, it's clear albizias were the major cause of storm damage.

"We understand now, that if albizia wasn't here - if ohia was the dominant tree species, in and around the communities in Puna - we would be 
dealing with a fraction of the destruction," explained Flint Hughes, a research ecologist with the U.S. Forest Service.

The invasive species was first introduced in the 1920's to provide shade. Experts say they're becoming more prevalent on the islands of Oahu and 
Kauai -- where a significant growth of trees popped up after Hurricane Iniki.

"If that same hurricane hit today with the populations of albizia that are now there, the destruction would have been much greater," said Hughes.

The trees grow up to an inch a day, but they're weak and brittle and in a storm, they splinter and crack like toothpicks. Officials say the trees are a 
menace, not Just because they can grow more than 200 feet, but how easily they spread.

Experts say one of the biggest problems with albizias is the fact they create their own fertilizer and when they're ripped from the ground it 
stimulates seedlings and causes regeneration.

"One of the key messages is not to bulldoze your property if you can avoid it. Take down the trees that are problem trees and when you cut the 
tree down and leave the stump in place and leave the surrounding vegetation it will prevent seedling regeneration. The seedlings are intolerant of 
shade, they need full sunlight. If you leave other plants in place, you can really suppress albizia'sfrom coming on your property," said Kay.

Officials say being pro-active is the best way to save your property, but if you can't cut trees down - then don't take any chances the next time a 
storm passes through, just evacuate.

"That's probably the smartest thing to do because no matter what. Nothing is more valuable than your own life and the lives of your family," said Hughes.

Experts say the best way to prevent extensive destruction like that seen in Puna is to identify critical infrastructures and remove hazardous albizia 
trees from those areas immediately.

Copyrigfif 2014 Hawaii News Now. All rights reserved.
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Albizia's falling limbs have Hilo 

resident up a tree
By Associated Press 
August 13, 2013

COURTESY RUSSELL RUDERMAN
Courtesy Russell Ruderman Nicknamed 'junk trees," albizias can cost $2,000 to $10,000 to remove. An albizia tree on Hawaii 
island was toppled by wind during Tropical Storm Flossie.

HILO » A Hilo man has spent a year trying to do something about a fast-growing, 
invasive tree that looms over his home.

Daniel Grant-Johnson, 62, said he's worried the albizia tree, or its expansive branches, 
will topple on someone.

ht^://www.staradvertiser.com/hawaii-news/aIbizias-faUing-limbs-have-hilo-resident-up-a-tr... 8/3/2016
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"Limbs are always falling when it storms or it’s windy," he told the Hawaii Tribune- 
Herald for a story Monday. "Just a few months ago a limb fell and blocked the whole 
street. The county had to send guys out with chain saws to clear the road."

He added, "God forbid, someone could get really hurt."

Grant-Johnson said he has worked for about a year to contact the owner of the 
property to cut down the tree, but he's had virtually no luck in getting a response. 
Hawaii County has also gotten involved by filing a lawsuit in June against the property 
owners.

And a bill being considered would add unsafe flora to an ordinance governing 
responses to refuse and undergrowth on unoccupied lots.

"There needs to be some way for lot owners to be accountable for dangerous trees on 
their property," said the bill's sponsor, County Councilman Zendo Kern.

The invasive species are among the fastest-growing trees in the world and can climb 
up to 60 feet, according to the U.S. Forest Service. Nicknamed "Junk trees" in Hawaii, 
their huge branches can easily fall, experts say, and so can whole trees.

Contacting absent property owners has been difficult, said Deputy Corporation 
Counsel Michael Udovic.

"We've had some cases where the county has had to hire somebody just to sit on a 
piece of property and wait for someone to come by," he said.

According to the lawsuit, the county Department of Public Works hasn’t heard from the 
defendant since January, after she was granted an extension to address the violation 
concerning the tree.

The Big Island Invasive Species Committee estimated it can cost $2,000 to $10,000 to 
remove an albizia tree.

http://www.staradvertiser.com/hawaii-news/albizias-falling-limbs-have-hilo-resident-up-a-tr... 8/3/2016
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Smart Grid Base Stage: Instrumented and Interconnected Smart Grid Enhancement Stage: Intelligence

SG Discovery, Evaluation, SG Initial & Application 
Planning & Assessments Phases

(...2012-2013) (2014-2016)

■ SG Roadmap and
Business Case published 

• SC Initial Phase 
Implementation

■ SG Demonstrations 
•rormallteSG

collaborations and 
strategic partnerships

■ Obtain approvals for full 
SC implementation

■ Continued 
improvements for 
connecting transmission 
and distribution 
substations

Near Term 
SG Related Projects 

(2016-2021)

■ Implement base capabilities 
to realize SC vision to all 
five island grids

• Continue to monttor and 
track customer benefits 
from SmartCrid 
technologies

■ Continue to assess new uid 
existing solutions forfeiture 
Integration

Predictive 
Intelligence 

(2022 - 2024)

Autonomous
Operations

(2025-2027)

For Example; For Example;
■ Predictive grid operations ■ Autonomous load 

shifting/balancing

Independent
Systems

(2028-2031)

For Example;
■Self learning/healing 

systems

■ Initiated Smart Grid 
technologies and pilot 
projects for potential future 
int^rations

■ Committed to implementing 
Smart Grid in Hawaii

■ Identified Silver Spring 
Networks as strategic partner

• Organited Smart Grid team
■ Established initial 

telecommunications master 
^an

■ Expanded SCAOA controls
■ Limited implementation of 

transmission and substation 
automation

Figure 1

Upon completion of the Initial Phase (Q4, 2014 through Ql, 2016), the Companies synthesized 
the information garnered from the demonstration, together with data collected from the Maui 
Smart Grid pilot projects, then used this information to complete its Application to the 
Commission for a large-scale implementation of Smart Grid solutions tailored individually for 
0‘ahu, Maui, Lana‘i, Moloka‘i, and Hawai‘i Island. The chosen solutions were based on the 
refined benefits-to-cost (“BCR”) analysis utilizing lessons learned from the Initial Phase 
demonstration and specific analysis of proposed operation and technical use in reducing 
operational costs. Although the proposed SGFP Application by itself does not present a positive 
BCR, the overall business case, as presented in the Smart Grid Strategy and Roadmap^ for the 
complete Smart Grid program supports an integrated view with an overall positive BCR by 
leveraging the Application’s foundation to build upon additional support for the integration of 
Demand Response, Distributed Energy Resources, and incremental enhanced capabilities that 
will guide the Companies toward reaching the State’s Renewable Portfolio Standards (“RPS”) of 
100% by 2045.

As part of Phase 3 shown in Figure 1 above, and beginning in 2017 following Commission 
approval, the Companies plan to deploy smart meters, access points, relays and extend the 
Advanced Metering Infrastructure (“AMI”) network throughout their service territories, 
beginning with customers on 0‘ahu in 2017, then on Molokafi, Lana‘i, Maui and Hawai‘i Island 
beginning in 2018 and ending collectively in 2021. As these preliminary AMI technologies and 
devices are installed, the Companies will follow with layering the deployment of their CFS, 
CVR, DEC, OMS and MDMS beginning in 2017 through 2022 in order for the lull benefits of 
these additional Smart Grid-technologies to utilize the AMI network and meter data to provide

See Exhibit A in Docket No. 2016-0087, filed March 31, 2016.
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year revenue requirement are in the abundance of caution, and would only apply if the 
Commission denies the Companies’ request to recover the SGEP costs via the REIP Surcharge.^

Eor HawaiT Electric Light, the original estimated costs proposed in the SGEP Application and 
specific to the 2016 test year filing (i.e.. those SGEP implementation costs that will be incurred 
between 2016 and 2018) total approximately $22,017,000, mid are applicable to the SGEP’s 
deployment of AMI, CVR, OMS and CE capital, deferred and expense costs of $2,634,000 and 
$19,383,000 that occur in 2017 and 2018, respectively.^'^ Due to the shift in the SGEP’s 
implementation start date, the total costs incurred for the SGEP in 2017 and 2018 are now 
estimated at $12,326,000, and are applicable to the deployment of the same components but with 
shifted implementation schedules (see HELCO-835A). The differences between the original 
costs presented in the SGEP Application versus the costs resulting from the six-month delayed 
project start are due to:

1. The shift in deploying AMI-specific equipment and hardware on HawaiT Island, 
such as smart meters, access points and relays, by six months results in less costs 
being incurred in 2017 from approximately $1,430,000 to roughly $1,248,000, 
and in 2018 from approximately $14,113,000 to roughly $7,238,000;

2. The six-month delay of Customer Engagement costs associated with the 
deployment of the AMI equipment and hardware, reducing the estimated 
expenditures being incurred in 2018 by roughly half from $284,000 to $142,000;

3. The delayed installation of CVR equipment, which requires the AMI 
infrastructure to be in-service, subsequently resulting in less costs being incurred 
in 2017 from approximately $173,000 to roughly $87,000, and in 2018 from 
approximately $2,299,000 to roughly $1,236,000; and

4. The shift of extending the Companies’ existing OMS to HawaiT Island to 
accommodate the new target start date, which reduces the costs being incurred in 
2017 from approximately $1,031,000 to roughly $516,000, and in 2018 from 
roughly $2,686,000 to approximately $1,859,000.

Eor the purposes of the proposed REIP Surcharge requested in the SGEP Application, the 
Companies also realize the necessary cost adjustments required in order to update the proposed 
surcharge estimate, specifically those related to: (1) post-in-service/go-live costs; (2) pre-in- 
service/go-live expenses; (3) post-in-service/go-live ongoing expenses; and (4) customer 
engagement expenses. As mentioned above, the estimated customer engagement expenses have 
been reduced by approximately half in order to align with the new AMI deployment schedule for 
HawaiT Electric Light.

^ The Company would seek recovery of the revenue requirements for the capital costs associated with the SGFP that 
go into service in the years between rate cases (e.g., the return on and return of the capital investaient) through the 
Rate Adjustment Mechanism (“RAM”) beginning the year the assets go into service until the Company receives 
approval to include such costs in the test year revenue requirement in a future rate case.

See Exhibit B, Attachment 2, page 3, in Docket No. 2016-0087, filed March 31, 2016.
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operational benefits presented above, the Companies do not expect the estimated REIP surcharge 
to be significantly different than what was originally presented in the SGEP Application, with the 
major change being that the proposed REIP surcharge requested would now begin in July 2017 
versus January 2017 to align with the SGEP’s new target start date.
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