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Public Utilities 
Commission of Ohio 

IVlemo 
To: Docketing Division 

From; George Martin, Grade Crossing Planner, Rail Division 

Re: In the matter of the authorization of Norfolk Southern Railway to install an active grade crossing 
warning device in Trumbull County 

Date: November 15,2013 

The Ohio Rail Development Commission (ORDC) has authorized funding for Norfolk Southern 
Railway (MS) to install mast-mounted flashing lights and gates at Trumbull County, near 
Hubbard, CR 98/Seifert Lewis Rd, DOT# 5447190. The crossing was surveyed on May 7, 2013, 
and was found to warrant the upgrade. 

The project will be paid for with federal funds, and is actual cosl. As the plan and estimate for the 
project has been submitted and approved, staff requests an Entry with completion due in nine 
months. Construction may commence at once. Staff requests that the following language be 
incorporated In the Entry: 

It is expected that all work necessary for FHWA acceptance of the warning devices will be 
completed by the in-service due date and that the raiiroad wiil be responsible for this 
work. This work includes, but is not limited to: 
Any ancillary work to make the warning devices function as designed and visible to the 
roadway user, and 
MUTCD compliance, including minor roadway work if necessary. 

A suggested case coding and heading would be: 

PUCO Case No. 13- ^ ^ 3 k D ^ -RR-FED In the matter of the authorization of Norfolk 
Southern Railway to install an active grade crossing warning device in Trumbull County 

"0 
d 

C: Legal Department O 

Please serve the following parties of record. 

Tnis Is to certify that the ±me.̂ ^Q ar̂-f̂ -̂rir-r- -
accurate and complete reproductiS^ t" ^'J^? J"?,^" 

r-^haxcxan 4 ^ , / , Date Procesaad , / ^ X ^ 3 

r o I.JJ 

T ^ 
L,> 
-< 
_~_ O l 

7 ^ 
IS. 

H 
j r -

-*J 

rci 

<n 
t n 
- C 
r - i 
v " 

- ~ T 

o 
i—' 

'.̂ '. 
' • • ! 

~ 
- • ' ' -

L. J 



Ms Cathy Stout 

Ohio Rail Development Commission 

1980 W Broad St, Mailstop #3140 

Columbus, Oh 43223 

Ms Cayela Wimberly 

Norfolk Southern Railway 

1200 Peachtree St NE, Box 123 

Atlanta, Ga 30309-3597 

Mr Casey Talbot 

Eastman & Smith Ltd 

One SeaGate, 24th Floor 

PO Box 10032 

Toledo, Oh 43699-0032 

Mr Gary Shaffer 

Trumbull County Engineer 

650 North River Road N.W. 

Warren, Ohio 44483-2255 

Ohio Edison 
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OHIO RAIL DEVELOPMENT COMMISSION 
INTER-OFFICE COMMUNICATION 

TO: RandaU Schumacher, Rail Division Chief; PUCO 

FROM: Cathy Stout, Manager, Safety Section, ORDC 

BY: Mike Forte', Project Manager, ORDC MOf^ 

SUBJECT: County Road 98, Seifert Lewis Road 
Trumbull County 
Norfolk Southern 
USDOT544 719C 

DATE; November 4,2013 

The Public Utilities Commission of Ohio (PUCO) established a diagnostic survey at the subject 
location on May 7, 2013, The Ohio Rail Development Commission (ORDC) attended the review. 
The Diagnostic Team recommended the improvement of warning devices to flashing lights and 
roadway gates. Copies of the diagnostic review form and the plan and estimate are attached. 

PE has already been provided by the raihoad. ORDC approves the site plans and estimates as 
provided. Please issue a construction-only order for the project outlined above. This 
authorization is made with the stipulation and understanding that an ^proved estimate may 
contain entries for items or activities that may be cited and found to be ineligible for federal 
participation during the project audit. 

It is expected that all work necessary for FHWA accq>tance of the warning devices will be 
completed by the in-service due date and that the railroad will be responsible for this work. This 
work includes, but is not limited to: 

• any ancillary work to make warning devices function as designed and visible to the 
roadway user, and 

• MUTCD compliance - including minor roadway work if necessary. 

Thank you for your assistance with these matters. 

Attachment: Diagnostic Review 
Plans & Estimates 

c: George Martin, PUCO 
ORDC Project Manager (file) 



OHIO RAIL DEVELOPMENT COMMISSION 
Mall Stop #3140,1980 West Broad Street Columbus OH 43223 

John R. Kasich, Governor • James G. Bradley, Chairman 

November 4, 2013 

Ms, Cayela J. Wimberly 
Norfolk Southem Railway 
Public Projects Engineer 
1200 Peachtree Street, Box 123 
Atlanta, Ga. 30309 

RE: Grade Crossing Warning Project 
County Road 98, Seifert Lewis Road, USDOT 544 719C 
Trumbull County 

Dear l^s^-Wtrnfely: 

The plan and estimate dated September 12,2013, for the referenced project has been reviewed 
and is acceptable. Norfolk Southem (NS) may proceed with the construction of the proposed 
grade crossing warning system in accordance with the abbreviated plan. This autiioiization is 
made with the stipulation and understanding that the approved estimate may contain entries for 
items or activities that may be cited and found to be ineligible for federal participation diuing the 
project audit. Reimbursement of eligible actual cost is limited to $321,165,00, Additional costs 
must be approved in writing by the ORDC prior to being incurred. Emergency verbal 
authorizations by ORDC may be permitted and will be confirmed by ORDC in writing within ten 
(10) business days of the verbal approval. 

This authorization is contingent upon NS accepting the following instructions: 

1. NS's project foreman vnli fijmish written notification five (5) working days prior to the 
date work will start at the project site to the Public Utilities Comndssion of Ohio at 
George.martinfglDuc. state. oh,us, NS's project foreman v̂ l̂l also notify the same of any 
stops and re-starts of the work activity and of the date work was completed for the 
project. 

2, NS's project foreman will fiimish written notification five (5) working days prior to the 
date woric will start at the project site to Mike Forte, Ohio Rail Development Commission 
(ORDC), email Mike.forte@dot.state.oh.us or telephone 614-374-9287. NS's project 
foreman will also notify the same of any stops and re-starts of the work activity and of 
the date work was completed for the project. 

O www.raif.oh(o,gov phone: 614,644,0306 

IMPROVING RAILTODAY FORTOMORROW'S ECONOMY 

mailto:Mike.forte@dot.state.oh.us
http://www.raif.oh(o,gov
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3- NS will arrange for utilities to be located at the project site by the Ohio Utilities 
Protection Service (OUPS) prior to any construction activities at the site. Utilities that 
are not participating members of the service must be contacted directly by NS, 

4. NS's project foremen will notify Mike Forte of any changes in the scope of work, cost 
overruns, material changes, etc. which are not included in the approved plan and estimate 
and secure approval of same before the work is performed. 

5. NS will furnish two (2) copies of each partial bill to ORDC. Please find ttie enclosed 
Purchase Order to reference when billing. 

6. NS will furnish two (2) copies of the final all-inclusive bill to ORDC stating the exact 
dates of starting and completmg worit, the initial and final dates of construction and 
location where the accounts maybe audited. 

Thank you for your assistance with these matters. 

Sincerely, 

Michael t̂ ortd / 
Project Manager 

C: Randall Schumacher, Rail Division Chief, PUCO 
George Martin, Grade Crossing Planner, PUCO 
Susan Aiduini, ORDC 
ORDC (file) 



OHIO RAIL DEVELOPMENT 
COMMISSION 

Ohio Rail Development Commission 
Mail Stop 3140. 1980 W. Broad Street, 

Columbus. OH 43223 

R e ^ o n for Survey: f^^^^,^ 
(E.g. formuta. accident, coflsottent, etc.) 

Diagnostic Review Team Survey 
Date: 5/7/13 

Street or Road Name: 
Seifert Lewis Rd. 

Route/Road Number 
(i.e. Twp., Co„ SR or IJS) CR98 us DOT Nn: 5447 i9C 

Courrty: 
TRU Townidilp: City: 

(In or|Near) Youn^town 

Railroad 
Name hJorfolk Southern Railroad - j ^ , i. 

Division: Pittsburgh 
BrancMJne 
Name: 

Youngstown U 

Nearest RR 
Timetable Station: QotdlSSfC H v ^ g A . ^ c 9 . 
On-Site Review Team 

RR Milepost 53 Q | 

(Include; Name-^gan iza t ion-Phone Number-Email) 

1. Miî t r b m o ^ c 6<A- • ' f n - ' im 
• f ^ l U . Ff̂ MTiX^ TUCg (j'i-l^'X'-'li<--\ 
.̂ PAVC MJO-^-^l^ JUUUJJJLH. 33g-g3T--7V/^? 

4. ' ^ • S ^ ( O f ^ ^ 

5. ( ; j t > r ^ S k , ^ ^ y 

/ ^ ^ C £> <^^ MJ-^JZc 
"?'r\.*t**tk^U ^*K-^ •s ^̂  J3o.t7^^6'/<^ 

6. 

7. 

8. 

9. 

' ^ D:ct2^ Vs 33o-vv- y-̂ si 
l)Aa^ M :̂r̂ -rv^e M ^ . ^ f t j ' 2 > / - 6 8 / / 

E x i s t i n g T»*affic C o n t r o l Dev i ces 

Type of Warning Devices ^ Installed? 

HYes 
Quantity/Conrmients 

Advance Warning Signs (condition?) D N o 
"Stop' Signs D Yes [g'^No 

[g^No "Stop Ahead' Signs 

Pavement Marking (condition?) DNo 
Crossbucks ffl^ as DNo 
Number of Tracks Signs 

Inventory Tags 

[gtes DNo 
B ^ es D,i>i° 

Interconnected Highway Traffic Signal 

Mast-Mounted Flashing Lights 
DYes 
B^es 

BIMO 

GNo =z:̂  
Cantilever Flashing Li^ts Q Y e s aNo 

0 N o " 
Number: Length: 

Side Lights D Y e s 

DYes 0I Automatic Gates Number Length: 

Bells QYes 
M 

Number 
Sidewalk Gate Arms DYes 0^ 
'No Turn' Signs DYes 

[g[No Illumination D Y e s 

Is crossing flagged by train crew? DYes M 
Other DYes 

UPDATED (04/2013) 



Safety Data (Obta in crash repor ts , if possible, p r io r t o rev iew) 

Number & dates of crashes 
in previous 5 years 

hlazard Ranking 

Initial Information ( f rom database) 

0 

1134 Date Run: 4/8/13 

Revised 

Railroad Data 
Railroad Characteristics 

Total trains per day 

< 1 per day 

Day thru trains 

Night thru trains 
Daytime switching movements 

Nighttime switching movements 

Total number of tracks 
Number of main tracks 

Number of other tracks 
Maximum train speed 

Typical train speed 

Amtrak 

Initial Information ( f rom database) 

21 

10 

9 
2 

0 

2 

1 

0 

40 

if ncHi-gated crossing is dearing sight distance adequate in all quadrants? (See Table 1) 

Revised 

f(p 

fiie^^ ^UAJ fb*?! 
^ 

4 ^ 
jJo 

^ Y e s • No 

If multiple tracks, can two trains occupy crossing at the same dme? 0 Yes D No 

Can one tr^n block the motorists' view of anothw train at crosang? {Q ies f Explwn below) D No 

Can one or more tracks be eliminated through the crossing? D Yes ( ^ N o 

Are diere other track(s) crossing this same roadvray widiin 100 ft of this crossing? D '' 
If yes. Crossing DOT #(if different) 
If yes, distance (take measurement between track centerlines at close 

'es 1 0 No 

St point along roadway) 

Roadway Data 
Local Midway Authority: Trumbul l County 

Roadway Characteristics Initial Infonmation ( f rom database) Revised 

Average d^ly traffic 1134 (2008) 

Highvray paved 

N ^ k t o ^ l 

XYes D N o D Yes D No 

Roadway Surface: '^•^JaclaPB/D Gravel D Concrete DOther , 

Roadway vwdth: _ ^ f t 

Number of highway l^es 

Urban or Rural Rural 

M Vehicle Speed: _ M P H iifk. 
Sdioof Bus Operation: D No^,.,-^^ ^ Amount 

Hazardous ials Trucks: D Y e s Amount 

Shoulder: D Y e s 

Is the shoulder surfaced? D No Q Yes 

Is there existing guardrail along roadway in crossii^vjciniiy? 

Is stopping site distance adequate? (See Table 2Jf D y e s D No 

D Y e s 

If no, deficient approach(es) 

UPDATED (04/2013) 



Quadrant Curb and Gutter 

D Functional (Curb height = 4" or more) 

D Non-functional (Curb height = Less than 4") 

^ None 

Pedestrians: D No [jJYes 

Quadrant Curb and Gutter 

D Functional (Curb hdght = 4" or more) 

D Non-functionid (Curb height = Less than 4") 

0'^None 

Is sidewalk present? [ 0 N o DYes 

Is there a nearby intersection that could cause queuing over the crossing? 

If yes, 
Distance 

No DYes 

DYes 

Is this intersection signalized? D No D Yes 

Are the signals currendy interconnected with the existing crossing warning devices? D No 

Is there a 'Do not Stop on Track' sign? D No D Yes 

Is a roadway improvement project (eg/widenin^ turn lanes, nearby new or upgraded traffic signal, sidewalk) planned at or near diis 
location in the foreseeable future? 0 No D Yes 
If yes. 

Improvement ^ e Lead Agency ^ _ _ _ Timeline/completion ™ ^ _ 

Is it the consensus of the Diagnostic Review Team that this is a potential closure project [i^r^lo D Yes 
Explain reasons: 

Type of Development 

O'CDpen Space 

D Industrial 

[T7 Residential 

Util i ty Information 

D Institutional 

D Commercial 

Location of neartiy schools: 

\ \ i ) U * ^ ^^J*^^ " ^ ' 

ts commercis power available? D No £ ] Yes 

Utility Provider (Company Name) ( ^ / H - \^\)t 

Nearest Available Power Source 

Phone Number. 

What other utilities are present? ^ C z s 
(add locations to sketch) D Petroleum 

• Other 

1s(are) there potential utility conflict(s) 

Comments: 

D Cable Q^elephone D '̂̂ ^^^ Optic Cable 
D Water D Sanitary Sewer 

Yes D No • Unknown 

UPDATED (04/2013) 



Potential Rod Flags/ Project Challenges 

Traffic Signal Preemption (include traffic signal intersection name and LHA vflth jurisdiction over traffic signal, if loiown): 

f i ^ 
Crossing Consolidation or Closure: 

Real Estate or ROW: 

y '(S^o 
Culverts / Dr^ndge / Ballast Conditions: 

N 0 

Roadway and/or Sidewalks: 

0 

Circuitry (e.g. reaches out to other crossings, specific needs, etc.): 

0 
Environmental; 

H 0 
Other 

UPDATED (04/2013) 



Diagnostic Team Recommendations 

^ 

Quadrants Needed 

Install/upgrade active devices 
D Automatic flashing Lights (AFL5) 

• AFLS /Cants 
|gf AFLS / Gat^ hivi . St 
D AFLS / Gates / Cants 

I [Quells / number 

D Upgrade circuitry / type 

• Sidelights 
D Guardrail Needed 

D Jnstall/Replace curb 

SJ Bungalow placement & offeet from rail & highway ^ ^ ^ 
• Odier (define) 

Comments: 

• Install/upgrade traffic signal preemption 

n No improvements needed 

D Other (define) 

Acknowledgement of Recommendations (each entity represented at the diagnostic must have at least one signature 
acknowl edganent): 

mt 
6>^ 

Dpy^ 
' ^ , t ^ ^ . 

UPDATED (0*2013) 



Field Dimensions 

Sidewalk 

Parkway 

Roadway 

^ 

/ 

/ 

/ " 

Show North 
Direction 

/ 

JL 

9 

Roadway 

Parkway 

Sidewalk 

D 0-29' • 30-59' ^ 60-90' Measured in f H ^ Crossing Angle Quadrant? 

Measurements by: :ilDF 

UPDATED (04/2013) 



Field Sketch 

Include utilities as marked by OUPS and LHA; include ROW boundaries as indicated by railroad and LHA. 

lyt fum^g^ <f<̂  

Crossing Angle n 0-29' 0 30-59° [360-90° Measured in K | ^ Quadrant? 

Sketch by: m 

UPDATED (04/2013) 



TABLE 1 Table Z 

Clearing Sight Distances Stopping Sight Distances 
Maximum Authorized Train 

Speed 

1-10 

15 

20 

25 

30 

(_ 40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

Distance (dT) Along 
Railroad from Crossing (ft) 

240 

360 

480 

600 

720 

960 ) 

"1080 

1200 

1320 

1440 

1560 

1680 

1800 

1920 

2040 

2160 

Source: R-H Grade Crossing Handbook Table 36 (pp. 132-133) 

Notes: 

All calculated distances zre rounded up to the next higher 5-
foot increment 

Distances indicated are for 65-ft double bottom semi-tractor 
trailers and i&re\ single track 90 d^ree crossings; and may 
need to be adjusted for multiple tracks, skewed crossings or 
approaches on grades. 

Clearing Sight Distance is to be measured in each vehicle 
travel direction at non-gated crossings as viewed from a point 
25 feet from cent^ine of nearest track in the center of 
whichever travel lane is nearest the direction along crack 
being measured. 

Highway Vehicle Speed 

0 

s 
10 

15 

20 

25 

30 

35 

40 

^ ^ ^ 
^ • 5 0 ^ 

55 

60 

65 

70 

Distance (dH) Along Roadway 
from Crossing (ft) 

n/a 
50 

70 

105 

135 

180 

225 

280 

340 

410 ^ 

^ - 490—-' 

570 

660 

760 

865 

Source; R-H Grade Crossing Handbook Table 36 (pp. 332-133) 

Notes: 

All calculated distances are rounded up to die next higher 5-
foot increment. 

Distances indicated are lor 65-ft double bottom s«ni-tractor 
trailers on dry level pavements. 

Stopping Sight Distance is to be measured on each roadway 
approach to crossing from stop bar. 

UPDATED (04/2013) 



"'mkmgm 12-Sep-13 

Detailed Estimate for Grade Crossing Warning Devices 

City/State: HUBBARD, OH 

MilePost: YG-53.Q1 

State Proj. No.: 

S&EProj. No.: 10.0710 

Man Days: 198 

Road: LEWIS-SEIFERT RD./GR 
98 

DOT/AAR: 544719C 

County: TRUMBULL 

File Number: 

***Purchases - Others*** 

Meals and Lodging: $26,611.20 

Rental of Equipment: $27,720.00 

(2 Trucks, 1 Backhoe w/Trailer 
and 1 Pipe-Pusher for 33 Days) 

Construction Supervision Vehicle: $4,953.45 

Purchases - Other Total: 

***Materlal And Additives*** 

Material Cost: $98,651.00 

Sales and Use Tax; SO.OO 

Material Handling Freight: $4,932.57 

Material Total: 

***Labor And Additives*** 

Labor Cost: $55,440.00 

(6 man crew at $1.680.00 a day for: 33 days) 

Payroll Tax & Overheads: $73,646.50 

Preliminary Engineering: $13,560.05 

Construction Supervision: $15,650.71 

Labor Total: 

Project Cost: 

Scrap / Salvage Credit: 

Project Total: 

$59,284.65 

$103,583.57 

$158,297.26 

$321,165.48 

$0.00 

$321,165.00 

Estimated on: 12-Sep-13 Estimated by: bf2cc 

Estimate valid for 1 year from date of estimate 
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OOOOOOOO SggggoSoS ^ ^ 

. Miisncl o i I 

3AS H33|lS 

• 3QJ 
•|Bb) 

I «' 

S - L L I ^ 
C U . L: 

fii 



i X 

3 

o 

— O (J L ' 
4- t S.3 1) '-' ' 
CD w n E - ' C t 

0> cn (fl • - -C 5, " 

E " - ^ u o > ^ c L o 

f. T " D O O ^ < ( U 
* " n t U - O - O ^ - t - o 

• ^ - M Q . : ^ 3 L o - D o 
j . i ^ i / i o o ' - a . - s o 
u 

^ 0 ) 0 
- ^ t= -4-

-1 . I ' ^ Ll, , 

|] o a; (1) OJ 

_ S L L L 
. t n O - O - Q -

1 11 " " E „ " l o m " 

lO) tDH 

C H - T i 

^ \J I^J^J t \J f^J ( \J [M^M y i N I ( \ | [ > j i - i J I \ l l M 
L 

^ AC iC _ t J : i i .iC j ; j i ; 
.. o a u o o t j o o 

c r o a a o o o o D 
O L L L L L L L L 
O I - I — I — I - I — I - I - 1 — 

L 

^ j , : j c 
. . o a 
c o o 
O L \_ 
O I - — 

J C ^ ^ JC 
Ll U O O 
D O O O 
L L L L 

. . y u o 
a_ a a o 
o L. L L. 

m » . = c3 • 
c C I — x : • 

3 Q) cu UJ c 
5c / i Q - C \_ 
• E ^ 5 = _ 
1 i / i o o o . y I 
• S O S : _ I C O L 

^ c y r \ i i > j i M r \ j . ' N i f v i ( M i \ i 

• * ~ ^ i C J C i C i C J C J C i : . i C 
. . y o u o o u o o o 

C L O O G O O O O O O 
O L L L L L L L L L 
O l — i — I — I — I 1—I—I— 

c2— 
* " ., 

, . E o - ( D Q . O 

D u l L - U) 

p u u o 
•; O O O 

L U 1 _ 

' W o ) 
I OJ u) 

^ 2 ^ 
^ 1 ) •: 
o Q o ; 1 ^ ' 

L ^ C 
j : i j - - g L L j 

L 

i j c j c j ; 
: O t ) U 
• o o o 

L L !_ 

-a" z 

o„-.5 

T:; T3 T:I "3 T : ) - o 
ip ip ® I " ip ffl 
01 0^ w M f i in 
ID =) - J u = ) J 

f i T ^ r L^ t o r-CO 

Q O O Q Q Q 
Z Z . ^ Z Z Z 
< : < < < • < < 

. o o 

• L 1_ 

<u o O m 
« . y L ( D 

a a o o 
c c c L 
U j U J u J ^ 

Q Q ( Z i i : : i " U ( Z i Q 

« ^ crm-Lo 

- n ' D - o - O ' O 
•>J [11 <P (U 0) Ql 

S W U) W W 
^ D ^ ^ = > 3 

O Q , < C Q O O 

I- . ^ X X X X 
L O D D D 

J ^ C L C l I i a Q 

• o - C J t j 
o m 0) 
w in w 
z : z ) 3 

X X X 
C3 D O 

L[L 

O i \ | i \ ; f v | O J l M I N . - i N I ( M 

^ .s: jc jc i ; jc jc iCi^ 
O O O U U U L ' O U 
L u o o o o o c D O 
C C L L L L L L L L 

^ ^ p 
QJ 111 0 L / > 

L L 

— 0 . 0 . Q - -
O L J C L C 

(D — (CI t i 
> C II O O l 
0 ) 0 C - t -
— 1 ' ^ 0) O u l 

^ ^ "."5 c 
E C O O O 

a C J Q IJ N 

L 
c c C l ? 

0 . 0 O F ^ 

o — ; . _ ; o _ 

"•"iCJiC Jd iC 
. . u o o u 

p_ a o o o 
O L L L L 

^ _'.c J : .K .y; 
o o o o o 
O O O O G 
L L L L '._ 

• r IP Q L 
- 1 - . ^ m ^ (D 
ID w = ) E 
x j r. (p — 

(J) CTui'^ 

C ^ ^ . i ^ 

C c ru 

LO C i_ U 

.*0 9-Q-

n 
a j i - o U) > c 

) L 0 " D D 
l l - Q _ < 0 

" ^ IC J i i C i C 
. . O O O O 

ia_ • • o G 
O L L L L 

i iC .iC iT 
O O O O 
O O O O 
L L L L 

; u J O ^ 1 , 

^ 3 : 0 ' 

,4. W] •--! 

o ^ - c • • -

o . ^ , i u 

0 1 : 0 

. , 0 0 
Q_ O O 
O L L 

JiCJiC Jt^iC 
O O O O 
O O O O 
L L L L 

+ - y J , iC 

, , 0 0 0 
Cl_ o • o 
O L L L 

0 „ S ( T Z 
Z © r o Q r O 

11 II " e „ " I/-, o " 

E C L D 

>CHD ipip 
: .-^ E E E 

: *5 L ' L L 

.(/"CLtLO. 

, D O 

OjTJ X 
c«c 0 

^ O t / 1 Q - C L 

^OL/l 0 h^'-o 

^o<^ 

; E ^ 
5^-10 

^ ^ S o S — l C B L l - L l J L l J 

" ^ V iC . ^ J . ; iC j i ^ 
, , 0 0 0 0 0 0 

Q_ D O O O O O 
O L L L L L i_ 

0 0 0 
O O O 
L L L 

k ,, o i l > c II 0 (D 
O " C C I ) o C - , -

•1 - O u ; " O i - y r W c 

5 ' , ) 5 ? E c ^ S . o 

I D o a f N 
o - a ^ ^ . E • 

, 0 . 0 . Q . - - a -5os3> 

- ' ( M r . j r - J f M r . j r ^ J t s j r . j i v j 

" ^ i £ jiC JiC JtL 
. . O O O O 

CL O O O O 
O 1_ '.. 1 . L 

j c j c j : : i : i c 
O O O O O 
c o D O -
L L L L L 

• f l u j 

E 4 - S 
J u)-j; 

z a ^ 

• i T ^T . ± o 

O ILUJ 
O o i -

^>§ 
E > .. 
O (PO 

z t t : ^ : 

Q C C i i ) 

inCQr.-; 

I p s o 
•L / lCv . -

! ^ - ^ 
t 01 (P w 

- fc E a> 
o D D D : 

z z : s 
u. 

j ; j ; J C O 
0 0 OS 
ipoi o 
r x i i : c 
O O o o 

n 
• 1 -

0 
L 

n , . , ' 

• t ^ 

O " ^ 
0) ID 
LO W 

^ == 

rc
c
 

s
e

d
 

s
e

d
 

N
o

t 
N

o
t 

3 3 ,1 ,1 

- t - 4 - 4 - - l -

'"t o o o o u r ; 

^ • 1 I, ^ ' O O ) 

OLO 

E -

L/l • 
•el L 

i ioo iJ i r ; ^- ' 
(TL.-lL/lQiCOi-^- 0 0 
• ^ " ^ " - - ^ . T , d) 
(M r--l ^ i n lO 1 / 1 " ' u; 

OJ 13 
i f JJC.-.: V . y I I 
o u o o o t j o c : 
o a o u J o o < 
L l_ L L L (/I l / l I j j 
I — l - l - l — l - t / ) i y ! L f l 

L Q - O 
0 ) 0 

i:i o o 
u i O U 
• t l L L 

C m — 
D — . . 

y o o 
L-l U O 

E Ct 

o o 

L/l ID 
• t l I. 
C I Q . 

10 -D -a 

C LCi lO 
= 3 D 

o-i-i 

' - C l C l 

L / T 0 " O 
•d IJ O 

o C C 
o ' — — 

b LF) w 

- I - E E 
> e E 

0 0 
^ 0 0 

( p c o o o o p o 

1 "C "D "D "O T ; "D "O 
, (P O (D ID O CP 0) 
^ L 0 L O t c i y ) : o L ' ( u 3 
J = ) = ) D = 1 3 : i ) =1 

J-a CD o a LJJ u. o 

E K X j ; X X X X 
_ o D a G o a • 

• JiC iC i r JC i i i l iC 
! O U O O O O O 
; c o o o o o o 
. L L L L L 1_ i . 



a: 
V 

o 

— LO 

S 
L ; 

-r 

LJ 

x ^ ! _ i i - z 
O Q ; , 

< U J 

m"-̂  cQ 

IM 

._ 
CO 

1— 
LJ 

T n 

IO 

O O (P lU 

(n in u) to fill K t p S f E w 

l l J u ~ ~ 2 ^ 2 ^ 
I / ) I J I C ) Q Q : C E 

C II I 

,5b: 

Q ^ f N r O T L n c O CT:' 

L O ^ ^ ^ ^ ^ ^ ^ ^ 

C II 

. . — ( M 

^SS 

- L - j - O 

° o S 

o o-^ 

. ^ 1 1 " 

.. —̂ ;̂ 
^ ^ • - = 

ij^SE 

.•^ (D IP 
to in 

CO ^ ( M 3 Z ) 

I-— - ^ 4 - 4 . 

' ^ ' ^ o o o 

W II ,, 

_ ^ ^ . T U ^ 

" ^ r--' CO CO CO H) 
<c 

^ ^ ^ 2 ^ ^ 

?;'^i 
i^^^ 

S
IT

E
 

R
o

d
i 

F
ie

ld
 

L
o

w
 

•o c " 

CL ; o> 
T) 

•^ W L Q - . ^ II O 

i - ^ c ' - I C 

. .L / l t - _ > 'Dv , ' r 

Q " - ^ O " O O 

y ^ i . ^ S ^ ^ 
^ o . „ 4 - [ 7 x x 

Q O C O E M P J 
< a 3 2 L J L I J L I J 

o ® 

' ^ l i II 

• > - 5 c u 
:> l U ^ ?=(!) 
^ O II o Ul 

£ a D 

O iji 
o : c O L 

cl^^l 
O a c o P 

Q.^-

r LTi Ul 

I O O 

mCL O 

« o i > 

I P C " 

o O o 
o - i - o 
Lfi C J i / 1 . -
L / l O l / 1 

E O :^ i y l 
ftrmsi/) 

- o 
- • L L 
' O 11) 

- • • - £ £ 

) o 3 D 

o : o w , ^ : — 

. c i : S; a - i -

a to I 

0 . 2 0 

. £ ( P J : J 
+ - • 1 - e 
o o 3 
< o z 

o 
• 3 - I - > ' 

IP o j o i i i - ^ 

o o 1 - > i " IP - ^ 

^ i n s ^ l ^ ^ E O 
E ° o . 2 £ o 
3Li IL. — _ i cn 

C = l ^ a- ,- --
• ^ • ? o ^ a 

O 0) 
E m 
C D 

0) ( p ! 

o •!• • -1 r 

o o ^ 

E „ 1̂ t r o z Q C L -

^ O - e r O O ! . 

n " 0 " D 
) IP o 
) W 10 

Dv- - 1 - ^ J ; 

l\HNll\j(s|fMCMlMf 

O O O O O O O O O O I 
oooooooooo ̂  
1/1 L/l tO 1/1 L/) I/> 1/1 L/) I/^ LO D 
• / : L ^ t / i t / j i / ) i / > i / i L / ; i / i L O < 

O O O O 
O O O O 
Cl1 /11 /11 / ; 
I/1L/1L/1L« 

O O O O O O I 
O O O O O O X 
I/l 1/11/1 Lfl 1/) 1/1 3 
1/11/1^11/11/11/1-5 

- — ( \ l [ 

: . 2 : z : 

t O o O 11 

_ o o Z Z Z Z Z Z E ^ ^ ^ 

^g 

tl) J to 
— LCI L 

o.">--. 

O ^ ^ n 

o o-'̂ -'̂  

<. ~r< i '< i i 1 i / i 
I D O O O 
- e i o o o 

~QP 

L O l ^ O 

0 , | II 

< O o 

n f \ i 
•el l—1— 

" o n 5 

* , , 'So 

Q l / l * 

<C C L U O 

V LO 
; L 
Cp o 

<3 0 

-?= L 
LCl_ 
4 

e l 

i^J 

<] ; — 

a; o 

o 2 
' ^ IP 

> c 
- a i — 

IJ 

C^ 

. g z z z 
c:) II • 

O W ^ D D 

• a o o o o 

-
V 

D 

C f J 

-(- 11 
C 

— Ld 
. , -J 

O L 
L L I J Z 
O l — 

> OJ 

< Q _ 

Q) tu IP a) 
• O W n W O W . - " . " G L l t ^ M - o 
.••. —1 M. —1 -.. —^ O , . —^ JT, —I -^ ^ i 5 5 3 ^ 3 5 5 5 (p=i I D 3 (p : 

^ LO « LO 
T ; 3 I - : 3 -T Z ) H 

L O 

) o w ( j ; : 

a i ^ IT, 
-. LO 3 )H 
: n - i - , 

x> w 
O (P 
--•, 10 

T I 

^ 4 - Z . H 
L O , 

i p ^ : ' 
n 

z 

X! O J2 

, ^- . i\i CM ro'•o-^-vj 

C C C C ^ C C 

< , i n LO t o o ) >^ 

> - i - ' - i - ' - * - ' + - '— ' 

9 c c C C c 

r - c o c o 

c c c 

i S 2 : = : z : — — ^ ^ !!2 2121 i£! 1£! ^ l£ 

' c c c c c c c c C H H I c 



-t 1 1 

[ 3 

o 
CJ 

o 

+ 1 1 

CJ 

o 
CJ 

o 

^ • 1 
CJ 

o 
CD 

o 

+ , \ 

cu 

o 
CJ 

0 
cn 
0 

CJ 

0 

Q 
O 93 

1/1 . 

o 

« i — 

— CC 



Hnv j i i O 

O 

n m z l ^ • 
o 
o 
o 

3NI";NO O 

. 5ymitf i \ 0 

O S53IA30I 

3iS0 c « 

3AS i l D l P " 
<—O 

no 
GO 

GOZ 

GO-

IO-
GO 

ao-
lO-

ao-
ioo 

/ GROUND FAULT TESTER / gg^ i^ l lg , ' ' ' ' 

CFT BA" ! B61 ? 
PWR FAIL FAIL PAL 
O O O O 

Q O 

dcv-eia 
aov-zia 

N0>N-9iN 

^ CM 
I 

UJ r -

^ 5i: 
Q S 

o 5 
3 t - X 
X LJ_ ^ 
C J L J ^ 

o © o 
X ^ x 

2 r © 
^ = < 
iz cr 
^ < X 
O X X 
O L/i > 

< < 
X X 

z 
2LU 

ox 
LLp 
CC3 
oo 
7(n 
^ (A 
u 

CD 

C l 

'.̂  
111 

ro 
1=1 

- — 
«T 

>-

r J i / i 

— 

O 

> 

Q. 

? : 

a-3 

K ) 

cr 

C E 

LO 

I f 

i i _ 
Occ 

C Q l ^ 

iM 

: ^ 

cr 

L ^ l — L.-"* • 

1— 

< [ 0 

'^.« 

O u 

L L 

O 

ro 

Ln 

3 0 

a 

LL 

1 U 

u 

© 

l O 

K l 

Ln 

CO 

— • 

^1*3 

\̂  
d 

1 -

o . 

U Q 

—— 

, ' ^ O c o - ! 
^ _ > ^ LJ 
i5r:LiJu_C0 

0. 
IJJ 
• a 

=LU iicLi'-
-Lfl O ^ . 

y ^^ixsgl 
LLI|_ 2 : i n h - 2 
" - ' o O . . . ^ - S F ! L L I I - ^ 

- - C_L>— ( - • 

O r 

6 6 

• LU Z L j _ i | _ [ a : . ^ _ | 

o 5 3"-iSt/i-"5 
~ — - - - e i O l ^ T ] 

J Z 

2:—irt z o o z l = l _ l -

COZLLl -a3z 

NCl^N-9la 
* i : 

1— o —^ |— o 

n 
o 

rr 
o 

o o 0 l°(^3°l 

m CO z z — 

cn 
1 

cn 

o 

1 
CJ CJ 

0 

3 

CD 

0 

L l . C J 

^ 1 

• 
0 

cn 

0 0 
C3 

0 
CJ 

o 

LC^ 6 6 

H33 
0 6-

c>-

H33 

H33 . 

HD3 

O Q 
S Z 

O l I 

L , i 

1 1 

> 

(̂  O J 

> 

I - I— -a: <t o 

o o o o o o o o o o 

o o 

< ! / ] 
C l 

O O 

^^ 
o , r 

z 

Q l ± J 

U . l < 

L J 

< • > 

• 
— 

! / • 

t 1 

< i : 

'-: L C 

rr 

I— 

• I 

^ 
C l 

ii> ^ 
S P o 

^< 

o 

o 

• A 

l~ 

2 

1— > 
c 

^ 3 

i f j 

t r 

< 

i i _ 

L J 

A T 

^ 1 — 

r i 

\— 

> I -

,-H 
-; 
z 

> 
1— 

< 



,_ / • 

< > ' ) "--1 / 1 

? " 

\_Z 

d 
3 
z 

:̂  
z 
o 
1 — 

• a 

a: 

— z 
o 

s 
1 — 

>-
C l 

_ J 
o 
a: 
1 — 
z 
o 

I ' l 

• e 

L L I 

U J 

1/1 

1 /1 

l__ 

i l 

o 

CM 

1 — 
L L 
1 - 1 

Z 

o 

1/1 
L L I 

~̂ 
m 

1 / ) 

z CM 

1 

L / l • 

cc : 
1/1 

L / l 

Cl_ 

O 

- 1 

c t : 

L U 

z 
- I 
X 
C J 

U J 
o 

^ 
x 
> 

!\; 

U J 

-< 
1 -
o 

- 3 

C 5 

-r 
> 

U J 

Z ) 
1— < 

3 1 ^ 

1=̂  
- ^ o 

- I 1 -

o o 
L L I Z 

C l o 
Z l z 

> 
1 — 

< > <; 

> < 

o 

o 
2 

o < 
o 
c r 
0 . 

u 

r i 

O 

J J 

3 

-̂  c r : 

O 

• ; 

t" 
^ 
< 
1 — 

^ 
U J 

'i 
'-̂  S 

— 
L d 

1 /1 

< ^ 
— 
— 

n 

^ 
<: 
t - J 

LJ 

Q 

• ^ 

rr-

L I 

h -

t ' 

g 
2 

^ J 

— 
U J 

^ 
m 

^ 
g 
l * J 

^ 

Q 

^ 
^ 
L J 

^ 
"̂  

~|—a I—' 

1/1 
L L I 

a 
= 1 

z 
o 

' I 

3 

o 
o 

LO 

;•-
o 

z 
o 

7 ^ 
o 

1— 
n 
o 
- i 

r-
I I I 
i 

o 
L l _ 

1 — 

L U 

1 / ; 

=) 

1/1 
1,1 

O 

Q 
O 

2 < 
V I 
L L I 

5 

L L I 

L L I 

© 

CC 
L L I 

n l 

: ? 

.̂  

cc 

-a 

s 
rr o 

Z 
o 
1 — 

3 ) 
o 

z 
o 

i r 
C J 

1/1 
L U 

Q : 
X 

1/1 < 
o 
L L I 

L / I 

:z) 

7 ' 

1-1 

r r 

1/1 

< 
I I I 

. -• 

< 

1 1 
J f 

. V . 

c r 

(/; 

I I I 

. -• 

< 

I 1 

z 

rr 
X 

i / i 

< 
I I I 

1 

.-' < 

I • 

z 

rr 
X 

1/1 

< 
L U 

1 

. - • 

< 

< ' L 

r -
o c 

C l 

L O 

r -
- a 

< > z 

X 

- 5 

I I I 

1 

r " 
- I 

O 

z 

X 

- a 

1/1 
1 

^ - 3 . 

rr 
tr 

o 
L iJ 
cr 
o 

>-CO 

o 

I 1 

X 

! ^ J 

C l 
L J 

< 

rr 
? • 
L U 

CC 

T ' 

o 
L J 
CC 

o 

L _ 

1 ^ 

c : i 

_ i 
_ j 

CC 

z 

<: o 

M 
r j 

l y i 
C J 

o 
o 
L U 
LO 

L U 

1— 

, 
i j . 

o 
1 — 

< o 

O J 

1/1 

z 
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