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Section 1 - GENERAL 

The purpose of t h i s  report i s  t o  outline the development of equip- 
... 

ment selection and design and to  establish operational c r i t e r i a  fo r  the 

hydroelectric power drop a t  the Turlock Lake Powerhouse. 

The ou t l e t  works and dam was constructed in 1913 as a reregulation 

and release f a c i l i t y  f o r  the Turlock Main Canal. There a re  s ix  ( 6 )  s l i d e  

gates for  the release of a maximum fl'ow of about 2,200 c . f . s .  a t  an invert  

elevation of 202.84 U.S.G.S. Flows are generally limited to  the i r r iga t ion  

season which runs generally between March 15 and October 15. However, 

some flows during the winter occur when the lake i s  fu l l  and when peaking 

operation i s  takinu place a t  the Don Pedro powerhouse especially in years 

of above normal. runoff. and/or f l  ood control operation. Maximum t a i  1 water 

elevation i s  214 f ee t .  

In 1914 the dam embankment on the l e f t  bank of the out le t  s t ructure 

fa i led  and a washout took place around the ou t l e t  s t ructure.  As a r e su l t  

of t h i s  f a i lu re ,  cutoff walls were constructed on each s ide of the out le t  

s t ruc ture  with an adobe puddle f i l l  extending beyond the cutoff wall. No 

fa i lures  or problems occurred since tha t  time. 

Lake capacity i s  45,599 a . f .  between April 1 s t  and November 1 s t  

(summer operation) a t  elevation 240.6 U.S.G.S.. and 35,000 a . f .  between 

November 1 s t  and April 1 s t  (winter operation) a t  elevation 237 U.S.G.S. 

A t  round 7,000 t o  8,000 a . f .  which corresponds t o  around elevation 223 

U.S.G.S., the lake level begins t o  become too low for  the boat launching 

f a c i l i t i e s  and recreation f a c i l i t i e s  on the lake becomes curtai led.  

During the i r r iga t ion  season, lake draw down i s  dictated by i r r iga-  

t ion demands a t  the ou t l e t  works. Don Pedro i s  operated as a peaking 

plant b u t  due to  heavy i r r iga t ion  demands a t  times during the mid summer 



months, the Don Pedro hydro uni ts  must be operated a t  constant output in 

order t o  del iver  i r r iga t ion  waters to  Turlock Lake. 

As control of lake elevation has not been c r i t i c a l  in the past, 

coordination of Don Pedro power generation inflows and i r r iga t ion  demand 

outflows from Turlock Lake was f a i r l y  loose, such as on a week to  week 

basis and lake elevation has fluctuated widely. 

With the addition of a power generation f a c i l i t y  a t  the Turlock Lake 

outl 'et, the generation schedule a t  Don Pedro will have to  be coordinated 

w i t h  the i r r iga t ion  schedules on a daily basis or possibly even closer i n  

order t o  maintain a constant elevation of around 239 in Turlock Lake. 

A t  elevation 239 (40,400 a . f . )  there i s  1.6 f ee t  of regulation space above 

t h i s  level o r  5,199 a . f .  As t h i s  i s  not a great deal of space, close 

watch has to  be maintained w i t h  rapid adjustments made a t  Don Pedro upon 

any sudden changes i n .  i r r iga t ion  demand ( i  .e.  rain will drop off i r r iga-  

t ion  demand sharply and will cause a sharp r i s e  i n  lake level i f  no 

adjustments a re  made a t  Don Pedro). There may be cer tain s i tuat ions where 

adjustments a t  Don Pedro will not be suf f ic ien t  t o  keep lake level from 

exceeding elevation 239.9. On t h i s  hopefully rare  occasions, i t  will be 

necessary to  infringe on the maximum elevation for  a short  time or sp i l l  

the mismatch water into the r ive r .  I f  t h i s  condition occurs too frequently, 

then perhaps a lower operating elevation should be selected such as eleva- 

t ion 237. We. will know t h i s  by experience. The available flow adjust- 

ment a t  Don Pedro i s  s t r i c t l y  peaking, mixed peaking and base load and 

s t r i c t l y  base load. 

A t  e levat ion239 there i s  a 'head of 30 f e e t  avai lable  fo r  the pro- 

duction of power. The t a i l r ace  or main canal downstream of the. out le t  

s t ruc ture  was re la t ive ly  narrow with a f a i r l y  steep hydraulic grade l ine .  



~ This channel was widened and excavated i n  order t o  reduce ta i lwater  

elevation by around 7 fee t .  A resul tant  head of 31 f ee t  increased power 
I 
! 
, - production by about 40%. 

The construction of the Turlock Lake Powerhouse took place between 

March, 1979 and July,  1980. 

Because of the re la t ive ly  low output rating of the units and i n  the 

in t e res t  of economy, i t  was decided tha t  governors will not be u t i l ized .  

Instead, an e l ec t r i ca l ly  operated wicket gate operator i s  used t o  position 

the wicket gates to  a desired flow and power level .  (gate l imi t  operation) 

Also in the in t e res t  of economy, synchronizers a re  not u t i l ized .  The 

units have been designed to  s t a r t  s imilar  to  a synchronous motor where 

f i e l d  i s  applied only a f t e r  the rotor  i s  brought t o  n e a r  synchronous speed 

and the uni t  breaker closed. 

Again i n  the in t e res t  of economy, motor s t a r t e r s  a re  u t i l ized  as the 

generator u n i t  breaker in 'lieu of metal clad switchgear, which I s  more 

conventional i n  generating s ta t ions .  Motor s t a r t e r s  can be u t i l ized  

because of the low output rating of the units and the resul tant  low in ter -  

rupti ng duty requi red. 

The power output from the three generators i s  transformed from 4.16 

KV t o  12.47 KV thru outdoor pad mounted transformers. Generated power 

then flows from the transformers thru an underground c i r c u i t  t o  an over- 

head pole on the north s ide of the plan't. An overhead l ine  extension was 

constructed for  a distance of about 2% miles west along Lake Road t o  

Hawkins Road where the extension i s  connected t o  the exis t ing Feeder #1 

from Hawkins Substation. 636 AA conductor i s  u t i l ized  from the power 

plant to  Hawkins Substation. I f  generation i s  i n  excess of loads, then 



excess power will flow approximately 5.miles to Hawkins ~ubsta t ibn for  

redistribution on other substation feeders. 

Section 2 - T U R B I N E  A N D  GENERATOR SELECTION 

After taking competitive bids from General Electric, I.E.E., Allis- 

Chalmers and Stapenhorst and evaluating bids with respect to  cost and 

efficiencies of turbines and generators and also with respect t o  cost of 

related c ivi l  and electr ical  f ac i l i t i e s ,  General Electric was selected 

as the supplier of turbines and generators ( 3  uni ts) .  The turbine manu- 

facturer i s  Leffel Company and fixed blade vertical propel l e r  turbines 

were supplied. The generator i s  manufactured by General Electric Company. 

Bids were requested for turbines that would operate with a net head 

of 26 feet ,  assuming a four foot improvement due t o  downstream excavation. 

The four foot improvement figure was selected as a minimum from water 

level profile drawings which showed a potential improvement of 7 feet .  

Subsequently, a civil  engineering consultant was selected and was directed 

to perform back water studies to determine more precisely what  the economic 

improvement could be from downstream channel improvements. Studies showed 

that  i t  would be economical t o  excavate for  the ful l  seven ( 7 )  foot 

improvement. Generators were therefore sized for a net head of 29 feet  

and turbine extension shafts were lengthened. Additional charges for 

the generator enlargement were determined by using the $ / K W  for generators 

($207/KW) computed from the original b i d  prices. Additional charges made 

by Leffel for longer extension shafts amounted to $7,533 per machine. 

If load rejection were t o  occur a t  maximum elevation, then overspeed 

and thrust bearing loads will exceed design limits.  I n  order t o  allow 

for th is  contingency and to preserve a more conservative design, General 

Electric was directed to size the generator thrust bearing and overspeed 

- 4 -  



rating for a lake elevation of 240.6 feet  which corresponds t o  a net head 

of 33.6 feet .  No additional charges were made for the overspeed rating, 

however additional charges were made for larger thrust bearings. Increas- 

ing the thrust bearing from 23" to 25" resulted in a net increase of 

$2,260 for each machine. 

The original bids were based on generators wi t h  a Class B r ise and 

, Class B insulation. I n  order to provide for an overload margin in the 

event the turbines are more eff icient  than quoted or heads are greater 

than the design head, General Electric was directed t o  provide a ful l  

Class F insulation system with Class B temperature r ise  with cost adders 

of $3,000 per machine. 

I t  was assumed a t  bid time that wicket gate control, speed detection 

switches, electrical.switchgear, mechanical equipment and other miscel- 

1 aneous equipment would be purchased separately. Subsequently, i t  was 

determined.that i t  would be more eff icient  and expeditious t o  add some 

of the above equipment to the generatorlturbine contract. 

The following items were added: 

1. Speeddetectorsmounted on the generator shaft for  s tart ing and 

shutdown sequences. The advantage wouqd be factory installation 

of the detectors. 

2 .  Current transformers in the generator phase winding on the 

neutral connection side. Current transformers are ordinarily 

purchased with the swi tchgear, however, in th is  appl i cati  on ,  

better and more economical protection could be afforded by 

installing the current transformers as part of the generator. 

Cost adders for items 1 and 2 above amounted t o  $6,125 per machine. 



I n  order t h a t  generator power factors could be controlled from the 

Broadway Control center, i t  is  necessary t h a t  the exciter be equipped 

with a motor operated rheostat. Also, in order t o  protect against over- 

excitation upon loss of  control, a maximum excitation limit feature i s  

desired. 

cost adders for the motor operated rheostat and maximum excitation 

feature amounted t o  $1,200 per machine. 

General Electric has indicated t h a t  generator brakes will n o t  be 

necessary for these 1 MW units. However, Leffel has indicated t h a t  i t  

will take quite a long  time before the generator-turbine unit will come 

to a stop af ter  wicket gates are closed. This i s  especially true since 

the setting of the turbine i s  above ta i l  water and the runner will be 

turning in a i r  as soon as the water column in the draft tube fal ls  t o  

t a i l  water level. 

Other u t i l i t ies  operating similar Leffel units have incorporated 

generator brakes into their design and therefore cannot contribute t o  

operating experience without brakes. 

The generator-turbine unit will decelerate due t o  windage and 

friction. Possibly the final stopping friction will be the friction of  

the thrust bearing as lubricating oil is squeezed from the bearing face 

as rotational speed i s  decreased. Kingsbury Bearing Company has recom- 

mended t h a t  bearing not be operated a t  less than 5 rpm. I t  i s  of some 

concern t h a t  as the machine slows down there will be some period of time 

the rotational speed will be below 5 rpm as i t  coasts down t o  zero rpm. 

However, General Electric has checked this o u t  with Kingsbury and they 

stated t h a t  the concern i s  unwarranted andstoppingwithout brakes i s  

satisfactory. 



A t  the D i s t r i c t ' s  option, General Electr ic  offered to  in s t a l l  manual 

brakes on the flywheel f o r  $5,000 per machine or  make provisions only 

f o r  brakes for  $1,000 per machine. 

Since i t  would be d i f f i c u l t  t o  add brakes in the f i e l d  i f  provisions 

were not made a t  the factory and since there was a cer tain element of un -  

known whether brakes would be needed.or desired in the future,  General 

Electr ic  was directed to  make factory provisions for  brakes a t  $1,000 per 

machine. I t  was determined, a f t e r  i n s t a l l a t ion ,  t ha t  brakes a re  needed 

and will be used. 

Synchronous generators were selected over induction machines on the 

basis tha t  induction machines cost in the order of 30% more than synch- 

ronous machines a t  speeds near 200 rpm. Also synchronous machines a re  

about 2% more e f f i c i en t  than induction machines when operated near unity 

power fac tor .  

Section 3 - SITE SELECTION 

Three a l te rna t ives  were considered in locating the Drop No. 1 power 

plant as follows: 

S i t e  A - Locate power plant immediately downstream and in l i n e  with 

the existing ou t l e t  s t ructure.  

S i t e  B - Locate p0we.r plant on the l e f t  bank of the canal downstream 

of the old s t ruc ture  and construct a bypass channel from 

the power plant to  the dam embankment adjacent to  the old 

s t ructure.  

S i t e  C - Locate power plant on the dam embankment adjacent to  the 

old s t ructure and construct a t a i l r ace  channel around the 

old s t ructure to the main canal. 

The old s t ructure i s  over 60 years old and there i s  some question 

as  to  the s u i t a b i l i t y  of constructing a major s t ructure immediately down- 



stream of i t .  The concern i s  in respect t o  i t s  s t ructural  in tegr i ty .  

( i  .e. The s t ructure may be p u t  in jeopardy i f  the downstream retaining 

walls and spacer beams are  removed.) Also there i s  insuff ic ient  space 

i n  the breach of the old s t ructure to  in s t a l l  three ~ ( 3 )  one (1) megawatt 

uni ts .  I n  addition there i s  the problem of constructing the power plant 

during the of f - i r r iga t ion  season which would be over a period of 4 t o  5 

months. A major portion of the plant would have t o  be completed during 

t h i s  period in order tha t  i r r iga t ion  water could be passed for  the next 

i r r igat ion season. 

A1 so the re1 iabi 1 i ty of passing i r r iga t ion  waters could be reduced 

by adding a power plant in se r i e s  with the old s t ructure.  Problems 

associated w i t h  e i the r  the old s t ructure or the new power plant could 

1 imit del ivery of water. 

For the above reasons S i t e  A was not selected as the s i t e  for  the 

power plant.  

S i t e  B was considered a t  one time as the s i t e  for  the power plant 

b u t  was eliminated in favor of S i t e  C largely due t o  economics. I f  a 

forebay channel was constructed as i n  S i t e  B ,  then the channel would have 

t o  be constructed t o  the same standards as the dam embankment fo r  the 

forebay would be part  of the lake. If  the power plant was constructed on 

the dam embankment as described under S i t e  C ,  then the t a i l r ace  channel, 

which would not be under the f u l l  head of the lake, could be constructed 

to  the same standards as tha t  f o r  the main canal. The powerhouse s t ruc-  

ture  a t  the dam embankment could also serve as a bridge fo r  crossing the 

new channel w i t h  maintenance vehicles. 

For the above reasons S i t e  C was selected as the s i t e  fo r  the Drop 

No. 1 powerhouse. 
1 



Section 4 - FLOW CHARACTERISTICS 

The three ( 3 )  one (1 )  megawatt units are  capable of passing 537 

c . f . s .  each a t  fu l l  load for  a to ta l  of 1,611 c . f . s .  I r r igat ion flow 

demands can be met by adjusting wicket gate openings on any or a l l  of the 

turbine units . El ec t r i  cal power production therefore,  wi 11 fol 1 ow i r r i  ga- 

t ion patterns.  I r r igat ion requirements in excess of 1,611 c . f . s .  can be 

met by opening bypass gates which are a p a r t  of the power plant.  Bypass 

gates consist  of two 8 foot wide s l ide  gates operated t h r u  a common 

hydraulic system. 

In the event of problems associated with the turbine units which 

prohibit  the passing of water, the two s l ide  gates will be able t o  pass 

i r r iga t ion  water in accordance with the following table:  (This table  

should be confirmed or  corrected by experience.) 

Lake Elev. Lake Storage One Gate Two Gates 
(U.S.G.S.)  

Section 5 - REGULATION OF LAKE LEVEL 

I n  order t o  maximize the output of the power plant,  i t  i s  necessary 
. 

t o  keep ' the  lake level nearly constant around a level of 239 U.S.G.S. 

This will provide a nominal head of 31 fee t .  

The main canal from La Grange i s  capable -of. conveying about 3,200 

c . f . s . ,  however, t h i s  flow may not be on a continuous basis since Don 

Pedro Powerhouse may be on a peaking schedule. 

Historically,  there were large swings in the water surface elevation 

a t  Turlock Lake because of mismatches in outflows and inflows. There 

were 1 arge dips in lake level when i r r iga t ion  demands were heavy fo r  a 



numb.er,of days. In order t o  bring the storage in Turlock Lake up, . the 

Don Pedro generators were p u t  on a base load schedule on a 24 hour basis 

and thru the weekend. 

I f  i r r iga t ion  demands are  extra heavy, then Don Pedro will .have to  

go on a base load operation on a 24 hour basis and barely be able to  keep 

up  with the demands. (Maximum flow out of Turlock Lake i s  around 2,200 

c . f . s .  La Grange diversion t o  Turlock Main Canal i s  3,200 c . f . s . )  If  

heavy i r r iga t ion  demands continue for  an extended period, then the lake 

elevation may f a 1  1"off a b i t .  

I t  i s  expected with close supervision and control,  we can maintain 

a f a i  r l y  constant lake elevation for  maximum power production. 

The i r r igat ion water master normal l y  receives orders fo r  water before 

7 p.m. on the eve of the next days delivery. Histor ical ly ,  he would give 

the orders fo r  flows from the out le t  works t o  the reservoir attendant 

around 7 p.m. the n i g h t  before and the reservoir attendant would make the 

ordered releases from the ou t l e t  works around 6 or  7 a.m. the following 

morning . 
With the power plant,  bypass gates and Drop No. 2 wier elevation 

remotely supervised and controlled from Broadway Control, the Broadway 

operator will be able to  maintain close supervision an a r.nnt.inlin11q h a c i q -  

There will be a need.to s e t  up some k i n d  of l ia i son  between the water 

master and the Broadway operator. 

Hawkins Feeder #1 has a dead l ine  relay ins ta l led  a t  the substation 

end t o  prevent reclosure of the feeder breaker on 1 ive l ine  conditions 
L , 

when i t  i s  possible tha t  generation may be om and out of synchronism w i t h .  

the TID system. 



Section 6 - GENERATOR 

The generators a re  manufactured in Schenectady by the large motor 

and generator factory of General Electr ic  Company and are  rated a t  1,144 

K V A ,  .95 p.f. overexcited 4;16 K V ,  with Class F insulation and Class B 

temperature r i s e s .  Generators a re  designed t o  rotate  in a clockwise 

direction 1 ooki ng from the top. The fol 1 owing General Electric drawings 

describe .the specifications and charac ter i s t ics  of the generators: 

Drawing Description 

136D5720 Rev 1 O u t 1  ine 
136~5720AB' Rev 1 Explanatory Notes 
136D5746 Rev 1 Lifting and Hand1 i ng Diagram 
178C1229Gl Rev 0 Coup1 ing Assembly 
34C843583-001 Rev 0 Protective Component Assembly 
136D5773 Rev 0 Assembly 

The fol 1 owing 1 e t t e r s  fur ther  describe the generators : 

1. August 30, 1978, Letter of Agreement between TID and G E  se t t ing  
for th the specifications and the conditions of purchase of the 
generators and turbines. Also included i s  a l l s t  of spare parts.  

2 .  Instruction manual submitted by General Electr ic  Company for 
Drop #1 Powerhouse and Hickman Powerhouse. 

Each generator i s  equipped wi t h  the fol 1 owing auxi 1 i ary equipment : 

1. Six (6 )  10 ohm copper resistance temperature detectors (RTDs) 
embedded in the s t a t o r  windings. All RTDs wired t o  a terminal 
box. 

2 .  Upper and lower bearing temperature indicator and switch. 

3. Upper and lower bearing o i l  level indi.cator and swi'tch. 

4. Cooling co i l s  fo r  the upper bearing o i l  housing. Eight ( 8 )  
gallons per minute, .8 PSIG drop a t  86OF, 50 PSIG maximum. 

5. Generator brakes are  not provided. Provisions only fo r  adding 
brakes have been-made in two places, 180" apart ,  a t  the flywheel 
level .  A suggested manual handwheel brake design was submitted 
by G E .  

6. Six ( 6 )  current transformers, two each a t  the neutral terminal 
of each phase winding ( G E  JCSO 20015, relay accuracy Cl ass C20). 



' . 2 u  '-. . - 7 .  High sens'itivity -type magnetic speed detection equipment is-  - - "  .. " - -  ' '- " - '  

installed on the collector ring shaft a t  the t o p  of the generator. 
The magnetic pickup drives a tachometer and the tachometer o u t p u t  
drives a meter and remote signal device a t  0-1 ma and also four 
SPDT relays. Each relay has individually settable set points, 
Ai rpax Cat. No. 085-202-0008 (120 t o o t h  gear wheel ) , Cat. No. 
11-0002 (magnetic pickup), Cat. No. 080-311-4110 (tachometer). 

8. Space heaters, 1,600 watts, 240V, single phase. 

The fol lowing additional equipment was instal 1 ed on the generator 

in the field: 

1. Terminal box for collecting all instrumentation and auxiliary 
wiring t o  a central location for remote wiring. 

2. Float switch mounted in upper and lower bearing oi 1 reservoir 
sight gage plumbing for detecting and alarming low oi 1. level. 

Synchronous generators were selected.over induction generators on 

the basis that induction machines cost in the order of 30% more t h a n  

synchronous 'generators a t  low speeds (200 rpm). Also synchronous gen- 

erators are about 2% niore efficient t h a n  induction machines when operated 

a t  near unity power factor. 

~ect isr i  7 - EXCITER 

The exciters are manufactured by.the Basler Electric Company and are 

of the s ta t ic  type.rated a t  25 KW. I n p u t  voltage rating i s  160 volts and 

dc o u t p u t  i s  125V a t  200 amps. Sensing voltage i s  120V ac single phase. 

The regulators featur.e droop or cross currents compensation for para1 le l-  

The following describes the exci ter/regul ators: 

Bas1 er El ectri c Company 

Drawing #9129100960 Rev E Interconnection Di agram 
Drawing #9107900910 Rev F Schemati c 

General Electric Company 

Instruction manual 



The e x c i t e r  i s  equi.pped with a manual (base)  voltage ad jus t  rheos ta t  

and an automatic voltage s e t  rheosta t .  Auto-manual switch over i s  accom- 

plished by an auto-manual switch located on the  switchboard. Normal 

s t a r t  up i s  w i t h  the  switch i n  the  auto posi t ion.  S t a r t i ng  sequence 

c i  rcui t r y  w i  11 . switch control  automati cal l y  t o  manual and w i  11 switch a 

preset  manual voltage ad jus t  rheosta t  i n to  the  regulator .  This wi l l  

prevent large  swings i n  exc i te r / regu la to r  output during s t a r t  up. After  

the  un i t  has been successful ly  synchronized t o  the  l i n e ,  the  s t a r t i n g  

c i r c u i t r y  wi 11 switch regulator  control t o  automatic and automati'c voltage 

control  wil l  be ef fected.  The automatic voltage s e t  rheos ta t  wi l l  be 

automatically driven t o  the  no load posit ion d u r i n g  the  s t a r t i n g  sequence 

i n  order t o  prevent large  swings in  VAR flow and c i r cu l a t i ng  currents  when 

more then one u n i t  i s  in operation.  

A t  any time a f t e r  suc'cessfully s t a r t i n g  the  un i t s ,  the  auto-manual 

switch can be switched t o  manual and the  manual ad jus t  rheos ta t  can be 

used t o  s e t  generator voltage. Manual control i s  only ava i lab le  a t  the  

switchboard. The auto-manual switch must always be i n . t h e  auto  posit ion 

f o r  remote operation of voltage ad jus t  control .  The voltage ad ju s t  con- 

t r o l  wil l  ' be used t o  ad jus t  voltage s e t t i ngs  i n  order t h a t  VAR flow i n t o  

the  machine o r  out  of -the .machine wi l l  be near zero. 

Section 8 - TURBINES 

The turbines  a r e  manufactured by The James Leffel & Company i n  

Spr ingf ie ld ,  Ohio and a r e  ra ted a t  a maximum of 1,534 HP a t  29 f e e t  of 

head and 200 rpm. The runner i s  a type A-20 fixed blade propel ler  type 

c a s t  s t e e l  runner with a combined weight and thrust of 75,300 Ibs.  Run- 

away speed a t  33.5 f e e t  of head i s  505 rpm. Maximum turbine  flow i s  - 



537 CFS a t  rated output. Flows at.maximum runaway speed can be expected 
. - . - .  . *  < . t o  be 60% greater  than fir1 1 . load f l  ows'.,: : .  : . , . . . . . ,  _ . 

Turbines are identical in design to  the turbines for  Hickman Power- 

house. However, there a re  differences in extension sha f t ,  and gate shaf t  
). 

lengths and also gate shaf t  torque requirements. 

The following Leffel drawings describe the character is t ics  of the 

turbine: 

Drawing Description 

52502 Rev. #2 Assembly Section fo r  Drops #1 & #9 
52500 Rev. #6 General Arrangement 
CS #2912 Expected Performance Curves 
CS #2922 Expected Discharge vs. Gate Opening Curve 

Section .9 - UNIT BREAKER 

Power switchgear has normally been used f o r  generation, transmission . 

and d is t r ibut ion  c i r c u i t  protection i n  the industry and i s  considered 

standard. Power swi tchgear i s  available w i t h  high continuous ratings and 

interrupt ing capabi l i t ies  b u t  i s  not designed fo r  frequent operations. 

Industrial  control (motor s t a r t e r s ) ,  however, a re  designed for  

frequent operations b u t  are  limited in maximum continuous ratings and 

interrupting capaci t ies .  Continuous ratings a re  1 imi ted to  around 2,500 

HP with interrupting rat ings of around 50,000 KVA.  Interrupting ratings 

can be extended to around 400,000 KVA with current l imiting fuses. 

Industrial  control equipment was selected fo r  the uni t  breaker 

application since the generator ratings a re  well within the industrial  

control ratings available.  Since f a u l t  capacity a t  the power plant i s  

within the 50,000 KVA ra t ing of the contactor, current limiting fuses 

1 will  not be required. Also industrial  control i s  about one-fifth the 
i I 

! 
cost  of power switchgear. 



Sec t ion  10 - TRANSFORMER 

,Because o f  the r e l a t i v e l y  small  s i z e  o f  power p l a n t  ( 3 . 3  MW.), i t  

was f e l t  t h a t  a  fenced s u b s t a t i o n  could be avoided by i n s t a ' l l i n g  d i s t r i -  

bu t ion  type  pad mount t r ans fo rmer s .  The pad mount t r ans fo rmer s  a r e  

completely enc losed  and lockab le  w i t h  below ground incoming and outgoing 

c a b l e s .  

A t r ans fo rmer  c a p a c i t y  o f  3,500 KVA i s  r equ i r ed .  However, most 

s t anda rd  d i s t r i b u t i o n  pad mount t r ans fo rmer s  a r e  r a t e d  up t o  2,500 KVA.  

In o r d e r  t o  s t a y  w i t h  s t anda rd  r a t i n g s ,  two 2,000 KVA t r ans fo rmer s  a re ,  

connected i n  para1 le l  f o r  a  t o t a l  t r ans fo rmer  c a p a c i t y  of  4,000 KVA. 

The t r ans fo rmer  i s  manufactured by Westinghouse E l e c t r i c  Corporat ion 

and i s  f u r t h e r  desc r ibed  by the fo l lowing  Westinghouse drawings:  

Drawing 7224A35 Sub 1 Nameplate 
Drawing 9592D35 Sub 1 Ou t l i ne  
Drawing 6763D59 Sub 7 Detai 1  
Drawing 6763D60 Sub 4 Detai 1  
Drawing 6331A67 Warning P l a t e  

Sec t ion  11 - LINE BREAKER 

Fuses were f i r s t  contemplated f o r  i n s t a l l a t i o n  between t h e  pad mount 

t r ans fo rmer  and d i s t r i b u t i o n  l i n e  f o r  i s o l a t i o n  and p r o t e c t i o n .  

However, f u s e s  could r e s u l t  i n  s i n g l e  phasing and will n o t  provide 

adequate  ground f a u l t  p r o t e c t i o n  f o r  1  i n e  f a u l t s  ( g e n e r a t o r  b reakers  w i  11 

n o t  see any ground f a u l t s  on t h e  l i n e  because of  the t r ans fo rmer  d e l t a  

p r imary) .  

A b r eake r  on the l i n e  s i d e  w i t h  phase ove rcu r r en t  and r e s i d u a l  ground 

re1 ays w i  11 provide p r o t e c t i o n  a g a i n s t  ground f a u l t s  on the d i s t r i b u t i o n  

l i n e  a s  well  a s  t r ans fo rmer  ground f a u l t s .  Also t r ans fo rmer  phase f a u l t s  

and 4,160 bus f a u l t s  could be a f f o r d e d  g r e a t e r  p r o t e c t i o n  due t o  t h e  



steepness of phase f a u l t  relays as compared t o  fuses. Line phase f au l t s  
P . -  . . - , , . . .  wi fl 'not.cb6 de.teoted . d i e ~  to  *the -low .;hbrt +ci r ~ u i ' t . ~ c u r ~ e n t s ' ~ a v a i  Table- from' . . ... A 

the generators. 

Line breaker tripping could be supervised by other plant devices and 

t r ipping could be prevented in certain s i tua t ions  where t r i p p i n g  i s  not 

desired. Also, a l i n e  breaker could be reclosed from the control center 

under cer tain s i tua t ions ,  such as temporary l i n e  f au l t s  and the system 

could be restored i n  a re la t ive ly  short  time (blown fuses will require a 

f i e l d  t r i p  t o  replace fuses) .  The most economical method of providing 

a 1 ine breaker i s  t o  in s t a l l  a pole mounted l i n e  recloser equipped with 

overcurrent protection. The recloser features a re  not desired and there- 

fore  w i  11 be blocked. 

The 1 ine breaker i s  a McGraw-Edison type R X E  recloser rated f o r  400 

amps maximum continuous current and 6,000 amps short  c i r c u i t  capacity 

(symmetrical ) a t  14.4 K V .  Vacuum interrupters  a re  used for  lower main- 

tenance requirements. The l ine  breaker consists of two parts.  The actual 

power switching vacuum interrupters  are  mounted in a cas t  aluminum hous- 

ing high on a pole just below l i n e  level.  A second housing i s  mounted on 

the same pole, b u t  a t  a lower level such tha t  i t  can be serviced from the 

ground. This control cabinet contains the electronics ,  timing and control 

c i r cu i t ry  which operate the system. A cable connects the two devices. 

While multiple reclosing cycles are available within t h i s  uni t ,  they will 

be blocked i n  t h i s  application because of the poss ib i l i ty  of closing into 

an out-of-sync condition. Manual reclosing i s  possible only i f  a l l  unit 

breakers a re  open and 4 KV bus i s  deenergized. 



For Turlock Lake Powerhouse, the time-overcurrent curve i s  s e t  to  

provide a  phase t r i p  a t  a  200 amp minimum se t t ing .  The phase trip curve 

i s  very inverse as compared to  the ground t r i p  curve. 

Closing power i s  from the 12 KV source s ide of the recloser via a  

high voltage closing solenoid. 

Several optional features are included. Auxiliary contacts are  pro- 

vided for  use by external control equipment t o  determine the open/closed 

s ta tus  of the breaker. A c i r c u i t  i s  included which allows remote control 

of the recloser.  Another option also prevents the u n i t  from attempting 

to  close i f  s ta t ion  service (120 V A C ,  I @ )  i s  o f f .  Since s ta t ion  service 

transformers are  connected on the l ine  s ide of the breaker, s ta t ion  service 

s ta tus  i s  an indication of l ive  line-dead l ine  s t a tus .  This option will 

prevent attempted energization of close control solenoid thereby avoiding 

unnecessary control power fuse blowing. A small thermostatically con- 

t ro l l ed  heater i s  mounted I n  the control cabinet I n  order t o  keep out 

moisture. Forty-eight volts D . C .  i s  supplied t o  the control cabinet from 

the s ta t ion  battery bank t o  provide t r ip /c lose  voltage. In addition to  

these remote controlled options, a l l  functions of operation can be moni- 

tored a t  the control cabinet. 

Section 12 - STATION SERVICE 

The s ta t ion  service i s  provided by pole mounted transformers connected 

del ta-del t a  with secondary voltages of 120/240V, 3 phase, 4  wire service. 

An underground voltage dip to  the power plant i s  provided with meter- 

ing provisions inside the plant.  

Station service metering should be t reated i n  much the same manner 

as s ta t ion  service metering a t  Dis t r ic t  substations from the standpoint 

of record keeping. 



Generator auxi l ia r ies  such as heater s t r i p s  dictated the 240V service 

. .. . . . . .- . jnstead,.o~,.208Y. . - . . . . . . . . . The.. 208V, se,rvice ,was.s;ini t.i:aJ,ly pre-ferred .frorn:,:a: bal:ancr: :. . - i .  :.... . -  . . .  - - .. 
ing standpoint. 

Section 13 - PRIMARY CABLE & TERMINATION 

Cable termination method a t  the generator and switchgear i s  accom- 

plished by s t r e s s  cone and spade connectors. Cable connection a t  the pad 
. I -  -. 

mount transformer i s  accomplished by 200 amp load break connectors on the 

12 KV and 600 amp el bows on the 4,160V side.  The 200 amp 1 oad break 

el bows are  Dis t r ic t  standard i tem used in underground subdivisions. 

Cable connection on the pole r i s e r  i s  by means of "easy-on" Joslyn 

terminators, a1 so a Di s t r i c t  standard. 

Section 14 - CRANE & HOIST SYSTEM 

The powerhouse i s  equipped w i t h  a 15 ton bridge crane. The crane 

i s  for  use fo r  ins ta l la t ion  and maintaining power plant auxiliary equip- 

ment and fo r  maintenance and repair  of generator and turbine parts.  

The generator i s  factory assembled and weighs approximately 10,900 

I b s  each. Ins ta l la t ion  of the generators i s  accomplished by mobile crane 

t h r u  roof hatches. However, the overhead bridge crane i s  capable of 

l i f t i n g  generator parts during maintenance and repair cycles. 

The traveling bridge portion of the crane i s  a permanent ins ta l la t ion .  

The t ro l l ey  i s  designed t o  be transportable between Turlock Lake Power- 

house and Hickman Powerhouse. Traction of the bridge and t ro l l ey  i s  by 

means of manual pull chains. Vertical l i f t  i s  motorized with controls 

s ,. a t  the f loor  level .  . . 



A 2 ton e l e c t r i c  hoist  i s  instal led on the upstream side of the 

plant fo r  the purpose of ins ta l l ing  concrete stop logs t o  dewater turbine 

bays for  maintenance or emergency s i tuat ions.  

In emergency s i tua t ions ,  when generator load re jec ts  and goes to  

overspeed and wicket gates f a i l  t o  close by automatic or  manual means, 

stop logs will have to  be ins ta l led  within one hour to  prevent overheat- 

i n g  of bearings . 

Section 15 - WATER L E V E L  MEASUREMENT 

Forebay and tai lwater  water level measurements are  accomplished by 

means of s t i l l i n g  wells and f l o a t  systems. A potentiometer driven by the - 
f l o a t  system provides water level indication fo r  monitoring by the control 

center.  

High and low level l imit  switches on the forebay f l o a t  system provides 

signals t o  the switchboard which u t i l i z e  these signals for  permissive 

s t a r t  and shutdown control of each uni t  on the low level switch and 

annunciator of abnormal water levels., on both the low level and high 

1 eve1 . switches. 

Low level switches on the ta i lwater  f l o a t  system provides signals t o  

the switchboard which u t i l i zes  these signals fo r  permissive s t a r t  only 

of each u n i t .  Annunciation of low level condition i s  accomplished by 

computer decisions a t  the control center. 

No water level indications are provided a t  the switchboard.' Water 

levels a t  the plant are  determined by sighting s t a f f  gages i n  the canal. 

Section 16 - GATE POSITION MEASUREMENT 

The s luice gate i s  provided with a varec position transducer and a 

Sierra Control transmitter.  'The transducer i s  a spring charged cable 



which i s  attached t o  the gate. As the gate goes u p  and down the cable 

i s  p.layed in and o u t  of the transducer. The transducer'dete'rm'ines gate: . . , .  . . 

position from the amount of cable played o u t .  Indication of gate position 

i s  provided a t  the transducer and the indication i s  transmitted t o  the 

control center. 

No indications are provided a t  the switchboard. 

Section 17 - STATION BATTERY 

The station battery system consists of 37 nickel cadniiuni cells and 

a battery charger built into an earthquake protected housing. I t  i s  a 

nominal 48 VDC system with an 8 hour capacity,of 126 ampere-hours. The 

charger i s  rated 15 amperes o u t p u t .  

The 48 volt system was selected t o  minimize space requirements and 

cost, and yet maintain a reliable D . C .  voltage system. The ampere-hour 

capacity chosen was based on the capacity required plus spare capacity 

for future additions in load. This system i s  the same size t h a t  i s  used 

for the typical 69/12 K V  substation allowing standardization. 

Nickel cadmium batteries were selected because of the short time 

higher D . C .  power requirements of the plant. Gassing of Nicad batteries 

i s  minimal allowing their locations to be in the same area as other equip- 

ment. Space requirement i s  also minimized with Nicad batteries. The 

plant n o t  being air  conditioned, wi 11 experience high temperatures during 

the summer months. Nicad batteries perform very we11 in h i g h  temperature 

envi ronments . 

Section 18 - CABLE TRAY AND CONDUIT SYSTEM 

Ladder type metal cable trays and PVC conduit are used for the rout- 

ing of control and low voltage cable. 



The cable tray was selected t o  afford ease and simplicity in i n s t a l l -  

ation and future modifications. PVC conduit meets a l l  requirements and 

i s  more economical than metalic conduit. 

Section 19 - CONTROL AND LOW VOLTAGE WIRING 

Nine and four conductor, #12 AWG copper, cable i s  used fo r  control 

wiring. Shielded twisted pair and shielded t r i a d  cables a re  used for  low 

1 eve1 s i  gnal and RTD wi ring respectively . 
Cab1 ing makes wiring instal  la t ion simpler and easier .  Better re1 i - 

a b i l i t y  i s  realized using copper instead of aluminum conductor. Shielding 

of low level s ignals  i s  necessary to  maintain low noise levels .  

Section 20 - INVERTER SYSTEM 

A s ingle  phase inverter  i s  provided to  supply power t o  equipment 

requiring AC voltage and essential  t o  plant operation during loss  of 

s ta t ion  service power. The Inverter i s  rated 1 KVA and 48 VDC t o  120 

VAC . 
The equipment suppl ied by the inverter  includes temperature recorder, 

revenue meters, panel meters and potenti.ometers f o r  supervisory inputs. 

Section 21 - LIGHTING 

The AC 1 ighting system i s  supp1ie.d by '120 vol t  c i r cu i t s .  The l ight -  

ing was designed to  provide a l i gh t  intensi ty  of 40 foot candles in the 

plant and approximately 112 foot candle outdoors. 

High pressure sodium vapor lamps were selected on the basis of t h e i r  

high eff ic iency,  long 1 i f e  and shorter .  res t r ike  time. 

  he DC 1 ighting system consists of 48 vol t  incandescent lamps. This 

system provides minimum indoor l ight ing during a prolonged outage of the 

AC system. 



Plant indoor lighting i s  controlled by switches located by the 

entrance door. . Outdoor 1 ighting i s  control led by one. photo e,lectric cel7 . 

mounted on the roof. 

Section 22 - VIBRATION DETECTORS 

A vibration detector i s  mounted on the s ta tor  housing of each 

generator. This device protects the generating u n i t  from extensive 

damage resulting from mechanical ma1 function. 

If excessive vibration i s  detected by th is  device, a normal shut- 

down and lockout i s  in i t ia ted .  Local annunciation i s  activated and a 

signal i.s sent t o  the main control center via the SCADA. 

Section 23 - SMOKE ALARM 

Three ionization type smoke detectors connected to  a control panel 

provide f i r e  detection in the plant. The smoke detectors are equally 

spaced and mounted on the ceiling of the superstructure of the plant. 

If combustion i s  detected by any one of the three detectors, the 

annunciator i s  activated locally and a signal 4 s  sent via the SCADA system 

to the main control center. 

The equipment i s  of the industrial type with emergency battery carry 

over. 

Section 24 - VENTILATION SYSTEM 

Powerhouse ventilation i s  by means of two temperature controlled 

exhaust fans mounted in the roof. Intake a i r  i s  t h r u  f i l t e red  openings 

in walls of the powerhouse. A temperature switch will detect ambient 

temperatures above 110°F and will indicate an alarm condition a t  the 

control center. A lower se t  temperature switch will t u r n  on the venti- 



l a t ing  fans in the roof of the building. I t  was observed tha t  keeping 

the large powerhouse door closed d u r i n g  extremely hot days provides be t te r  

a i r  c i rculat ion for  a l l  generators. 

Section 25 - BEARING C O O L I N G  WATER SYSTEM 

The generator bearing cooling water system consists of a heat ex- 

changer fabricated w i t h  copper co i l s  and instal led in the turbine p i t .  

The heat exchanger i s  connected to  the generator thrus t  and upper guide 

bearing cooling co i l s  w i t h  an AC motor operated pump for  c irculat ing 

cooling water in a closed cycle. The AC pump mbtors power service i s  

from s ta t ion  service.  

The cooling water system i s  designed w i t h  a maximum canal water 

temperature of 70°F. 

As part  of the cooling water system, a pressure swi t ch ' i s  ins ta l led  

in the closed circulat ing system t o  provide a shutdown'signal in the event 

pressure f a l l s  below 12 PSI. 

Two temperature switches a re  ins ta l led  t o  measure cooling water 

temperature, one will alarm on above normal temperature and the second 

will act ivate  u n i t  shutdown in the event of excessive temperatures. 

Section 26 - WICKET GATE OPERATOR 

Wicket gate operators are manufactured.by Woodward Governor Company 

and consis t  of a pivoted ram operated by a DC motor. Each operator i s  

equipped with i t s  own battery pack and t r i c k l e  charger. 

The ram can generate a force of 10,000 Ibs. In order to  prevent 

overtorqueing on the wicket gate shaf t ,  a c i r c u i t  breaker i s  ins ta l led  t o  

be mechanically tripped to  interrupt  DC power to  the drive motor whenever 

overtravel of the gate operator i s  experienced. 



Manual hand operation of the  operator i s  possible.  
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' s e c t i on  27 - SLUICE GATES AND HYDRAULIC CONTROL 

Sluice  gates  a r e  designed and fabr icated using s t ee l  beams and p l a t e  

- :: w i t h  J s e a l s  f o r  water s e a l s  and te f lon  pad t o  reduce s l i d ing  f r i c t i o n .  

(One s l i d e  gate  i s  f i t t e d  w i t h  u l t r a  high molecular weight polyethylene 

pads ins tead of t e f l  on. ) 

Gates a r e  operated by a hydraulic ram w i t h  associated hydrau1,i.c .pump, 

rese rvo i r  and accumulators.. A common hydraulic system i s  used f o r  both 

gates .  

I f  hydraulic pump f a i l s ,  a 12 vo l t  DC driven pump i s  provided t o  

enable gate  operation.  

The two s lu i ce  gates a r e  capable of bypassing the  f u l l  i r r i g a t i o n  

flows around the  3 turbines  i f  necessary. 

Section 28 - PROTECTION 

Protection features  a r e  incorporated i n  the  switchboard manufactured 

by R T E Delta of Stockton,, C a l i f o r n i a .  Refer t o  TID drawing # El-509 t o  

El-557. Generally, features  and s e t t i ngs  a r e  described i n  the  following 

t ab l e s  : 



UNIT PROTECTION 

Normal shutdown and lockou t  (86N) 100% w icke t  gate c losu re .  

Device No. Descr i  p t i  on Source 

80WY Thrus t  bear ing  coo l -  Pressure sw i t ch  i n  
i n g  water  f low.  bear ing  cool  i ng 

system v i a  aux i  1  i a r y  
re1 ay . 

Generator bear ing  Magnetrol 1  eve1 
low o i l  l e v e l .  sw i t ch  mounted on 

s i g h t '  gage v i a  
a u x i l i a r y  re lay .  

Generator bear ing  Temperature gage 
h i g h  temperature. and sw i t ch  v i a  

I aux i  1  i a r y  re1 ay . 
N 
U1 

I 

396 Generator v i  b ra-  V i b r a t i o n  d e t e c t o r  
ti on. v i a  a u x i l i a r y  

re lay .  

49s Generator s t a t o r  RTD sensors v i a  
temperature. L  & N temperature 

recorder  output  
contac ts .  

26C'cl Thrus t  bea r ing  Temperature 
coo l  i n g  water  swi tch.  
temperature. 

Normal shutdown non- lockout  (5B) 100% w icke t  gate c losu re  

~ ' ~ F B L  Forebay l e v e l  low. 'Upstream f l o a t  
swi tch  v i a  
aux i  1 i a r y  r e l a y .  

Func t i on 

Cool ing water  pressure should be a t  l e a s t  12 PSI t o  
ma in ta in  e f f e c t i v e  c o b l i n g  o f  t h r u s t  bear ing  o i l  and 
bear ing.  Pressures below 12 PSI w i l l  cause u n i t  
shutdown and lockout .  U n i t  b reaker  opens a f t e r  
w icke t  gate i s  c losed t o  SNL. 

I n ,  t h e  event  o f  o i l  l o s s  e i t h e r  i n  the  u p p e r ' o r  
. l ower  generator  bear ings,  t h e  low o i l  sw i t ch  w i l l  
cause u n i t  shutdown an3 lockou t .  U n i t  breaker opens 
a f t e r  w icke t  ga te  ' i s  c losed t o  SNL. 

High temperature i n  e i  t h e r  the '  upper o r  lower  
generator  bear ing  o i l  w i l l  cause u n i t  shutdown and 
lockou t .  U n i t  breaker opens a f t e r  w icke t  gate i s  
c losed t o  SNL. 

Abnormal v i b r a t i o n  w i l l  cause u n i t  shutdown and 
lockou t .  U n i t  breaker opens a f t e r  w icke t  ga te  i s  
c losed t o  SNL. 

Abnormal s t a t o r  temperature w i  11 cause u n i t  shutdown 
and ' lockout .  U n i t  b reaker  opens a f t e r  w icke t  gate* 
i s  c losed t o  SNL. 

Excessi ve coo l  i ng water  temperature. 

Low forebay l e v e l  w i l l  cause a i r ' b u b b l e  i n t a k e  t o  
t u r b i n e  w i t h  r e s u l t a n t  rough opera t ion .  U n i t  shut-  
down, non- lockout  w i l l  take p lace when forebay 
l e v e l  f a l l s  below a  p rese t  e l e v a t i o n .  U n i t  breaker 
opens a f t e r  w icke t  gate i s  c losed t o  SNL. 



Emergency shutdown and lockout  (86E) wicket  gate t o  SNL 

Device No. ' Descr ip t ion Source 

876 Generator d i  f fe ren-  Westinghouse type 
t i a l  phase O.C. CA25 percentage 

i d i f f e r e n t i a l  re lay .  

87N Generator d i  f fe ren-  Westi nghouse CWP-1 
t i a l  ground O.C. sens i t i ve  d i r ec t i on -  

.. . a l  ground re lay .  

Generator i n -  Timing re l ay  TDPU 
complete 0-50 sec. 
sequence. 

Generator f i e l d  A l l en  Bradley i n -  
0. C.  verse re l ay  i n  

Basler cabinet v i a  
a u x i l i a r y  re lay .  

Generator under- . Westinghouse KLF 
exc i t a t i on .  l oss  o f  f i e l d  

re1 ay. 

646 Generator ground 
f au l  t. G.E. I A V  re lay .  

Functi on 

Un i t  shutdown and l o c k o l ~ t  ofi generator phase t o  phase 
fa'ul t s .  W i  11 no t  operate on generator ground f a u l t s  
due t o  h igh res is tance grounding. U n i t  breaker opens 
immediately. 

Un i t  shutdown and lockout  on generator ground f a u l t  
down t o  a po in t  i n  generator winding approximately 
10% from generator neu t ra l  . Ground f au l  t s  c loses t o  
neu t ra l  w i l l  no t  be detected due t o  i r s u f f i c i e n t  
ground f a u l t  voltages. Th is  r e l ay  i s  b a s i c a l l y  a ' 
vol tage re l ay  connected t o  the generator neu t ra l  
transformer. Supervi sed by a d i  f f e r e n t i  a1 ' cu r ren t  
l eve l  which enables t r i p p i n g  on ly  when the ,  ground 
f a u l t  i s  w i t h i n  the generator winding. Un i t  breaker 
opens immedi a te l y .  

Un i t  shutdown and l o c k o ~ t  i f  f i e l d  contactor  i s  no t  
c losed a f t e r  a t ime delay. U n i t  breaker opens 
immediately. 

U n i t  shutdown and 1 ockoilt upon overcurrent '  ' in  f i e 1  d. 
Uni t breaker opens i m ~ e d i a t e l y  . 

Act ivated a f t e r  f i e l d  contactor  closed fo r *  a per iod  
o f  time. U n i t  shutdown and lockout  upon loss o f  
e x c i t a t i o n  o r  low e x c i t a t i o n  l eve l s .  U n i t  breaker 
opens a f t e r  a shor t  t ime delay. 

Unit shutdown and lockout  upon ground f a u l t s  from 
approximately 15% from generator neu t ra l  t o  4.16 KV 
bus. Un i t  breaker opens imnediately.  



Emersency shutdown, non-lockout (946) w icke t .  gate t o  SNL 

Device No. Desc r ip t i on  Source Funct ion 

51V Generator O.C. Westinghouse COV-6 U n i t  shutdown, non- lockout due t o  phase f a u l t s  from 
generator  te rmina ls  t o  subs ta t ion  feeder breaker 
te rmina ls .  A1 so some backup capabi 1  i t y  f o r  phase 
f a u l t s  on o the r  substa t ion feeders. Because o f  the  
s t a t i c  e x c i t e r  which i s  dependent on generator  
te rmina l  vo l tage f o r  i t s  source o f  e x c i t a t i o n  power 
any phase f a u l t s  w i  11 . tend t o  decrement f a i r l y  
r a p i d l y  t o  synchronous values ( w i t h  .3- - 4  seconds). 
The COV-6 r e l a y  was chosen t o  coord inate  w i t h  the 
decrement curve. The COV-6 r e l a y  i s  torque con- 
t r o l  1  ed by bus vo l tage and w i  11 n o t  be pe rm i t ted  t o  
a c t i v a t e  unless bus vo l tage i s  below 80% as would 
be the case w i t h  a  f a u l t  cond i t i on .  Current  element 
i s  s e t  t o  p i c k  up a t  around 50% o f  generator  r a t i n g .  
U n i t  breaker opens immediately. 

I 

N 
w 12X Generator overspeed. A i  rpax speed re lay .  12X closes beyond 120% speed and causes u n i t  shut-  
I down, non-lockout. U n i t  breaker opens immediately. 

1E/CS Emergency shutdown. Control  swi t c h  . Operator dec is ion  t o  ' i n i t i a t e  emergency shutdown, 
non-lockout. . 

I PLANT PROTECTION 

Emergency shutdown, non-lockout (94P) w icket  gate t o  SNL 

152 L ine breaker open. . McGraw-Edi son A l l  u n i t  breakers open upon opening o f  l i n e  breakers. 
1  i ne breaker L ine breaker cannot be rec losed i f  u n i t  breakers 
auxi  1  i a r y  "b" are  c losed s ince u n i t s  may n o t  be i n  synchronism 
contac t .  w i t h  d i s t r i b u t i o n  system. U n i t  breakers open 

immediately. 

Voltage unbalance G.E. NBV v i a  A l l  u n i t  breakers and l i n e  breakers open upon vo l tage 
o r  negat ive  a u x i l i a r y  re lay .  unbalance o r  open 1  i n e  cond i t ions.  Amort isseur wind- 
sequence. ings are capable o f  w i ths tand ing 20% negat ive  

sequence cu r ren ts .  Pick up a t  5% unbalanced vo l tage 
w i l l  p rov ide adequate p ro tec t ion .  U n i t  breakers open 
immediately. 



Device No. Desc r ip t i on  Source Func t i on 

27B Bus UV G.E. NGV v i a  a u x i l -  Bus UV r e l a y  i s  used t o  prov ide back up p r o t e c t i o n  
i a r y  r e l a y .  f o r  the 51V u n i t  O.C. re lays  i n  the event o f ,  

f a i l u r e  o f  51V re lays  on phase t o  phase l i n e  f a u l t s  
. . and f o r  the  u n i t  646 r e l a y s  on l i n e  t o  ground 

fau. l ts  on the 4.16 KV bus. The bus UV r e l a y  i s  
a l s o  used t o  supervise the l i n e  breaker (152) and 
wi 11 prevent c losure  o f  t h e  l i n e  breaker when bus 
i s  -energized.  U n i t  breakers .and 1 i ne breakers open 
immediately. 

2 6 ~  Transformer h igh  Westinghouse t rans -  
temperature. former tempsrature 

sw i t ch  . 
8 1 Overlunder frequency. G.E. IJF frequency 

I re1 ay . 

A l l  u n i t  breakers and l i n e  breakers open immediately 
upon h igh  t ransformer  temperature. 

I f  feeder breaker opens a t  substa t ion and l i n e  
breaker o r  u n i t  breaker a t  p l a n t  does n o t  open, 
frequency w i l l  go h igher  i f  l i n e  load ing i s  lower 
then p l a n t  output  and w i  11 go lower i f  1 i n e  load-  
i n g  i s  h igher  than p l a n t  oucput. Frequency r e l a y  
w i l l  t r i p  u n i t  breakers and l i n e  breaker immediate- 
l y  under these cond i t ions.  I f  l i n e  load  matches 
p l a n t  output ,  p l a n t  w i l l  cont inue t o  supply l oad  
u n t i l  operator  i n t e r v e n t i o n .  



--pp -- 

I n i t i a l  S e t t i n g  - Sub jec t  t o  Change - DO NOT USE - For  In fo rma t ion  Only 

U n i t  1 

FUNCTION 

C. W. Pump 
Stop de lay  

120% Speed 

95% Speed 

20% Speed 

Cl g . water  
a larm 
Clg.  water  
SHDN 
W,G. B a t t .  
undervol  tage 
N. L. Vol tage 
Low l i m i t  . 
N. L. Vol tage 
Upper 1 i mi t 
Gate c lose  
1 i m i  t sw i t ch  
Gate S. N. L. 
l i m i t  s w i t c h  , 
Spare 

Gate open 
1 in i i  t sw i t ch  
Lower b r g  . 
temp. SHDN 
Upper b r g  . 
temp. SHDN 
V i b r a t i o n  
SHDN 
Under- 
e x c i t a t i o n  
E x c i t e r  s t a t u s  
t ime delay 
Incomplete 
sequence 
S t a t o r  tenlp. 
a larm 

LOCAT I ON 

P1 Rear 

P1 F ron t  K1 

P1 F ron t  K2 

P1 F ron t  K4 

Generator 

 ene era t o r  

P1 Rear 

E x c i t e r  
Reg. Cub ic le  
E x c i t e r  
Reg. Cub ic le  
W. ga te  
ope ra to r  
W. ga te  
ope ra to r  
W .  ga te  
ope ra to r  
W .  ga te  
opera t o r  

Genera t o r  

Generator 

Generator 

P1 Rear 

P1 Rear 

P1 Rear 

P2 F ron t  

CHANGE 

LAKE DEVICE SETTINGS 

SETTINGS 

60 Min. . 

240 RPM 

190 RPM 

40 RPM 

105" F 

120°F 

10 Sec. 

4.10 KV 

4.25 KV 

Close > 0% 

Close 5 5. N. L. 

-- 

Close < LOO% 

130°F 

.130°F 

Normal g l e v e l  + 0.8 g 

See separate r e l a y  form 

5 Sec. 

50 Sec. 

135°C 

TURLOCK 

AVAILABLE 
RANGE 

6-60 Min. 

0-5d0 RPM 

0-500 RPM 

0-500 RPM 

100"-240°F 

100"-240°F 

5-50 Sec. 

Continuous 

Continuous 

Continuous 

Continuous 

Continuous 

Continuous ' 

30"-240°F 

30"-240°F 

0-4.5 g 

1.5-15 Sec. 

5-50 Sec. 

0-150°C 

MODEL 
NUMBER 

7024NI 

080-311- 4110 

080-311- 
4110 
080-311- 
4110 

2E145 

2E145 

7022QD 

L84000 

L84000 

366 

KL F 
290B481A13 

7014NC 

7012ND 

250 

DEVICE 
NUMBER 

1 CPX 

12 

13 

14 

26CWl 

26CW2 

27GX 

33R3 

33R4 

33W 1 

33W2 

33W3 

33W4 

38L 

38U 

396 

40 

41X. 

48 

49S1 
- 

. MFG. 

Agasta t  

A i r  Pax 

A i r  Pax 

A i r  Pax 

Dayton 

Dayton 

Agas t a  t 

T r e r i c e  

T r e r i  ce 

Robert- 
Shaw 

W 

Agas t a t  

Agasta t  

L & N  



I n i t i a l  S e t t i n g  - Sub jec t  t o  Change - DO NOT USE - For  I n f o r m a t i o n  Only 

L0CP.T I -IN 

P3 Fron t  

P2 F ron t  

P 3  F ron t  
-- 

pl Rear 

P1 Rear 

P 1  Rear 

Generator 

Generator 

Exc i te r iReg.  

Generator 

P1 Rear 

P1 Rear 
-- - - - 

P l R e a r  

Supv. P5 
Supv. P5 

N 
03 
CT 

TUiLOCK 

AVAI LADLE 
RANGE 

20-200 Sec. 

0-150°C 

20-200 Sec. 

2-2.5-3-3.5- 
4-5-6 

0.5-5 Sec. 

5.4-7.5- 
12.5-20 

None 

None 

76-229 

0.5-80 PSI 

1-10 Min. 

0.5-0.7-1.0- 
1.4-2.0-2.8-4 

0.5-5 Sec. 
0.5-5 Sec. 

LAKE DEVICE SETTINGS 

SETTINGS 

100 Sec. 

145°C 

100 Sec. 

Tap 2.0 T.D. 2 S. I. 
90V D.O. 

3 Sec. 

Tap 5.4 T.D. 1.0 S.I .  2.0 

A c t i v a t e  $" below normal 

A c t i v a t e  %" below normal 

190A, TO = 1 min. a t  150% 

12 PSI 

10 Min. 

Factory  s e t  
- - - - - - - 

T a p u T . D . 5 S . I . Q  

1.5 Sec. 
1.5 Set: 

U n i t  1 

FUNCTION 

Seal i n  
f o r  49S1 
S t a t o r  Temp; 
SHDN 
Seal i n  
f o r  4952 
Overcur rent -  
undervol  tage 
Dly .  t o  c lose  
f i e l d  b k r .  
Ground f a u l t  
back up 
Lower b r g  . 
o i l  l e v e l  
Upper b r g  . 
o i l  l e v e l  
F i e l d  
ove rcu r ren t  
Low c l g .  water  
f l o w  (press  SW) 
Low C.W. f l o w  
SHDN 
Generator d i  ff. 
c u r r e n t  
Ground f a u l t  
SHDN 

Tinied ou tpu t  
Timed ou tpu t  

DEVICE 
NUISBER 

49SlX 

49S2 

49S2X 
- 

51V 

52X 

646 

71L 

71U 

76 

80W 

80WY 

876 
- 

87N 

288 WCX 
288 WOX 

CllANGE 

-- 

MGF . 

Agas t a  t 

L & N  

Agastat  

W 

Agasta t  

G.E. 

Magnetrol 

Magnetrol 

A-B 

Barksdale 

Agastat  

W 

W 

Agastat  
Agastat  

MODEL 
NUMBER 

7022NE 

250 

7022NE 

COV-6 
1878495 

7014NB 

121AV- 
51KlA 

249C-513 

249C-513 

810-A22BR 

D1H-A80 

7012NF 

C A 
290B892AlJl 

CWP- 1 

7022NB 
7022NB 



I n i t i a l  S e t t i n g  - Sub jec t  t o  Change - DO NOT USE - For I n f o r m a t i o n  Only 

CHANGE LOCAT I ON 

P2 Rear 

P2 F ron t  K1 

P2 F ron t  K2 

P2 F ron t  K4 

Genera t o r  

Generator 

P2 Rear 

E x c i t e r  
Reg. Cub ic le  
E x c i t e r  
Reg. Cub ic le  
W .  ga te  
ope ra to r  
W. gate 
ope ra to r  
W .  ga te  
ope ra to r  
W. ga te  
ope ra to r  

Generator 

Generator 

Genera t o r  

P2 Rear 

P2 Rear 

P2 Rear 

P2 F ron t  

LAKE DEVICE SETTINGS 

SETTINGS 

60 Min. 

240 RPM 

190 RPM 

40 RPM 

105°F 

120°F 

10 Sec. 

4.10 KV 

4.25 KV 

Close > 0% 

Close 5 5. N. L. 

-- 

Close < 100% 

130°F 

130°F 

Normal g l e v e l  + 0.8 g 

See separate r e l a y  form 

5 Sec. 

50 Sec. 

135°C 

U n i t  2 

FUNCTION 

C. W .  Pump 
Stop de lay  

120% Speed 

95% Speed 

20% Speed 

a1 arm 
Clg. water  

SHDN 
Clg. water  

W.G. B a t t .  
undervol  tage 
N. L. Vol tage 
Low 1 i m i  t 
N. L. Vol tage 
Upper l i m i t  
Gate c lose  
l i m i t  sw i t ch  
Gate S. N. L. 
l i m i t  s w i t c h  

Spare 
Gate open 
1 i m i  t sw i t ch  
Lower b r g  . 
temp. SHDN 
Upper b r g  . 
temp. SHDN 
V i b r a t i o n  
SHDN 
Under- 
e x c i t a t i o n  
E x c i t e r  s t a t u s  
t ime de lay  

. Incomplete 
sequence 
S t a t o r  temp. 
alarm 

TURLOCK 

AVAILABLE 
RANGE 

6-60 Min. 

0-500 RPM 

0-500 RPM 

0-500 RPM 

100"-240°F 

100"-240°F 

5-50 Sec. 

Continuous 

Continuous 

Continuous 

Continuous 

Cont i  nuous 

Continuous 

30"-240°F 

30"-240°F 

.O-4.5 g 

1.5-15 Sec. 

5-50 Sec. 

0-150°C 

MODEL 
NUMBER 

7024NI 

080-311- 
4110 
080-311- 
4110 
080-311- 4110 

2E145 

2E145 

7022QD 

L84000 

L84000 . 

366 

KL F 
290B481A13 

7014NC 

7012ND 

2 50 

DEVICE 
NUMBER 

lCPX 

12 

13 

14 

26CW1 

26CW2 

27GX 

33R3 

33R4 

33W 1 

33W2 

33W3 

33W4 

38L 

38U 

396 

4 0 

41X 

48 

49S1 

MFG . 

Agas t a t  

A i r  Pax 

A i r P a x  

A i r  Pax 

Dayton 

Dayton 

Agas t a  t 

T r e r i  ce 

T r e r i  ce 

Robert-  
Shaw 

W 

Agasta t  

Agasta t  

L & N 



TUFLOCK LAKE DEVICE SETTINGS U n i t  2 

CHANGE DEVICE 
NUMBER 

49SlX 

4952 

49S2X 

N 

AVAILABLE SETTINGS LOCAT I CN FUNCTION 
RANGE MFG. 

Agas t a  t 

L & N  

Agasta t  

20-200 Sec. 

MODEL 
NUMBER 

7022NE 

2 50 

7022NE 
pppp 

100 Sec. P3 Front  

51V 

52X 

646 

71L 

7 1U 

76 

SOW 

80WY 

876 

87N 

288WCX 

288 WOX 

I n i t i a l  

2-2.5-3-3.5- 
4-5-6 

0.5-5 Sec. 

5.4-7.5- 
12.5-20 

None 

None 

76-229 

0.5-80 PSI 

1-10 Flin. 

'(One 

0.5-0.7-1.0- 
1.4-2.0-2.8-4 

0.5-5 Sec. 

0.5-5 Sec. 

Change - DO NOT USE 

Seal i n  f o r  

W 

Agas t a t  

G.E. 

Magnetrol  

Magnetrol  

A-8 

Barksda le  

Agasta t  

W 

W 

Agasta t  

Agas t a  t 

S e t t i n g  - 

0-150°C 

20-200 Sec. 

COV-6 
1878495 

7014NB 

121AV- 
51KlA 

249C-513 

249C-513 

810-A22BR 

D1H-A80 

7012NF 

C A 
2900892A10 

CWP- 1 

7022NB 

7022NB 

Sub jec t  t o  

Tap 
90V m. 
3 Sec. 

Tap 5.4 T.D. 1.0 S.I. 2.0 

A c t i v a t e L , " b e l o w n o r m a l  

A c t i v a t e  $" below normal 

190A, TD = 1 min. a t  150% 

12 PSI 

10 Min. 

Factory  s e t  

T a p 0 . 7 T . D . g S . I . 2 . 0  

1.5 Sec. 

1.5 Sec. 

- For  I n f o r m a t i o n  Only 

145°C 

100 Sec. 

p2 Rear 

P2 Rear 

P2 Rear 

Generator 

Generator 

Exci  ter/Reg. 

Generator 

P2 Rear 

P2 Rear 

P2Rear  

Supv. P5 

Supv. P5 

49S1 

Overcurrent-  
undervol  tage 

f i e l d  bk r .  
D ly .  t o  c lose  

Ground f a u l t  
back up 
Lower b r g  . 
o i l  l e v e l  

o i l  l e v e l  
Upper brg .  

F i e l d  
ove rcu r ren t  
Low c l g .  water  
f l o w  (press  SW) 
Low C.W. f l o w  
SHDN 
Generator d i  f f  . 
c u r r e n t  
Ground f a u l t  
SHDN 

Timed ou tpu t  

Timed ou tpu t  

P2 F ron t  

P3 F r o n t  

S t a t o r  Temp. 
S tl DN 
Seal i n  f o r  
49S2 



I n i t i a l  S e t t i n g  -. Sub jec t  t o  Change - DO NOT USE - For  I n f o r m a t i o n  Only 

LAKE DEVICE SETTINGS 

SETTINGS 

60 Min. 

240 RPM 

190 RPM 

40 RPM 

105°F 

120°F 

10 Sec. 

4.. 10 KV 

4.25 KV 

Close > OX 

Close 5 S .  N. L. 

-- 

Close < 100% 

130°F 

1 3 0 " ~  

Normal g l e v e l  + 0.8 g 

See separate r e l a y  form 

5 Sec. 

50 Sec. 

135°C 

NUMBER 
DEVICE 

1 CPX 

12 

13 

14 

26CW1 

26CW2 

27GX 

33R3 

3 3R4 

33Wl 

33W2 

33W3 

33W4 

38L 

38U 

396 

40 

41X 

4 8 

49S1 

MODEL 
NUMBER 

7024NI 

080-311- 4110 

080-31 4110 

080-311 
4110 

2E145 

2E145 

7022QD 

L84000 

L84000 

366 

KLF 
290B481A13 

7014NC 

7012ND 

250 

MFG. 

 as t a t  

A i r  Pax 

A i r  Pax 

A i r  Pax 

Day t o n  

Dayton 

Agastat  

l r e r i  ce 

T r e r i  ce 

Robert-  
Shaw 

W 

Agasta t  

Agasta t  

L & N ' 

LOCATION 

P3 Rear i 

P3 Front. K1 

P3 Front. K2 

P3 Front  K4 

Generatcr  

Genera t c r  

P3 Rear 

E x c i t e r  
Reg. Cub ic le  
E x c i t e r  
Reg. Cub ic le  
W. ga te  
opera t o r  
W. gate 
ope ra to r  
W. ga te  
ope ra to r  
W. gate 
opera t o r  

Generator 

Genera t o r  

Genera t o r  

P3 Rear 

P3 Rear 

P3 Rear 

P2 F ron t  

TURLOCK 

AVAILABLE 
RANGE' 

6-60 Min. 

0-500 RPM 

0-500 RPM 

0-500 RPM 

100"-240°F 

100"-240°F 

5-50 Sec. 

Continuous 

Continuous 

Continuous 

Continuous 

Continuous 

Continuous 

30"-240°F 

309-240a'F 

0-4.5 g 

1.5-15 Sec. 

5-50 Sec. 

0-150°C 

U n i t  3 

FUNCTION 

C. W .  Pump 
Stop de lay  

120% Speed 

95% Speed 

20% Speed 

Clg. water  
a larm 
Clg.  water 
SHDN 
W.G. B a t t .  
undervol  tage 
N. L. Vol tage 
Low l i m i t  
N. L. Vol tage 
Upper l i m i t  
Gate c lose  
1 i m i  t s w i t c h  
Gate S. N. L .  
1 im i  t s w i t c h  

Spa r e  

Gate open 
1 i m i  t s w i t c h  
Lower b rg .  
temp. SHDN 
Upper b r g  . 
temp. SHDN 
V i b r a t i o n  
SHDN 
Under 
e x c i t a t i o n  
E x c i t e r  s t a t u s  
t ime de lay  
Incomplete 
sequence 
S t a t o r  temp. 
a larm 

CHANGE 



I n i t i a l  S e t t i n g  - Sub jec t  t o  Change - DO NOT USE - For  I n f o r m a t i o n  Only 

MODEL 
NUMBER 

7022NE 

250 

7022NE 

COV-6 
1878495 

7014NB 

121AV- 
51KlA 

249C-513 

249C-513 

810-A22BR 

DlH-A80 

7012NF 

2!OB892A10 
C 

CWP-1 

7022NB 
7022NB 

rU 
03 
+l 

TURLOCK 

AVAILABLE 
RANGE 

2C-200 Sec. 

0-150°C 

2C-200 Sec. 

2-2.5-3-3.5- 
4- 5-6 

0.5-5 Sec. 

5.4-7.5- 
12.5-20 

None 

None 

76-229 

0.5-80 PSI 

1-10 Min. 

None 

0.5-0.7-1.0- 
1.4-2.0-2.8-4 

0.5-5 Sec. 
0.5-5 Sec. 

DEVICE 
NUMBER 

49SlX 

49S2 

49S2X 

51V 

52X 

646 

71L 

71U 

76 

80W 

80WY 

876 

87N 

288 WCX 
288 WOX 

LAKE DEVICE SETTINGS 

SETTINGS 

100 Sec. 

145°C 

100 Sec. 

Tap 2.0 T.D. 2 S. I .  0.2 
90V m. 
3 Sec. 

Tap 5.4 T.D. 1.0 S.I. 2.0 - 

A c t i v a t e  4" be1 ow normal 

A c t i v a t e  $" below normal 

190A, TD = 1 min. a t  150% 

12 PSI 

10 Min. 

Factory  s e t  

T a p 0 . 7 T . D . t j S . I . 2 . 0  

1.5 Sec. 
1.5 Sec. 

1 

MFG . 
Agasta t  

L & N  

Agasta t  

W 

Agas t a t  

G.E. 

Magnetrol  

Magnetrol  

A- B 

Barksdal  e 

Agasta t  

W 

W 

Agasta t  
Agasta t  

U n i t  3 

FUNCTION 

Seal i n  f o r  
49S1 
S t a t o r  Temp. 
SHDN 
Seal i n  f o r  
4952 
Overcur rent -  
undervol  tage 
Dly.  t o  c l o s e  
f i e l d  bk r .  
Ground f a u l t  
back up 
Lower b r g  . 
o i l  l e v e l  
Upper b r g  . 
o i l  l e v e l  
F i e l d  
ove rcu r ren t  
Low c l g .  water  
f l o w  (press  SW) 
Low C.W. f l o w  
SIiDN 

c u r r e n t  
Generator d i  f f . 
Ground f a u l t  
SHDN 

Timed ou tpu t  
Timed ou tpu t  

LOCATION 

P3 F r o n t  

P2 F r o n t  

P3 F ron t  

P3 Rear 

P3 Rear 

P3 Rear 

Generator 

Generator 

Exc i  ter/Reg. 

Genera t o r  

P3 Rear 

P3 Rear 

P3Rear  

Supv. P5 
Supv. P5 

CHANGE 



I n i t i a l  s e t t i n g  - Sub jec t  t o  Change - DO NOT USE - For  In f80 rma t ion  Only 

LOCATION 

P l a n t  East 
Wall 
P l a n t  East 
Wall 
Main t r a n s -  
formers 
Main t rans -  
formers 

P4 F ron t  

P4 F ron t  

P4 F ron t  

P4 Rear 

P4 Rear 

P4 Rear 

P4 Rear 

P4 Rear 

t i o n  t rans .  
S. gate  pos i -  

S. gate  pos i -  
t i o n  t rans .  

t i o n  t rans .  
S . g a t e p o s i -  

t i o n  t rans .  
S. gate  pos i -  

P4 F ron t  

P4 Rear 

ope ra to r  
S. gate  

S. gate  
opera t o r  

P l a n t  

FUNCTION 

P l a n t  a i r  ( 2  ea) 
f a n  s t a r t  
P l a n t  a i r  tesp.  
a larm 
Trans. h i g h  ( 2  
ea) temp. a larm 
Transf .  h i g h  ( 2  
ea) temp StlDN 

Bus undervol  tage 

Bus undervo l tage 

Bus undervo l tage 

SHDN a l l  u n i t s  
Bus undervo l tage 

Bus undervol  tage 
a larm 
B a t t e r y  under- 
vo l tage  

vo l tage  a larm 
B a t t .  under- 

S t a t i o n  s e r v i c e  
undervol  tage 

1 i m i  t 
S. gate  c lose  

S. gate  open 
l i m i t  

l i m i t  
S . g a t e c l o s e  

S. gate  open 
l i m i t  
Vol tage 
unbal.ance 
Vol tage unbalance 
SHDN 

A1 arm 

Press pump 
s t a r t  

CHANGE 

- 

TURLOCK 

AVAILABLE 
RANGE 

30"-110°F 

30"-110°F 

38"-82°C ' 

62"-115°C 

70-100 v o l t s  

70-100 vo l  t s  

70-100 v o l t s  

0.5-5 Sec. 

0..5-5 Sec. 

32-48V 

0.5-5 Sec. 

40-9OV 

0-100% 

0- 100% 

0-100% 

0-100% 

10-20 v o l t s  

0.5-5 Sec. 

200-3000 PSI 

200-3000 PSI 

MODEL 
NUMBER 

2E206 

2E206 

12NGV- 
13Al lA  
12NGV- 
13Al lA  
12NGV- 
13Al lA  

7024NB 

7022NB 

12NGV . 
17A3F 

7014NB 

12HFA- 
65D69F 

12NBV- 
l l A l A  

7012NB 

604P21 

604P2 1 

DEVICE 
NUtYBER 

23P1 

23P2 

26T1 

26T2 

27B/PH1 

27B/PH2 

27B/PH3 

27BX1 

27BX2 

27D 

27DX 

27s 

33S1 

3352 

33S3 

3354 

4 78 

47BX 

63SG1 

63SG2 

LAKE OEVICE SETTINGS 

SETTINGS 

80" F 

110°F 

82°C 

105°C . 

V 95 

V 95 

Vz . 

1.5 Sec. 

1.4 Sec. 

45 v o l t s  

5 ' ~ e c .  

90 v o l t s  

Gate f u l l y  c losed 

Gate f u l l y  open 

Gate f u l l y  c losed  

Gate f u l l y  open 

V lo 
1.0 Sec. 

1600 PSI 

2100 PSI 

' MFG. 

Dayton 

Day t o n  

W 

W 

G.E. 

G.E. 

G.E. 

Agas t a t  

Agasta t  

G.E. 

Agastat  

G.E. 

S i e r r a  

S i e r r a  

S i e r r a  

S i e r r a  

G.E. 

Agasta t  

CCS 

CCS 



LAKE DEVICE SETTINGS 

SETTINGS 

Factory  s e t  a t  1021 PSI 

E l 2  240.0 Closed 

E l 2  232.5 Closed 

E l 5  207.0 Closed 

E l 5  207.0 Closed 

Factory  s e t  

L 59 
R 61 S.1. 0.2 
2.0 Sec. 

50 Sec. 

10 Sec. 

50 Sec. 

10 Sec. 

50 Sec. 

10 Sec. 

50 Sec. 

10 Sec. 

- For  I n f o r m a t i o n  Only 

LOCATION 

Main t rans -  
formers 
Water l e v e l  
t r a n s m i t t e r s  
Water l e v e l  
t r a n s m i t t e r s  
Water l e v e l  
t r a n s m i t t e r s  
Water l e v e l  
t r a n s m i t t e r s  

Transformers 

P4 F ron t  

P4 Rear 

Supv. P5 

Supv. P5 

Supv. P5 

Supv. P5 

Supv. P5 

Supv. P5 

Supv. P5 

Supv. P5 

TURLOCK 

AVAILABLE 
RANGE 

None 

E l  232-242 ft. 

E l  232-242 ft. 

E l  202-212 ft. 

E l  202-212 ft. 

Nme 

( L )  55-65 HZ (R) 
L+(.75 t o  2)  HZ 

0.5-5 Sec. 

2C-200 Sec. 

1.5-15 Sec. 

2C-200 Sec. 

1.5-15 Sec. 

20-200 Sec. 

1.5-15 Sec. 

20-200 Sec. 

1 5-15 Sec. 

Chalnge - DO NOT USE 

03 
5 

P l a n t  

FUNCTION 

Press r e l i e f  
a larm ( 2  ea) 
F. bay h i g h  
l e v e l  
F. bay low 
l e v e l  
T a i l r a c e  low 
l e v e l  
T a i l r a c e  low 
l e v e l  

Low o i l  l e v e l  

Under lover 
f requency 
L i n e  bk r .  s t a t u s  
t ime  de lay  
S. # 1  gate  con- 
t r o l  t imed outputs  
S. # 1  gate  con- 
t r o l  t imed outputs  
S. # 1  gate  con- 
t r o l  t imed ou tpu ts  
S. # 1  gate  con- 
t r o l  t imed outputs  
S. #2 ga te  con- 
t r o l  t imed outputs  
S. #2 gate  con- 
t r o l  t imed ou tpu ts  
S. #2 gate  con- 
t r o l  t imed outputs  
S.  #2 gate  con- 
t r o l  t imed outputs  

CHANGE MODEL 
NUMBER 

121JF- 
52A4A 

7014NB 

7022NE 

7022NC 

7022NE 

7022NC 

7022NE 

7022NC 

7022NE 

7022NC 

Sub jec t  t o  

DEVICE 
NUMBER 

6 3T 

71FBH 

71FBL 

71TRL 

71TRL 

71T 

81 

152X 

220SCX 
C 1  

N -  220SCX 
F1 

220SoX 
C 1 

220SoX 
F1 

220SCX 
C 2 

220SCX 
F2 

220SoX 
C2 

220SoX 
F2 

I n i t i a l  

MFG . 
W 

S i e r r a  

S i e r r a  

S i e r r a  

S i e r r a  

W 

G.E. 

Agasta t  

Agasta t  

Agasta t  

A g a s ~ a t  

Agasta t  

Agasta t  

Agasta t  

Agasta t  

Agasta t  

S e t t i n g  - 



TURLOCK LAKE RECLOSER SETTINGS 

Recl ose r  Type - RXE 

Con t ro l  Type - ME E l e c t r o n i c  Con t ro l  

Accessor ies - Remote c l ose ,  Remote l ockou t ,  

A u x i l i a r y  con tac t s ,  Dead- l ine b l ock ,  48 VDC power 

S e t t i n g s  

Phase T r i p :  200, Curve ( 1 )  hlon e , Curve ( 2 )  

Ground T r i p :  25A, Curve ( 1 )  d o  rip , Curve ( 2 )  3 

Number o f  Operat ions:  

Ground t r i p  socke t  ($1-2-3-4 

Lockout  socke t  0 2 - 3 - 4  

Phase t r i p  socke t  @1-2-3-4 

Rec los ing  I n t e r v a l  Delays : 

1s t 1-2-5-7- 10-15--30-45 Remove these  p lugs  

2nd 1-2-5-7-10-15-30-45 Remove these  p lugs  

3 r d  1-2-5-7-10-15-30-45 Remove these  p lugs  

Reset Delay: 

10-15-30-45-60-90-120-180 Remove these  p lugs  

Ground B lock  Swi tch  
, . ---.I-' 

Recl o s i  ng Swi tch  *n ~ e c % ? ~ ~ o r m a l  

IN IT IAL  SETTINGS - SUBJECT TO CHANGE 

FOR INFORMATION ONLY - DO NOT USE 



Section 29 - CONTROLS 

Plant controls are  incorporated in the switchboard manufactured by 

R T E Delta of Stockton, California. Refer to  T.I.D. drawing #El-509 t o  

General Method of Star t ing 

Generators are  designed wi t h  heavy amorti sseur windings and are  

capable of being s ta r ted  as synchronous motors. (Synchronous motors are  

generally s t a r t e d  by closing the main breaker and accelerating the rotor  

in the same fashion as an induction motor and then applying the f i e ld  a t  

an optimum phase angle near synchronous speeds. ) 

However, instead of accelerating the generator rotor from sfand- 

s t i l l ,  the wicket gate can be opened t o  a speed no load position. This 

will accelerate the rotor  thru the 95% speed level .  This will a l l ev ia t e  

voltage dips of long durations during the acceleration period. A t  95% 

speed, the unit  breaker i s  closed and the rotor i s  accelerated to  near 

synchronous speeds. After a short  time delay, the f i e ld  i s  applied and 

the rotor  i s  pulled in to  synchronism with the dis t r ibut ion system. 

Care should be taken to  reduce flows thru the s lu ice  gate in syn- 

chronism with the passing of water t h r u  the turbine in order to  minimize 

excessive surging of water downstream from the plant.  

Unit Star t ing Procedure from Switchboard 

Starting a unit  from the switchboard may be accomplished as follows: 

1. 43P plant "Local Remote" selector  switch t o  "Local" position. 
2 .  436 generator "manual-local auto-remote" selector  switch to  

"local auto" position. 
3 .  43R regulator "manual-auto" selector  switch to  "auto." 
4. Check tai lwater  level by observing s t a f f  gage or marker on wall 

in ta i lwater  bay. Tailwater elevation must be a t  l eas t  a t  
elevation 207 ..0. 



5. Check forebay level by observing s t a f f  gage. Forebay level should 
be a t  l eas t  a t  elevation 232.5. 

6. Line breaker must be closed. I f  not closed, close l i n e  breaker. 
7.  To i n i t i a t e  s t a r t ing  sequence momentarily close 1/CS s t a r t  switch. 

Sequencing relays will automatical l y  bring generator on 1 ine i f  
the following permissives a re  met: 

a.  43G in LA position. 
b. 43R in auto position. 
c .  Exciter/regulator voltage s e t  rheostat  in no load position 

c i r cu i t ry  in exciter/regulator and switchboard i s  designed 
to force voltage s e t  rheostat  t o  the no load position. 

d .  Generator speed l e s s  than 120% rated speed. 
e.  4.16 KV bus voltage energized. 
f .  Wicket gate battery vol tage normal . 
g. Forebay level normal . 
h .  Lockout relays (86E and 86N) rese t .  
i . T a i  1 race water 1 eve1 normal . 

8. Observe cooling water pump indicator l i gh t .  
9. Observe RPM meter. As soon as generator accelerates to  95% speed 

(95% of 200 rpm = 190 rpm), u n i t  breaker should close. As soon 
as  uni t  s t a r t  switch i s  closed, red indicator l i g h t  should go 
out.  If red l i g h t  does not go out ,  t h i s  indicates tha t  cooling 
water pump has not been s ta r ted .  

10. The f i e l d  breaker should close automatically, applying voltage 
t o  the generator f i e l d ,  approximately 5 seconds a f t e r  closure of 
uni t  breaker. The f i e l d  discharge r e s i s to r  i s  automatically 
disconnected approximately 5 seconds a f t e r  f i e l d  application. 
The generator should now be in synchronism with the system. 

11. I f  f i e l d  breaker f a i l s  t o  close within 50 seconds of uni t  s t a r t ,  
an incomplete sequence relay will shutdown and lockout in the 
emergency shutdown mode (86E). 

12. Open wicket gate to  desired flow and loading. 
13. Adjust  s lu i ce  gates.  

Unit Shutdown Procedure from Switchboard 

436 selector  switch in "local -autou position. 
Momentarily close 1/CS stop switch; relay 5B i s  energized and 
i n i t i a t e s  shutdown sequence. 
S t a r t  c i r c u i t  i s  automatically deenergized. 
Wicket gate closure i s  automatically in i t i a t ed .  Wicket gate 
will close to  f u l l  closure in approximately 30 seconds. 
Unit breaker t r i p s  a t  SNL (20% speed). 
Field breaker t r i p s  as  soon as u n i t  breaker t r i p s .  
Field discharge r e s i s to r  i s  reconnected. 
If  i t  i s  desired to  bring rotor  to a fu l l  stop, wait until  
generator speed slows to  l e s s  than 25% (50 rpm) o r  normal. 
Gradually apply handbrake to  b r i n g  rotor to  a gradual and smooth 
stop. 
Adjust flow through s lu ice  gates. 

Unit S tar t ina  Procedure from Broadwav Control 

1. 436 selector  switch t o  "remote" position. 



2.. All o t h e r  sequences same a s  u n i t  s t a r t  from switchboard except  
remote s t a r t  2 0 l / s t a r t  swi tch  r e p l a c e s  l / C S / s t a r t  sw i t ch .  

Unit  Shutdown Procedure from Broadway Control 

1. Same a s  above procedure excep t  remote s t o p  2 0 l / s t o p  swi tch  i s  
c lo sed  i n s t e a d  of  2 0 l I s t a r t  swi tch .  

2. A man w i l l  go t o  t h e  pl 'ant and apply  manual brakes t o  s t o p  the 
u n i t .  

The f o l  lowing a r e  manual s t a r t  and s t o p  procedures  (non-automatic  

sequ.encing ) . However, t h i s  procedure i s  n o t  recommended f o r  normal s t a r t -  

ing  and s topping  of  u n i t s .  

MANUAL START 

1. S e t  43P on "Loca l , "  43G on "Manual" and 43C on "Manual." I 

2. Check annunc ia to r  c l e a r  o f  a larms.  
'I 

3 .  Close breaker  152. A f t e r  s h o r t  d e l a y  , check 4 KV bus vol t a g e  normal . :li . i 

4.  S t a r t  coo l ing  water  pump. A f t e r  s h o r t  d e l a y  check f low normal. 

5. A c t i v a t e  s t a r t  c i r c u i t  through 1/CS s t a r t  swi tch .  Relays 4A, 4B and 
4C w i l l  pick up. 

6 .  Open wicke t  g a t e  t o  approximately 200 RPM and c l o s e  breaker  52. 

7. A f t e r  u n i t  speed s t a b i l i z e s ,  check v o l t a g e  normal and c l o s e  breaker  
41 through .41 CS. 

8. Use v o l t a g e  a d j u s t  r h e o s t a t  t o  se t  t h e  power f a c t o r  c l o s e  t o  u n i t y  
o r  s l i g h t l y  l ead ing .  

9. Open wicke t  g a t e  t o  d e s i r e d  load ing .  

10. S l u i c e  g a t e s  a d j u s t e d  f o r  f low requi rements .  

MANUAL STOP 

1. Check 43P on "Loca l , "  436 and 43R on "blanual." 

2. Close wicke t  g a t e  t o  speed no ' load  a d j u s t i n g  vol t a g e  ( v a r s )  a s  
l oad  i s  reduced. 

3. T r i p  breaker  41 through swi tch  41 CS. 

4.  T r i p  breaker  52 through swi tch  52 CS. 

5. Close wicke t  g a t e  f u l l y .  



I 6.  Stop. cooling water pump (pump will  continue t o  r u n  fo r  60 minutes). 

7 .  Sluice gates adjusted fo r  flow requirements. 

I Section 30 - REMOTE CONTROL 

The remote control equipment i s  manufactured by System Northwest and i s  
> * . . 

I connected to  the Honeywell SCADA system a t  the ~ r o a d w a ~  Control Center by 

leased telephone l ines .  Control and supervision of the power plant can be 

accomplished t h r u  four CRT screens provided. Refer t o  T.I.D. drawing 

# E1-520 to  E1-523. 
. .. 

The fo'l1,owing remote functions a re  avail ab'l e a t  Broadway: 

A .  Control 

a .  For each of the three uni ts :  

1. U n i t  s t a r t .  
2. U n i t  stop. 
3 .  Unit wicket gate open - coarse. 
4 .  U n i t  wicket ga,te open - f ine .  
5. U n i t  wicket gate close - coarse. 
6. U n i t  wicket gate close - f ine .  
7 .  U n i t  voltage raise .  
8. Unit vol tage 1 ower. 

b.  For plant functions: 

Sluice gate 81 open - coarse. 
Sluice gate #1 open - f ine .  
Sluice gate #1 close - coarse. 
Sluice gate #1 close - f ine .  
Sluice gate #2 open - coarse. 
Sluice gate #2 open - f ine .  
Sluice gate #2 close - coarse. 
Sluice gate #2 close - f ine .  
Line breaker open. 
Line breaker close.  
Test relay close.  
Test relay t r i p .  

B .  Data 
' 3 . - . / _ 7 .  . .  . . ,.. . . :  . 

a. For each of the three units:  

1. Unit KV. 
2. U n i t  KVAR. 
3 .  Unit wicket gate position. 
4. Unit RPM. 
5. U n i t  output amps. 



b. For p l a n t  equipment: 

1. Forebay wa te r  l e v e l .  
2 .  Ta i lwa te r  l e v e l .  
3. 4.116 KV .bus vol t a g e .  
4. S l u i c e  g a t e  #1 p o s i t i o n .  
5 .  S l u i c e  g a t e  #2 p o s i t i o n .  
6 .  5 v o l t  power supply  vo l t age .  
7. Drop #2 flow. 

C .  Alarm 

a .  For each o f  t h e  t h r e e  u n i t s :  

1. Unit  overspeed.  A 
2.  Unit  emergency t r i p  non-lockout (94G). A 
3. Unit  t r o u b l e .  See paragraph E .  
4. Uni t g e n e r a t o r  bear ing  cool ing  wa te r  high tempera ture .  

b. For p l a n t  equipment: 

1. Forebay water  l e v e l  low. A 
2 .  P l a n t  emergency t r i p .  a 
3. P l a n t  t r o u b l e .  See paragraph F . A  
4. Forebay wa te r  l e v e l  high.  @ 
5. S t a t i o n  s e r v i c e  under vo l t age .  0 
6 .  P l a n t  ambient t empera ture  high.  0 
7.  P l a n t  f i r e  a larm.  0 
0. S l u i c e  g a t e  accu~i~uld tur .  p r e s s u r e  low. @ 
9.  Annunciator horn "ON." a 

D.  S t a t u s  

a .  For each of  t h e  t h r e e  u n i t s :  

1. Unit  c o n t r o l  mode " remote- loca l . "  
2 .  ON-OFF. 
3. Unit  b reaker  "OPEN-CLOSE." 

b. For p l a n t  equipment: 

1. Line breaker  "OPEN-CLOSE." 
2.  P l a n t  door  a larm.  
3. Unit  b reaker  "OPEN-CLOSE." 
4. T e s t  r e l a y  ON-OFF. 

Alarms a r e  grouped a s  fo l lows:  

E. Unit  Trouble  

1. Cooling water  low f1ow.A 

A Shutdown t o  speed-no-load. 
A Complete .shutdown t o  ze ro  f lows.  
@ Non-shutdown p o l n t s .  



Incomplete sequence. O 
Bearing o i l  temperature high. A 
Bearing o i l  level low. A 
Emergency shutdown and lockout (86E). A 
Stator  temperature high. A 
Wicket gate battery under voltage.& 
Field overcurrent. A 
Normal emergency shutdown and lockout (86N). A 
Generator vibration high. A 
Cooling water high temperature. 

F.  Plant Trouble 

1. Transformer alarm #1 (high temperature, low level o r  pressure 
rbel ie f  device).  

2 .  Transformer alarm #2 ( h i g h  temperature, low level or  pressure 
re1 i e f  device).  

3 .  4 KV bus under voltage. 
4. Plant overlunder frequency. 
5 ,  Plant batter-y under voltage. 
6. Bus phase sequence. 

Section 31 - OPERATIONS 

A. General 

The Turlock Lake Powerhouse operates as a run of the canal plant 

and as  such operates around i r r iga t ion  schedules. Close coordination i s  

required between the D i s t r i c t ' s  water master and the Broadway Control 

Center. 

I r r igat ion orders a re  taken by a mu1 t i  tude of di tchtenders from 

various farmers w i t h i n  t h e i r  respective beats. Orders are  forwarded t o  

the D i s t r i c t ' s  water master between 5 P.M. and 6 P.M. After the water 

master compiles the orders, he determines what the canal flows should be 

in the main canal f o r  the following day and d i rec ts  this information to  

the Broadway Control Center. 

The Broadway Control Center d l 1  release the desired flows a t  

the Turlock Lake Powerhouse s t a r t ing  a t  6 A.M. Broadway will monitor 

D Shutdown to  speed-no-1 oad 
A Complete shutdown t o  zero flows. 



flow data telemetered from Drop #2 and make gate adjustments as necessary 

to  maintain desired flows in the main canal. 

Star t ing a t  Drop #4, two canal r iders  follow the change in canal . 
flows down the canal and make adjustments t o  gates or boards a t  each drop 

s t ructure t o  pass the new flows. However, a t  Turlock Lake Powerhouse, 

the Watermaster or out le t  gate operator i s  required to communicate w i t h  

Broadway Control in order to  make the necessary flow changes thru the 

power plant.  After the Watermaster or  ou t l e t  gate operator i s  s a t i s f i ed  

tha t  the flows thru the power plant a re  proper, the Canal Riders will pro- 

ceed to the division gates. A t  the division gates they will make the 

proper spl i t  between the Turlock and Ceres Main and each will follow t h e i r  

respective canal s and flows t o  f inal  destination. 

The canal r iders  will make a dai ly  check on the general conditions 

a t  the powerhouse and will make a report  to  Broadway Control on any abnor- 

mali t ies  encountered, especially excessive trash buildup on the trash racks. 
. 

P .kc ;. ;, 
Broadway .Control wi 11 dispatch the proper personnel to  correct  . .. 

- .  . .::A 
r .  . .V 

any problems tha t  may ex i s t .  

Broadway Control will follow the directions of the klatermaster or 

ou t l e t  gate operator in making 'any i n i t i a l  dai ly  wicket gate o r  s lu ice  gate 

adjustments for  proper flow passage thru the power plant s t ructure.  

A t  Turlock Lake Powerhouse, i f  the flows are  below 1,611 CFS, 

the three turbine uni ts  should be u t i l ized  fo r  passing flows and the s lu i ce  

gates should be in the closed position. The turbines a re  capable of pass- 

ing around 537 CFS each a t  fu l l  output a t  a head of 29 f ee t .  

. If  the flows are above 1,611 CFS, the s lu ice  gates could pass 

the additional flows. The s lu ice  gate has a capacity of around 2,000 CFS 

a t  forebay elevation 236.00. If  a load reject ion occurs, flows will be 



. - .  
sharply reduced t h r u  the turbines within" 30 seconds a n d  the tailwater 

1 eve1 will s t a r t  to fa1 1 .  The sluice gate should be immediately opened 

to compensate for the rejected flows in order to minimize the sudden change 

in flow downstream from the plant in order t o  provide continuity of i rr iga-  

tion deliveries and a1 so to protect the canal system from possible damages 

caused by sudden drawdown. 

Some types of load rejection will force wicket gates t o  ful l  

closure. Other types of load rejection will force wicket gates t o  a speed 

no load position. I t  i s  extremely important t o  distinguish between these 

two types of load rejections when compensating for flow with sluice gate 

operation, since a difference of u p  to 450 CFS can occur. Upon load 

rejection, the type of shutdown for each unit should be determined before 

sluice gate adjustment i s  ini t iated so t h a t  flow i s  correctly adjusted. 

An error in flow adjustment increasing the flow by a few hundred CFS could 

damage the canal system in a short time. 

The following data shows characteristics of flow thru the turbines 

and sluice gate: 

CS #2922 - Percent gate opening vs. discharge (CFS) 

CS #2912 - Discharge vs. horsepower and horsepower vs. efficiency 

Curve - Sluice g a t e  flow CFS V S ,  <tern npening f t .  

Table 40 - Turlock Powerhouse Flow Table 

Tab1 e 44 
& 45 - Main Canal Flow vs. Elevation 
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SLUICEGATE DISCHARGE CURVE, TURLOCK L A K E  
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TUDOR ENGINEERING COMPANY 
149 NEW MONTQOMERY STREET 
5AN FRANCISCO, CALIFORNIA - 



TURLOCK LAKE POWERHOUSE 
FLOW TABLES 

CFS 
Flow 

U n i t  1, 2 or 3 
KW @ 30 Head 

S lu ice  Gate @. 30 ft. Head 
% Opening 

Table ,40 
- 40 - 



B.  Canal Water Flow 

. A level transmitter i s  ins ta l led  a t  Drop # 2 .  This transmitter 

sends a 4-20 ma signal to  the Turlock Lake Powerhouse where the level i s  

displayed on a meter and transmitted through the SCADA t o  Broadway Control 

room. A level t o  flow conversion chart  i s  placed by the level meter a t  

the powerhouse fo r  flow determination. 

The operators a t  Broadway control Center wi 11 use the Drop #X % 

flow data point t o  determine canal flow. 

C .  Trash Racks 

I t  i s  expected tha t  t rash racks in front  of the turbine units 

and the s lu ice  gate will become plugged from time t o  time and will need 

to  be cleared. The Substation Division i s  responsi bl e fo r  maintenance 

of the powerhouse including clean out of trash tracks,  i f  necessary, in 

order to  maintain f r ee  flow and maximum output of the plant. A n  indica- 

t ion of plugged t rash rack i s  an excessive power swing which should r e su l t  

in alarm condition. 

D.  Machine Speeds 

Normal speed of the turbine-generators i s  200 rpm. In the event 

of load rejection a t  fu l l  gate, runaway speeds as much a-s 505 rpm i s  

possible. The automatic features of the plant a re  designed t o  close the 

wicket gates to  near normal speeds. Each wicket gate operator i s  equipped 

w i t h  a s e l f  contained battery with t r i c k l e  charge and a manual operating 

handle. In the event wicket gate f a i l s  t o  close automatically, manual 

operation of the operator handle i s  necessary in order to  close the gate 

and reduce speeds to  safe levels.  If the manual operation i s  not success- 

f u l ,  concrete stop logs will have to  be inserted. This can be accomplished 



e i the r  w i t h  the e l e c t r i c  hoist  ins ta l led  over the stop log s lo t s  or a 

portable manual hoist  provided and stored in the building. 

A t  runaway speeds, rotor co i l s  and mechanical parts a re  stressed 

t o  design l imits  so operating for.extended periods of time a t  these 

speeds i s  not recommended. 

A t  runaway speeds, the f i r s t  component of the generator tha t  

will  be stressed beyond design l imits  will be the generator lower guide 

bearing. The temperature of t h i s  bearing i s  expected to  exceed design 

l imi ts  a f t e r  operating a t  runaway speeds fo r  one hour and bearing damage 

i s  probable. For t h i s  reason, a spare lower guide bearing i s  par t  of the 

spare par ts  complement. 

E .  Voltage Control 

Each generator i s  equipped with a voltage regulator with motor 

operated voltage adjust  control . As dis tr ibut ion 1 ine voltage f luctuates  

u p  and down, VAR flow in and out of the machines will vary. 

The voltage adjust control on the machines can be used t o  change 

the set-point of voltage regulation to  ~natch l ine  voltage. I f  t h i s  i s  

done, VAR flow will be kept to  a minimum, preferably a t  zero and power 

fac tor  of tha t  plant a t  near unity. 

Care must be exercised in ensuring tha t  VAR flow i s  not going 

o u t  of one machine and into the other.  This i s  a c irculat ing current 

condition and the voltage adjust  control of one or al l mactilnes must be 

adjusted to  correct the problem. 

F. S t a r t  Up 

Before units can be s ta r ted ,  forebay level must be a t  l eas t  a t  

elevation 232.5 and tailwater elevation a t  207.0. Permissive c i r c u i t s  

in the s t a r t ing  equipment will prevent s t a r t  u p  unless these and other 

conditions a re  met. 
- 42 - 



P r i o r  t o  s t a r t i n g  t h e  u n i t s  up a t  t h e  beg inn ing  o f  t h e  season, 

t h e  s l u i c e  ga te  must be used t o  f i  11 t h e  t a i l w a t e r  s e c t i o n  o f  canal  down 

t o  t h e  d i v i s i o n  gates t o  a t  l e a s t  i l eva t ion  207.0. 



TURLOCK I R R I G A T I O N  D I S T R I C T  
R a t i n g  1 9 7 8  

E L E V A T I O N  T O  FLOW CONVERSION TABLE 
TURLOCK M A I N  CANAL BELOW TURLOCK LAKE POWERHOUSE 

DISCHARGE I N  C U B I C  F E E T  PER SECOND 
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I N  F E E T  



GAGE 
H E I G H T  
I N  FEET 

TURLOCK I R R I G A T I O N  D I S T R I C T  
Ra t ing  1978 

ELEVATION T O  FLOW CONVERSION TABLE 
TURLOCK M A I N  CANAL BELOW TURLOCK LAKE POWERHOUSE 

DISCHARGE I N  C U B I C  F E E T  PER SECOND 




