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l. Page 12, Line 34: The number "67" should be "47". The word
"southwest" should be "southeast"!

2. Page 14, Line 24: "Figure 3" should read "Figure 4".

3. Page 14, Line 28: "Figure 4" should read "FiGure 3".

4. Page 15, Line 3: The word "fault" should be "faults".

J 5. Page 15, Line 44: The phrase "bank No. 4k36" should be "bank
" No. A-336".

6. Page 15, Line 52: The Phrase "635 MCM-ACSR" should be "636MgM-ACSR".

_I 7. Page 15, Line 52: The number "635_000" should be "636,000".

i 8. Page 17, Line 38: Insert the number "125" between the words "by"and "volt".

. 9. Page 18, Line 41: The word "destruction" should be "construction".

10. Page 19, Line 3: The word "backs" should be "banks". _

:i ll. Page 19, Line 31: Delete the "v" after "60".

!_ 12. Page 19, Line 34: The phrase "by two 2500 EVA" should read "by one

5175 KVA and one 5000 KVA".

The number "3000" should be "3250". Appropriate13. Page 19, Line 35:

ii changes should be made on Figure ll.
14. Page 22, Line 12: Change the word "manually" to "electrically" and

i_ delete the word "and".

15. Page 23, Lines 29: Each "P and P" should read "P4 and'P5". Correct

-: and 30: Figure E: Points P4 and P5 should appear at
points cf Junction of F reactor stub lines and the
loop.

16. Page 23, I_Ine 38: Delete the word "two".

17. Page 25_ Line 44: The phrase "bypass OCB" should be "bus tie OCB".

18. Page 26, Line 5: The phrase "llne No. i from the mast" should read
"llne No. 2 from the east".

19. Page 31, Line 30: The complex number shown as "K3.O0-J29.00" shou31d
be "53.00-J .00".



20. Page 36, Line 4' Thc number _1235" should be "1066" and the
number "1425" should be "1250".

: 1 l 1 -"
] 21. Page 41, Line 29: The equation shown as "E ----- 1/3 - - -1.' 2.'

should be "E -_l"-l-l-l-1

22. Page 42, Equation (2): The symbol Xd should be X_.

23. Pa&e 43, Line 19: The word "expolore" should be "explore".

24. Page 70, Figure li: The 13.8/2.4 KV transformer banks serving 181-B
and 181-C are now rated: No. 1 - 4500/5175 KVA,
No. 2 - as shown, No, 3 - 4500/5000 KVA, No. 4
45oo/5oooEVA.
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I. INTRODUCTION

Safety has been and must continue to be the inviolable modulus by which the

operation of a nAclear reactor must be Judged. A malfunction in any reactor

may well result in a release of fission products which may dissipate over

a wide geographical area. Such dissipation may place the health, happiness

and even the lives of the people in the region in serious Jeopardy. As a

result_ the property damage and liability cost may reach astronomical values

in the order of magnitude of billions of dollars. Reliability of the

electrical network is an indispensable factor in attainir_" a high order of

safety assurance. Progress in the peaceful use of atomic energy may ta2_e

the form of electrical power generation using the nuclear reactor as a

source of thermal energy.

Production of fis._ionable materials and power must, however, be accomplished

as continuously and as efficiently as possible. The production of electri-

cal power would make the Hanford network an integral part of the power grid

of the Northwest which may require a rigorous compliance with utility

operating reliability. In view of these factors it seems appropriate and

profitable that a critical engineering study be made of the safety and

reliability of the Hanford reactors without regard to cost economics.

The author's charter was to make this individual and independent technical

engineering analysis without regard to Hanford traditional engineering and

administration assignments. The main objective has been to focus attention

on areas which seem to merit further detailed study on conditions which

seem to need adjustment but most of all on those changes which will improve
reactor safety. This report is the result of such a study.

II. SUMMARY

The study included all reactor areas except that the material for the

K areas was e_tracted from a previous report and included for convenient

references.(l) Emphasis has been on the consideration of the electrical

engineering aspects of the problem viewed as an integrated network serving

highly hazardous loads. The trend in the nuclear reactor operation has

been toward ever increasing production and, therefore, toward ever in-

creasing electrical power demand. As electrical equipment appA_aches its

maximum capability, more care and precision must go into the operation and

maintenance of the system. Each component must be scrutinized carefully

to be certain that lt performs its function wlth precision and, if it does

not, to replace it. This report discusses the results of a critical engi-
neering investigation of the safety and reliability of the entire electrical

distribution system from Midway switching station of the Bonneville Power

Administration to the point of use in each reactor.

Every aspect of operation, control, protection, capability and -ellability

of the electrical system was carefull,7 evaluated by considering previous

documents, making field surveys t dla_asslng procedures wlth peraonnel,
studying and updating existing drawings and specifications and by actually

taking field data. Thls evaluation was then critically examined in the

light of rigorous safety criteria for conformity. A comprehensive blbllog-
rmphy v_n prmp_rod to cupport a_h section of this r_por_,, l_cord¢ of @at,,

f
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were found to be not c,_=?lete; dr_'_Ingswere found to be outdated so that

they did not reflect changes. Simplified or_ line diagrams, as accurate
as time would permit, vere prepared and are included in this report with

the hope that they will '; and assist all concerned in a better understand-
ing of the electrical system. Some comments concerning personnel training
and administration have been included without supporting documentation where

such items seem to affect the safety and reliability of the electrical sys-
tem.

III. CO_ION3 AND RECOMMENDATIONS

•he follOwing salient conclusions are supported by detailed discussion in
the body of the report:

1. The 230 EV transmission lines are adequate for presently

predicted needs to 1965.

2. If power is to be e_orted from N Reactor then transmission
llne capability mast be evaluated in terms of the generator
size finally selected.

3. Automatic recloslng after loss of 230 EV power offers definite
possibilities.

4. Present division of load on the three high voltage transmission
lines is inequitable.

5. Division of predicted future loads on the three high voltage
transmission lines will be inequitable with the present network.

6. Operation of the present loop under critical power conditions
is unsatisfactory.

7. Main 230/13.8 KV transformer banks are approaching critical
loading especially upon loss of a bank.

8. An intertie to the 115 EV Benton-Franklin transmission llne

offers an alternate source of emergency power of about 150 M_A
especially valuable in the event of complete outage at Mid_.

9. Operation of the 13.8 EV synchronous motors ccalldbe improved by
gr_ng the neutral.

I0. There have been sufficient stator failures in the 4500 HP

synchronous motor to Justify rigmrous testing.

ii. Automatic recloslng to at least tnloprocess pump motors
(4500 HP) after loss of p_er seems highly necessary.

12. An automatic emergency llghtlng IlySt,,em indepen_en_ of the
BPA supply and the emergency generator is needed. _e present
emergency portable battery I_ units should be c_idered am
last ditch evacuation lights only.

.8.
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The fo_lowtr_ conditions not supported by documentary references seem
to prevail:

1. _here is need for additioDal knowledge of electrical system
fundamentals on the part of tho.-e concerned with its operation.

2. There is need for additional understanding on the part of

operators of electrical equipment outside their Immed/ate domain.

3. Effective and efficient handling of electrical system problems
would be significantly improved by centralized coordination.

It is therefore recommended that:

i. An engineering study be initiated with a view to interconnecting
the present system with the Benton-Franklin line throu6h 230/115
EV transformers.

2. Serious consideration be given to the better utilization of the
existir_ 795 MCM-ACSR transmission llne known as No. 3-

3. Automatic fast rec_osing of transmission lines be favorably
considered.

_. Necessary steps be taken so that electrical power be restored to
one or more main process pump motors with as little delay as
leas ble following loss of power.

5. Serious consideration be given to increasing the 230/13.8 EV
transformer capacity especially at B-C stem, D-DR area, H and
F area.

6. An emergency lighting system be provided in strategic operating
areas.

7. An educational seminar be inaugurated covering i_az_amentals of

electrical power _ystems and their operation.

IV. CRI_RIA FOR I_J_OR __L"

The parameters of nuclear reactor safety have never been defined on a
national basis or for_lated in a set of stand_ such as tMe.AI_Z-ASA

St*_m_Is in c_on use in the electrical engine_ fiel_l._2) Engineer-
ing criteria based on calculated risk and assigned f_ctora of safety cannot
be applied to the nuclear reactor l_ecause of the tremelxlcua loss of life
a_l prupex_y which would ensue upon reactor excursion, runaw_ and melt-
down. In the past, most reactor installations were isolated and restricted_
thereby forcing each to compose its own set of criteria for safety control

and safe shutdown in case of _tiop&) _e mdvent of t _cle_r _
genermtSn£ plants |ucM84s 8hlppi__p_-_ Xm_L$_ Po£at,_'_ Droaden,_, 6)
Yankee,(7_ and FemA, _ ) hovever_ ham focused attention on the problem sincc
such stations will naturally be located near load centers and therefore
near heavily populated areas. Dresden, for e0um_le, is located _7 miles
from Chicn_e and will operate at a reactor thermal level of 626 me_atts.

m_m
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These plants must operate at a very high plant factor if they are to produce

electric power economically and they mu_t do this without endangering the
llfe, health, and property of the public. Property liability from release
of fission products from a meltdown of a Hanford pile such as K reactor has

been estimated to be in the 9rder of magnitude of frum Sl x 109 to $10 x lO9
(1,000 to lO,OOO meg&bucks).Q9) Ordinary factors of safety engineering can-

not be applied here. Probability and calculated risk are not acceptable
measures of reactor liability no matter what may be the end product of
operation. The one chance in a million or "once in 25,000 years" may happen
tomorrow with possible resultant catastro])he. Reactors -,uustoperate at
the same high plant factor as other manufacturing equipment but with the
probability of release of fission products approaching zero as a limit.
This means safety protection in depth and, after all safety systems have

failed, the ability to shut down without danger to llfe and damage to pro-
perty outside the reactor building.(lO) Even under conditions of total
destruction of the reactor, fission products -,,-tbe contained or confined
to the immediate reactor ar#a Vithc_t danger to personnel. In a rather

philosophical paper, CarsonQll)quotes from McCullough, Mills and Teller,(12)
. . . there is encountered the necessity for attempting to define the

notion of reactor safety, and what this notion shall include. Of cours.._

absolute safety is not possible and what is really meant in connection w_n

reactor hazards is the minimization of hazards until one ham an accepted
calculated risk." If both the requirements of continuity of operation and
safety are to be satisfied, then it follaws that the cooling system ,mAstbe
as perfect as possible, u$ilizing the best equilxzent available and the best

engineering practices.Ql3) Performance of such a system under steady state
conditions is dependent upon skill of the operators, maintenance, surveil-
lance, and power supply. Failure of power supply may be caused internally
by lack of ski11, poor maintenance or careless surveillance, or by outside
factors. Power failure may be either sustained or transient. Long term
or sustained pawer failures must be corrected by substitution of an alter-

nate system, the secondary system, and if this fails, by a second alternate,
the tertiary system.

If the power supply of the primary system and the secondary system are both
electrical, the transition can be completely autamatic and with no time

dele_7 if the secondary system is already paralleled and is of adequate
aapaclty. This also holds true if the secondary system in paralleled and
the load is switched down to the capacity of the secondary system by suit-
able relays. This presumes that the reactor is ad.Justed, that such re-
duced electrical load provides sufTicient cooling.

This thesis has been used throughout this report in Judging the reactor
system reliability.

The Hanford Opera_i_a, in the absence of an_ generally accepted sta_,
ham developed its _,°aset of criteria for.r_actor safety. _he e criteria

have been most ably presented by _le,(9) and others.(l_, 15_ Sufficient
cooling of the fuel elements and control rods nmmt be provided under all
conditions of operation of the teen,or. Present Hanford criteria for
reactor cooling system reliability under all conditions except 8cia of
war and sabotage require three independent and dependable sources of
cooling as folluws:

-lo-
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i. Primary Coolin6 System

The primary cooling system shall provide adequate reactor cooling
durin 6 all phases of operation and shutdown.

2. Secondary Cooling S_stem

The secondary coolln 6 system shall be independent of the primary system,

except for common piping and shall be capable of providing adequate
shut-do%ra cooling indefinitely udder conditions of total loss of power

to the primary system. It is permissible for the secondary system to

contribute to the flow provided by the primary system during normal
operation.

3. TertiarySystem

The tertiary system must provide adequate flow indefinitely under

shut-down conditions with complete and concurrent loss of, power to

£he primary and secondary systems. It shall be independent of both

the primary and secondary systems including piping as far as the re-
actor manifolds.

An additional criterion specifies that failure of a single piece of equipment
shall not cause fs_ilure of the entire system. This criterion merits some

discussion because it is practically impossible to appl_ to the operation

of the electrical system without interpretative stipulations.

In general, sustained failure of a piece of electrical equipment has no
effect on the system except loss of function because such failure isolated

the stricken equipment quickly and conxpletely. Here, quick/_ means 3 cycles

on a 60 cycle per second base or (0.05 second), lot _ breakers operate
this fast, especially on the low volta6es, but the time element is of this
order of ,Jagnitude for the major pieces of equipment involved in this dis-

cussion. In addition to this, the protective equipment may substitute an
alternate piece of equipment motivated by the same si6xm_ that shut the
stricken equipment down. In the case of transient faults, relays m_7 per-
form an additional function of restoring the system through fast reclosing
of the protective circuit breakers. Speed of restoration is in the order

Of _llitude of 17 cycles or 0.283 second. For example, a ligEtning strike
on a transmission line is dissipated "n a few microBeconds_ so that reclosure

time is only limited by the dura_ of arc restrlke conditions vhich is
usually not more than i( cycles. _'_j The modified criterion for electrical

equipment indludlng transmission facilities includes consideration of:

a. Speed and dependability of separation of the circuit involved.

b. Speed and dependability of transfer to alternate equipment.

c. Speed and dependabillt4 of restoration of the circuit involved.

Detailed stead_ state and transient stability studies are beyond the scope
of this report, but, the Dundamental principles involved have been_taken
into conaideration._ 17,18)

-li-
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Modern thermal-electric power plants usln 6 nuclear fission as the primary
heat source have all the electrical problems associated with conventional

plants plus many new ones peculiar to the use of the n_clear reactor as

heat source. Conventional plants have an enviable record of continuity of

service built around assurance of fail-proof auxiliaries. This assurance

has been attained by technological improvement in fast and relia-Dle relaylng,

more dependable electrical switchgear and motors, elimination of human error

by automation and by advancement in intelligence a_d instrumentation equip-

ment. Assurance of continuity of operation based on these factors alone is

not adeq,late for the modern plant using hlgh temperatures, super pressure,

and very lathe unit ratin6s because of the rlgorcus requirements of safe

operatlon.[i_,20, 213 These extremely exactiz_ demands for continuous oper-
ation with safety have been met by a horizontsl electrical back-up system

utilizing a n_itIpllclty of independent sources of electrical power. The

philosophy here has been that the power supply to auxiliaries shall not fall

but in the event of completet electrlcal failure and as a last resort to gcto steam driven aulillaries._22,23) This mode of operation is regarded as

a shutdown "no other choice" or as a short term proposition endurin6 only

until electrical supply can be restored, The accent has been put on high
speed restorntlon of electrical pove_,_24, 253 Over the years the records

shuw that the philosophy is sohnd._ 263

Continuity of operation of the nuclear puwer plant for supply of electrical

power to a utility network has sudden],7 focused attention on how to beat

accomplish the rigid continuity requirements of the conventlonal thermal

plant and to satisfy the much more rigorous safety retirements of the nu-

clear plant as well.

In the nuclear portion of the plant "factor _f. safe_y" engineering is not
enou6h even if the probability is I: 25 x 10_._eq,2_, 293 In the case of

electrical power generatlng plants uslng nuclear reactors, the problem of

safety is even more acute than the Hanford reactors because of the pro_Imlty

of these new plants to major popul_tion centers. Dresden,_30,31,32,333 a

180,000 KVA plant is located 67 miles southwest of Chlca_, Indian Point,
a 275,0(k' kVA plant, is located 24 miles north of New York City._3_) Dres-

den station, for example, has four sources of electric power to its auxilla-

riesj its own main generator buses, a transformer tied into the 13.8 KV

Company and a Diesel driven emerEency gener_tor. Indian Point also
has four distinct power sources, its own main generator buses, transormers

connecting to the 13.8 KV system of the Consolidated Edison Company, a
similar connection to another line of the same comps, a__ atl_ansormer
connection to the lines of Orange and Rockland Utilitles._335,3b,373 If an

emergency generator (house generator) is included in the design, a fifth
source will be available.

With the advent of production of electrical power f_ _PR, the Hanford

electrical system _l_l bb,co_e a part of the Bonneville Puwer _m_-tstration
high voltage grld._/2;, The _A system is an inte6Tal part of the North-

west Power Pool. Even thcn_6h the original generatln_ unit will be _mall,

op_r_tion mu.t be intaIratod into the network and the HAPO electrical oystcm
should be examined in the l_6ht 'of modern electrical system practices.
Progress in the peacefUl use of nuclear energy m_7 result in all reactors
at Hanford bel,_ examined for the possibility of utilizi_ heat energy not
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now utilized for production of electrical energy at least on a dual basis.
At the present thermal level and a reasonable thermal-to-electrical con-

version ratio this would represent a significant contribution of badly
needed non-hydroelectrlc energy to the northwest electrical system. Whether

electrical power production will proceed beyond the present plans for NPR
is problematic; nevertheless, it is a possibility and the electrical system
should r_t be a deterrent factor.

The philosophy evolved in the preceding discussion as applied to the Hanford
reactors would require that the high voltage network be restored as fast as

possible after loss of 230 KV power. The ideal would be to restore the en-
tire electrical network after such a failure fast enough so that there would
be no perceptible pause in electrical supply and no tripout of electrical
equipment.

V. HEACTOR COOLING

Nuclear reactor safety discussed in the preceding section depends upon a

contlnueus and adequate supply of sultabler_oo_a_t during starting, during

oePeratlon, during and following shut-dewn._40,41) A classic delineation of
the situation was made by _y_m_ :

"A disaster at Hanford would, by definition, involve the large scale
release of radloactive fission products to the surrounding country-
side. Such a release can occur only if the fUel elements (slugs)

• melt, and perhaps oxidize, in the reactor @ . @

"lt is believed that no disastrous release of airborne fission

products is possible as long as adequate cooling water can be
supplied to a Hanford reactor. Conversely, loss of cooling water
(unless the reactor has been shut down for a very long time prior
to the water loss) will almost surely result in destruction of
the reactor and probably in the large scale release of fission

products. This destruction will occur even though the reactor
is made sub-crltical by insertion of the safety rods immediately
upon loss of water."

Recent modifications to B, D, DR, H, F and C reactors has made the situa-
tion even more imperative, in.viey._o the increased production suedconse-

quent increased heat release.(43,_) The incentive for the modification has
been the demand for increased ot_tputof product. (45,_6,_7) The significance

of the changes as reflected i_ increased water low is graphically illustrated
by the following tabulation:Q42)

-13-
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._____ BEFORE PROJECTS .... AFTER PROJ_TS
Flow Power Flow ..... Power

Rate Lev_l Rate Level

Reactor GPM MM GPM MM
, ,,,,,, L

C 83,000 1,7OO 88,000 2,000 max.

D 53,000 I,OOO 74,000 1,8OO max.
DR 50,000 1,0OO 74,000 1,8OO max.

F _7, OO0 I,O00 7_, O00 1,8OO max.

H 57,000 1,2OO 7h, 0OO 1,900 max.

Details of the motor driven pump units to provide the flow listed above are

shown in tabulated form in Section VI _long with the driving motors. Basi-
cally B, D, DR, F and H reactors are s/most the same as far as the main

process motors are concerned. C reactor hs_ a unique arrsm_ement. Both

t[ypes of main pump units will be .also illustrat,_d in Section VI. Simplified

process water flow dis_rsam were dr_w_ sad are shown in Appendix B as Fish,re 1

for C reactor and Figure 2 as typical of B, D, DR, H sad F reactors.

The shut-down flow is extremely impoz_a_t as imlicated px_vi_Asl_ because

scrams gene_ result from some malfu_ctiom. The water flow requirements

_re sized by the shf%t-clews trs_sient. A gene:mLlized cux_e is shown in Ap-

pemiix B, Figure 3 ,ma graphically illustrates the extreme impo_ce of
the time element in deali_ with coolant supply. The coordinates used are

Reactivity in inhours as ordinates, sad Time after shutdown as abscissae.

The flows deamaded by the reactor correspcndlng to the shut-_own transient

and presuming loss of electrical power are shown in Appendix B as Figure h.

VI. DESCRIPTION OF THE HAPO ELECTRICAL DIS_ON SYSTD4

The power supply for the Kanfor_ Atomic Plant is ba_s_lly a part of the
network of the interconnected Northwest Power Pool._ _; At the present

time this consists of all the transmission a_Id generating facilities of
the geographic region from the Continental Divide west to the Pacific Ocean

and from Csaa_ta (including British Columbia Electric) Jouth_ to Califorr.ia.

The generation is predomlnately h_droelectric sad badly in need of thermal

generation plant back-up _ec_use of the adverse seasonal flow o_ the princi-

rivers in the region._A_/ The backbone of the transmission gri_. is the
3_5 and 230-Kilovolt system of the Bonneville Power _n_stratlon._9,5 O)

This _rid interconnects the various _ydroelectric_ =_nts operated by the
Bureau of Reclamation and the Corps of En_ueers_ _-_ which includes most
of the large power _enerating plan_s _f the pool. At present and including
_enerator number 13 at _he Dalles_(52) the peakin_ capability in me_avatts
(1000 kilowatts) is over 7000. Numerous samicipal_ private, and utility
district systems are served by the federal systems and thus are interconnec-

ted by the BPA network. By virtue of this fact and the size of network, the

BPA orEanization controls the power system of the northwest.

Power from the federal plants is fsd into the network thr_aAg_ suitable
switch yards at the _enenat_ng plants over transmission _lnes to suitably
located switching or substations.( 53} Fault protection is attained by a
System Of very fast breaker operation controlled by high speed rels_ys. The
intelligence and relay system utilized microwave, carrier_ shortwave radio
and land telephone lines.
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Electrically the power network is a grounded star system wherein zero
sequence current can be utilized for sensitive fault relaying. This is

especially important since apprpx_ately 80% of all power system fault are
llne to ground (zero sequence).Q54) In general faults are cleared on the
system by oil circuit breaker with a 3-cycle opening time (on a 60 cycle

per second base). These breakers are generally also "single shot recloslng,"
which simply means they su_ automatically controlled by relays which cause
the breakers to reclose immediately after opening. The recloslng time is
approximately 17 to 20 cycles, thus making the restoration time following
a fault about 20 to 23 cycles or 0.333 to 0.383 seconds. This time interval
is usually sufficient to clear most transient faults wlth a scarcely obser-
vable flicker and well within the stability limits of the system. The In-
herent pover capability of the network is behind time faults and is limited

by llne and generator impedances but may be very large so that these breakers
in some instances must have'an interrupting capability of 20,000 megavolt-
ampere (20,000,000 EVA). These are extremely important considerations in
dealing with the Hanford network and will be treated in more detail later.
The system is so large and the protection so complete that a complete loss
of BPA power may be considered an impossibility. The network in comparison
to the HAPO system may be considered to be an infinite bus.

Hanford _s 9onnected into the power pool throu6h the BPA at Midway switching

statlon.(55) A simplified one line diagram of Midwa_ was prepared for use
in this report and is shown here as Figure 5. Standard (AIEE-ASA) graphic

symbolsth_e been used on this and all other electrical diagrams in this
report._

Midwa7 is typical of the hi@h voltage major switching stations discussed
above. 230 kilovolt lines from Grand Coulee feed directly into the station;
another 230 KV line connects directly to Columbia switching station thus

connecting Midway to Rock Island and Chief Joseph. Priest RapSds, according
to present plans, will also be tied into Midway. Lines to the south connect

to Big Eddy switching station and therefore The Dalles and McNary lines.
All lines are protected by 3 cycle sln@le shot reclosing oil circuit breakers
of 7500 to 15OOO MVA interrupting capacity. Midway m_7 be classified as

having a double bus system with sectionallzing breakers. Any faulted line
or section ma_ be quickly c_eared even those faults within the station, thus

leaving other lines energize_land operating. Three of the outgoing 230 EV
leaving Midway go to the Hanford Atomic _cts ,'_peration'andare connected

to three different bus sections. These three lines are protected by re-
actance Idista_ce, ground directio_L1 overcurrent, impedance and.timiDg ts-pe
relays controlling fast opening (3 cycle) oil circuit breakers.( 57,_) The

lines are designated No. i, 2, and 3 as shown on Figure 5. Line No. 1 is
connected to bus section No. 3 through oil circuit breaker bank No. 4336

having an interrupting capacity of 15,OO0 MVA. Line No. 2 is connected to
bus section No. 1 through oil circuit breaker bank No. AII_ rated at 15,0OO
MVA. Line No. 3 is connected to bus section No. 2 through oil circuit

breaker bank A56 rated at 15,0OO MVA. These breakers are not equipped wlch
recloser relays.

Lines No. 1 and No. 2 are typical wood pole IIframe lines vlth 635 MCM-ACSR
(635,000 circular ell-aluminum cable steel reinforced) and No. 3 is a
standard BPA steel rover llne vith 795 MO4-AESR conductors. All are 3 phas_
designed for 60 oycles per second alternating current 230 KV (230,OOO volts)

..
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or higher. The steel tower line could be used for higher voltage. The
layout of theme lines is shown on Figure 6, a simplified geographic one
llne diagram. Each of tbe wood pole lines is protected by a more than
adequate overhead grounding wire and a buried counterpoise to which lt is
grounded. Lightning faults should be harmless rindpole fires from lea_age

to ground practically eliminated. The pole lines were not originally treated
wlth preservative so that the poles are in process of being stubbed. This
will increase the fire hazard which is always present with wood pole lines.

A bad prairie fire could incapacitate either or both of these lines. Line
No.3 is an excellent steel tower llne but has no overhead grounding wire
but towers are well grounded. History of faul_s o_$hese lines indicates

that practically all have been llne to ground.(29,GO) Lines No. 1 and 2
are connected to reactors H and K by steel tawer lateral lines and to re-

actors B, C_ D, DR and F by wood pole lines. Line No. 3 extends entirely
across the area and terminates at point P where it is intercor_ected to

the lines No. i, 2 loop through a switch which is normal]j open as shown.

The length of line from the K reactor tap point P2 to point P1 is thus not
utilized in normal operation. Points designated are shown on Figure 6.
Salient features of the HAPO high voltage distribution network are shown on

Figure 7, a simplified one line schematic dlagr_ the system. Graphic
symbols used are standard as shown in ASA Y32.2._ _o; Oil circuit breaker

ratings are shown in MVA and have been check_ against field data corrected

to September 15, 1960. Various documents re_ting to the,_u_Ject in part
or wholly.were abstracted from the early work of BerEdahl_ ._;_tg._hat of
Maxwell,_62) and including two capacity studies by HofO_n._b3,6_)In-

formation of _e NPR-reactors was obtained frum recent documents byMollerus.(65, ,67) Some supervisory control over t_e.system is main-
ta/ned by the dispatcher at station AB (Building 251) Figure 8. Basically
230 KV is brought into switchyards at each reactor where, the voltage ks
stepped down to 13.8 EV by suitable transformers. Each reactor has a
separate control room as shown on Figures 9 and 10 for these functions and
metering which are supervised by operators under the supervision of the
dispatcher mentioned above. The oil circuit breakers at each end of the
three main lines at Midway and the reactors will open u_der 3 _hase line
to line faults (positive sequence), single phase line to line _negative
sequence) and line to ground faults (zero sequence) and clear the lines
but none will reclose automaticall_.

KE and K_ Reactors

The K reactors at, .otpart of this study, but the following material from
HM-61887is quoted verbatim for convenience. References and figttre numbers
refer to that donmnent.

"At each K reactor the power from two parallel 230/13.8 KV, 50 MVA
(50,000 KVA) t_ansformers is fed into _he low volta6e distribution
network. Control of the metering and"swlt_hing of this system _5

under the direction of separate operating groups and is not super-
vised by the load dispatcher. The switch gear and metering equip-
ment are in a separate room as shown on Figure IX. Electrical
d@tn[ls of _ho low volt_o network aro ahovn on Figure X; & slm=
pllfled one line A_e_r_n of the system vhich conforms to
standards.
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"BriefLy 3 phase power at 13.8 KV is fed into two 13._
busses intertied through two sectionalizin6 breakers._7 d I0)

_he tie breaker is also extended to the other K reactor throuEh
a suitable breaker (9) and cable. The breaker at one + reactor

is kept normally open and at the other normalLy closed. Each
regular bus section serves 2-13.8/4.16 EV, 5 _A (5,0OO KVA)
transformers all in parallel and 3 - iO,000 HP wound rotor
induction motors driving 30,000 g.p.m, centrifugal pumps (high
lift or secondary). The transformers are protected by air c_r-
cult breakers (ACB) No. l, 6, 12, and 17, the pump motors by

ACB's No. 2, 3, 4, lt, 15, and 16.

"The secondaries of the four transformers (IT1, IT2, IT3,
and IT4) are connected to busses A, B-E, C-F, and D respectiveLy,
by ACB's 4, 17-1TA, 26-26A and 38. The 4.16 EV network is a
modified double bus system sectionalized. Essentially the bus
sections E and F form the main bus and is sectlonalized by two
breakers 2lA and 22A and bus sections B and C form two sections

of an auxiliary bus sectionallzed by breakers 21 and __2. Bus B
is extended to form the single bus A from which it can be section-
allzed by ACB No. 5, in like manner Bus C iu extended to form the
single bus, D, from which it can be sectionalized by ACB No. 36.
Six river pumps driven by 1500 HP squirrel cage induction motors,
six primary (low lift) pumps driven by 900 HP squirrel cage in-

duction motors, four service water pumps driven by 300 EP squirrel
cage induction motors, two hot water circulating pumps driven by
250 HP squirrel cage induction motors, two back-wash pumps driven
by 300 HP squirrel induction motors, six 1000 EVA - 4160/4_0 volt

transformers, three 500 EVA - 4160/I_B0volt transformers and a
fence lighting circuit are all served from the 4.16 EV system.
The primary power supply is BPA throush the four 5000 KVA trans-
formers, the secondary Ix_wer supply is from three 5000 EVA steam
turbine driven alternators connected as shown. Normally two of
these generators operate at once in pars_el with the BPA system at
partial load. The third generator is kept in cold reserve. De-
tails of the pump and the cooling.waSer s_rstem are presented by
Shoemaker in a separate document.(51) Circuit breaker operation
is controlled by volt direct current furnished by storage batteries
which are kept charged by motor-generator sets driven by alter-
mating current motors supplied from the 480 volt system. There is
no auxiliary charging source for backup. Breakers may be operated
mazmalAy by operators or autc_ticall_ by suitable rels_. The
customary potential instrument transformers and current instrument
transformers are provided for rela_, signal circuits and metering.
Details relating to relays and mete_-_ circuits are purposeLy
cnitted from Figure X for the sake of clarity. Details _=re-
laying saxl^_etering are shown on Drawings No. H-1_58 A_ and
H-l-25860."u

"Briefly the 230 EV incanin_ circuits are _rotected by OCB's,
Iio.A-376, A-374 and A-37.2(Ref. Figure IFI)_or mi and by OCB's
No. A-396, A-391_, and A-392 for KE. These breakers are controlled

by bus differentialp transformer differential, overcurrent, over-
current ground, overcurrent ground backup, overvoltage and unaer-
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voltage relays. In addition, bus No. I and 2 have a _ynchronismcheck relay if OCB No. 374 is open (A-394 for KE).(52_ Table I

is a tabulation showing the clr_i_ location, G.E. type, reference
number and ASA.f_nction.numBer,-_>J; of the relays protecting the

230 EV system.(54 to 60) NOTE: Refers to sequence number in
Appendix A III KEFEHENCE DRANIRGS. The 13.8 EV systam consisting
of the transformer secondaries, the secondary breakers No. 5 and
No. 13 and the 13.8 KV busses are similarly protegted with trans-

former overcurrent, ground overcurrent, transformer differential
and bus differential relays on both the 13.8 KV bus and the 230 KV
lines and overcurrent and residual ground relays on the 13.8 KV

breaker. The lO,OOO HP high lift pumps motors on the 13.8 EV
bus are protected by thermal overcurrent relays. Details _.fthe
13.8 EV relaying are shown in Table II. The secondary (hish lift)

pump mo%or breakers are.inteTl_eked with the pr'Inary pump (low
lift) breakers so that the secondary pump cannot start until the

primary pump is operating. KE is a duplicate of th/s arrangement.

"The low voltage system (KW) consisting of fca/r13.8/4.160EV
transformers, the 4.16 EV busses the various loads on the 4.16 EV
busses and the transformers serving lower voltage is protected by

suitable relays on the 4.16 EV and busses and trip breakers on the
lower voltages. In general, motor loads are protected by thermal
overcurrent rel_Ts, the busses and transformers by bus differential,

transformer differential, transformer overcurrent, and ground
overcurrent relays.

"The generators are protected by overcurrent, ground overcurrent,
differential field and directional overcurrent relays. The generators

have the usual regulating equipment, voltage regulators, speed ad-
Justment, synchronizing plug lockout overspeed turbine trlp and field
trip our on internal fault. KE e_""-ment is essentially the same as

"thAt in EN. Table III shows the lucation and types of relays:on the
low voltage system." ""

B and C Reactors

B and C reactors receive electric power at 230 KV through 151 B substation
connected to Midwa_ No. I to the westward and a tie to EN substation to the

eastward as shown on the simplified one line diagram. Appendix'B__Figure 7.
Essential details of the destruction is shown on a simplified one-llne

_lagram Appendix B_)Figure ii. The major equipment served is shush in

tabulated form in Appendix C, Table A. Th?_n_lSne _mgrem was drawn from
existing drawings updated fr_n field 4ata.&w,_,/v,/A/ The objective
here was to provide an easily read one-line diagram using standard symbols
for clarity in discussion. Sim_licity m_7 have been attained by the loss
of detail, and it is recognized that there m_y exist some u=_Sslons of
changes or additions made but not documented; but in the main, this and
other similar drawings provide a graphic picture of the reactor circuitry.

Drlotl_ rho two 230 KV lines arm brm_h_ into the l_l B (AR) substation
and on to two higa potential busses A and B. Bus A is protected by oil
ci"--_i%breakers ((AB's) Ns. A322 on the Midws_ side and by "OCB's, _326 on
the K reactor side. Two main transformer banks No. I and No. 2 (Figure 12)
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ea_ served from this bus. Bus B is protected by OCB No. A323 on the

Midway side and by OCB Nc_ A525 on the K reactor side. A third transformer

bank is connected to this bus. All three backs are 3 phase, 60v cycle,
230/13.8 KV transformers rated at 31,250 KVA (31.25 MVA) and connected

grounded star on the high voltage side (230 KV) and delta on the low voltage

(13.8 KV) side. These transformers suppl_ power to the 13.8 KV bus through

suitable circuit breakers. The 13.8 KV bus system is arranged in four bus

ections, a rear bus made up of sections No. i and. No. 2 Intertied by breaker
..o. C_o-XSO and a front bus made up of sections No. 3 and No. 4 inter+led

by breaker No. Ci-X 70. Transformer bank No. 1 is connected to bus No. 1

by breaker No. Ci-X i00 and to bus No. 2 by a companlen breaker also num-
bered Ci-XlO0. In similar manner transformer bank No. 2 is connected to

busses No. 1 and No. 2 by a similar pair of breakers numbered Ci-X 200,

Traasfo'rmer bank No. 3 is connected to busses No. 3 and No. 4 by a pair of

breakers m/inhered Ci-X 300. For simplicity the word breaker and the symbol
used indicates in each case a 3 phase breaker bank. These traasformars are

normally operated in parallel on the hi@h ,foltage side but separated on the
low side. As shown, transformer No. 1 _s operated with the hre" _er to bus

No. 1 closed and the breaker to No. 2 bus open. Transformer bank No. 2 is
operated as shown with the C"2-_ 200 breaker to bus Ro. 2 closed and the

breaker to bus No. i open. Thus the secondaries are not paralleled but
serve only the load connected to the respective busses. The third trans-

former banl. is operated with both Ci-X 300 breakers closed and is thus con-

nected to both bus section_ No. 3 and No. 4 and serves the load connected

to both _hp.se busses. Attentlon is invited to the fact that the three _rans-

formers could be all operated in parallel on both the high and low voltage
sides by operating with all Ci-X I00, Ci-X 200, and Ci-X 300 and the tie
breakers Ci-X 70 and Ci-X 80, closed.

The eight maim cooling water pump motors for B r_actor are 13.2 KV, 3 phase,

60v cycle, 4500 HP synchronous connected thruugh breakers to the 13.8 KV
busses.

The river pumps 181 B, are served by two 2500 KVA, 13.8/2.4 KV transformer

banks, the pump motors in Building 182 B, by two 3000 KVA 13.8/2.4 KV trans-

former ba_uks, the pump motors in 183 B are served by two 3000 KVA 13.8/2.4
KV transformer banks. All these motors are squlrrel cage indllction type.

Since the 4500 HP synchro 1ous motors driving the main process water pumps
at B reactor ar_ of primary concern and because they are typical of almost
identical motors in D, DR_ F and H r_actors they are ill_ustrated in a re-

cent photograph shown in Appendix B, Figure 13. The control room for these

motors is also typical of the other reactors and is illustrated in Appendix
B, Figure 14.

C reactor is supplied with electrical power frum the 13.8 KV bus structure
desc:.lbed for B reactor.

The major gruups of motors are shown in tabulated form in Ap_endlx C, Table A.

Tna mA_n oool_r_ vntor pump. Ln th_s _a_tor are d_'iven by ten 3500 1_,
3 phase, 60 cycle, 4.16 KV induction motors. Each motor is served by a

separate 3 phase, 13.8 KV buss:s thr_ a_-Y connected 13.8 KV/4.16 KV,

transformer bank. A typical motor-pump set and its contrDl panel mt the
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control room in 190 C Buildlng are shown in Appendix B, Figure 15 and

Figure 16. The pump sets are unique to this reactor and consist of a lO,OOC
g.p.m, centrifugal pump, a speed reduction gear, a flywheel, the drive motor

and a 4OO HP steam turbine all connected together on one horizontal shaft
as clearly shown in Figure 15. The turbines are kept hot at all times and
are automatica3_ly supplied with steam upon failure of the electrical power

supply. There is space provision in the control and pump rooms for two ad-
ditional _ sets_ transformers, and controls when needed for increased
production levels.

Certain vital loads in each reactor group are supplied with emergency power
e_tomatica3_ly upon 230 EV power failure by two steam turbine driven alter-
mating currert 7_0 EN, 2.h EV generators located in the 18/+Building.

D and DR Reactors

As in the case of B and C reactors, both D and DR reactors are supplied with
electrical power throu_ one high voltage switch yard, Station A4, and a
sivgle 13.8 _V control a_ switch room, 151 D Building. A simplified one-
line diagrsmQ72,73,74,75) was prepared by updating existing one-line dia-
grams with field data, eliminating aL1 coni'uJsingd_tail and arranging all
essential switches and groups of motors in logical position on one sheet.
This one-line diagram is shown in Appendix B, Figure 17. Details of the
230 EV r/s'_m in relation to the other reactors ia shown in Appendix B,
Figure 6 and Figure 7 simplified one-line dia6rams of the 230 KV system.

Electrical power at 230 EV is brought into the station (A_) by a 230 KV,
636 _-ACHR, H Frame, wooden pole transmission line from KE to the west_rd

by a similar line to H rmactor to the eastward. _e _ line is brou_t
into the station through O(IBNo. A3_ and the H reactor line thr_ OCB
No. A3_ as is shown. The entire 230 EV network ma_ be by_essed .through a
cross tie line with one air disconnect bank, not OC_'s I normally kept open.

_ere arm four 1.3.8EV bus sections served by 3 banks of 230/13.8 KV 31.25 MVA
_ed star-delta connecte_ transormer Banks. Each secondary (13.8 KV)
llne is grcmmdecl through a zig-zag star connected _ tramsformer and
resistor. Transformer bank No. 1 can serve either bus section No. 1 oz No. 2

or both thr_ a pair of breaker banks XlOO _ transformer bank i_o.2 can

serve either bus section No. 1 or NO. 2 or both through a pair of breaker
banks No. _w_O. Transformer bank No. 3 ca_ serve bus section_'No. 3 and
No. _ through a pair of breaker banks No. I30_ _

BUs sections No. 3 and No. 1 can be connected thr_ breakers No. X_O and
bus sections No. 4 and No. 2 can be inter%led by breakers No. 179. If a

fc_u_th transformer bank is r_rm_ to increase the size of the process pump
motor or _ more process motors, the lines would prg_ahly connect into bus
sections NO. 3 and No. _ by a new set of breakers. _'/o;

The main coolin_ water _ in both D and DR reactors consist of ei6ht
_5OO HP synchronous motor_Irlven cemtrii_l pumps, m_ a total of 16
units. I_llvidual line_ at 13.8 KT connect ee_h of these units to the 151
m,bstatl_ busses.



Each pumping unit is essentially the same as those in B reactor shown, in

Appendix B, Figure 13, and conslstst_the following ccEponents, all con-nected as a single horizontal unit:_ i

(190 D and DR Annex)

I. A 31 KM, 125 volt, D.C.
generato_ (exciter).

2. A 45OO HP, 13.8 RV, 720 RPM
synchronous motor.

3. A fly wheel who:e WEq
568-657No._t.2

4. A flexible coupling

5- A 720/1800 EPM gear unit.

6. A two stage centrifugal pump
mt_-d at i0_00 GPM.

These and other mJor groups of motors were tabulated and are shown in

Appendix C, Table B. Briefly_ the connected motor load consists of 72,000 HP
of synchronous motors and 23,500 HP of induction motors. _ere are fourteen

900 HP and one 450 EP i_Action motors in the river pumping plant (18)_Building)
operating frc_ 2.3 KV busses in the same building served by 4 banes of 13.8/2.3
KV delta-delta connected transformers ra_ at _7 EVA.

_e motors in _ _e 182 Building are connected _o two 2.3 KV busses served by
2 banks of 13.6/2.3 KV trau_ormers connect_ delta-_elta and rated at 3,000
KVA each. As shown on Fi6_ 17, the tvo busses ma_ be operated intertled
or as separate busses, each connected to one transformer. Re motors in

183 Building are similarlly connected to tvo busses served by two 13.8/2.3 KV
transformer banks connected delta-_elta and rated at 3,000 KVA each. lt

should be noted that four of the pump units in the 182 Buildlng, two I000 HP
units and two 450 HP units are export water pumps.

_e tvo reactors have a common steam plant (18_ Bu/idLi_) with fi_e steam
boilers rated at 225 PSIG and I00,000 p_ of stem per huu_ and one

emergency fast start (12 seconds) steam turbine driven AC generator. _3zis
generator serves certain selected vital Io_ upon _ of the 230 KV
electrical power supply up to its rati_ of 750 KM.

H Reac$or

_e next reactor in the network is H reactor located bet_en D-DR areas

and F area. Electrical power at 230 KV is supplied to the reactor thr_
the high voltage switch yard station A5 and thence to the 151 H Buildin_
containing the 13.8 KV controls, busse_, and switch _M_r. A _impllfled one-
lane dl_r_m _1on4 _he mine l_r_e u t_o_e pre;mr_d tem B_ O, D, DR and K

available field data.
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This schematic circuit diagram is shown in Appendix B, Figure 18.

Referring to this figure and the two hlgh voltage simplified one-llne

diagrams (Op. Cit. Figure 6 and Figure 7), a 230 EV H frame, 636 ACSR
transmission line from D-DR area to the northwest passes in front of H
reactor where two 636 _M-ACSR steel tower lines connect to the reactor

switchyard (A5). The H frame continues on to the south_a_l to F reactor,
throu@h a bypass normally operated open. The line from the D-DR side
enters the switchyard (A5) through 0CB, No. A-352 and the F area line

through OCB, No. A-256. The two lines are normally Intertied through OCB,
No. 354. There is also a b_q_ass llne in the yard normally operated open.
All breakers are manually controlled and by suitable relays to be discussed
later.

In the 151 H Building the 13.8 KV bus is divided into four sections, front
bus sections No. 2 and No. 4 and near bus sections No. 1 and No. 3. Busses
No. 2 and No. _ may be Intertled through breakers C5 x 80, und busses No. l
and No. 3 may be Intertled by breakers C5 x 70. Power is f_rnished the_e

busses by two 230/13.8 KV, star-delta connected transformer banks rated at
31,250 KVA each and designated bank No. 1 and bank No. 2. Bank No. 1 may
be connected to bus No. 1 on the front bus No. 2 by breakers C5 x 100 R and
C x 5 100 F respectively. Bank No. 2 may be connected to either rear bus
No. 1 or front bus No. 2 bj breakers No. C5 x 200 R and C5 x 200 F.
Operating all four breakers banks closed will parallel both secondaries

and both busses No. 1 and No. 2 und both busses No. 3 and No. 4 through
breakers C5 x 80 and C5 x 70. Either transformer may be connected to either
the bus combination No. 1-3 rear or the combination No.._-4 front.

The main cooling water pump group in lt reactor consists of e_t 45OO H
synchronous motor driven centrifugal pumps. These motors are served by
individual lines connected directly to the 13.8 KV busses throu6h suitable
circuit breakers. Each pump unit is essentially the same as those in B, D,
and DR reactors and illustrated in the typical set shown in Appendix B,
Figure 13. Each set co_i6ts of the following components connected as a
single horizontal unit:QG1)

1. A 31 KW, 125 volt, DC generator (exciter).

2. A 4500 EP 13.8 EV 720 _ synchronous motor.
o

3. A fly wheel whose NX2 is 568,657 No. f_2.

4. A flexible coupling.

5. A 720/1800 _ gear unit.

6. A two stage centrifugal pump rated at 10,400 GPM.

These and other groups of large motors are listed in Appendix C, Table C
along with their nameplate ratin6s. Briefly, the connected motor load con-
011ts of 36_OOO _ of aynohronous and 1_j78_ _ of lm,rllo tnduotion motorB.
The 181 H Buil_Ir_ containing the nine 600 HP river pumps is supplied by two
banks of transformers rated 13.8/2.4 EV 5000 EVA and connected delta-delta.

The transformers secondaries may be sectionalized with approximately equal
loaaings by _he bus sectionalizing breaker X_7 normally operated open.
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The motors in the 182 H Building are arranged on two approximately equal
bus sections which can be sectlonalized by breakers No. C5 x 55, normally

operated open. The secondaries of the t_o 13.8/2.4 KV, 5000 KVA, delta-

delta, transformers banks are then also isolated with approximately equal
loads. It is noted that there is a 1000 HP export pump on each of these
bus sections.

The bus arrangement in the 183 H Building la very similar to that in 182 H.
The busses can be sectionalized by breakers X63 (normally operated open)

thus isolating the loads on the two transformer banks. Each bank is rated
at 13.8/2.4 KV, 5000 KVA, connected delta-delta.

The reactor has a steam plants located in the 184 Building for supply of
steam to the steam turbine driven process water pumps and to the emergency
g_nerator also located in this building.

Steam is supplied by f_ar coal fired, water tube boilers rated at 225 psi,
i00,000 pounds per hour with a twenty-four load capacity of 115,000 pounds
per hour. The emergency generator is a 750 _ 3 phase, 60 cycle, 2.3 EV
driveu by a 3600 RPN non-conden_lingsteam turbine capable of a 12 second
start. The function of this generator is to take over automatically,
certain vital electrical loads upon failure of the normal power supply,

from the 230 KV network.

F Reactor

F area reactor is located generally sc_thwesterl_ of H reactor. The A6 hig_

voltage substation is connected into the _igh loop by two sub-transmlssion
lines, both H frame construction 636 MQ4-ACSR at points P and P. A bypass
link between P and P is normally operated open, in contrast to H reactor
there is no station b_s in substation A6. A simplified one line of the
A6 svitchya_, 13.8 EV circuit and the 2._ EV network v_op_ by up-
dating existing drawings _rlthall available field data._v_,vol _I

The completed one-llne diagram is shown in Appendix B, Figure 19. Reference
to this one-line diagram shows that the transmission line f_ H reactor
enters the network through OCB No. 362 and the llne to station AB (251

Building) is connected thr_ OCB No. 366, the tvo tie breaker OCB No. A364.
OCB No. 362 ras involved iu a recent incident at F reactor presented in
_g-66R6_ in which the circuitry of this breaker was discussed in°some de-
tail.(85) This discussion applies in general to the line OCB's in ali the
reactors. Busses in the 151 F Building are supplied by two _Luks of 230/13.8
EV transformers rated at 31250 EVA a_ connected star-delta. These banks

are normally operatL' with their primaries (230 EV) in parallel, that is
with OCB No. A364 -',m_lly closed. The 13.8 EV bus system consists of two
identical busses designated the front bus _ the rear bus.

These busses cannot be sectionalized. Transformer bank No. 1 can be tied

to either (or both) front or rear busses by a pair of OCB's CX i00 F and
C6X I00 R respectively. Transformer bank No. 2 is similarly connected
thr_ 0CB's C_X 200 F and C_X 200 R. The secondaries (i].8 _V) of the
trmn_ormer banks can and norm_l_y are operated not in parmllel _ thus,
with segregated loads by use of the four breaker banks.
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The main cooling water pump group, almost exmctly as in H reactor, con-

sists of eight 4500 HP lB.8 KV synchronous motors driving two stage centri-
£ugal pumps rated lO,_DO g.p.m.

The description of each set is the same as for H reactor and ts _0t repeated
here. These pump motors are directly connected to the 13.8 EV busses throu6h
suitable OCB's. Four of these motors are on each bus and cannot be switched

to the other bus. The physical appearance of the units is shown in Appendix

B, Figure lB. All the o*,hermotors operate free 2.4 EV or lower voltage.
The main groups of motors and their basic ratings were tabulated and are
shown in Appendix C, Table D, along vlth the ratings of the 4500 HP motors.(86)
All motors except the 4500 HP are induction type with the same general ar-

rangement as in H reactor.

The river pump house (lbl F Building) containing ten 450 HP ind_ctlon motors
is served by two 13.8/2.4 EV transformers banks rated at 3000 EVA each and
connected delta-delta. The primaries (13.SKY) may be paralleled, even

though connected to different busses by am air break type disconnect switch.
The secondaries (2.4 EV) feed a bus which can be sectionalized, and normally

is so operated, by a disconnect switch E6X 40. The motors in 182 F Building
are arranged on two approximately equal bus sections which can be Intertied
by E6X 50 disconnect switches normally operated open so that the secondaries
(2.4 EV) see segregated load groups approximately equal. In this group are
two export pumps driven by 1000 HP induction motors_ one on each bus section.
The building is furnished pover by two tr_nsformJr banks rated 13.8/2.4 KV,
2500 EVA and connected delta-delta.

A very similar arramgement prevails in the 183 F B_ilding vhere the motors
are arranged on two bus sections which can be connected by the dlsco_'_ect
switch E6X 25_ normally Ol_.'rated open_ so that each transformer secondary
sees a segregated load. _ae transformers are each rated at 13.8/_..4 EV_
3000 EVA and are connected delta-delta.

The steam lx_er plant for this reactor is almost mn exact replica of that
in H reactor and is housed in the 184 F B_lding. Steam at 225 psi is
supplied by four water tube boilers each rated at 100,0OO _ per hour
and a twenty-four ho_r overload capacity of 115,000 pottuds per hour, to
steam turbine driven water pumps and to an emergency ttu_oo-alternator set.
The generator is driven by a non-condensing, _1000 rpm, stem turbine
capable of accelerating to synchronous speed in 12 seconds. "

The generator is rated as 3 phase, 6Oy I 2.3 _V and 750 EN. Its function
is to assume certain vital electrical loads quickly if the primary power

supply is interrupted. The loa_s are about the same as in H reactor, In-
eluding lighting and lines to 151 F Building, 182 F _ilaing, and the
loads in these buildings are:

_.51-F

182-F

183-Y

Z84-F
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Storage batteries furnishing 12Oy DC for operation of switch gear and
emergency lights are located in 181 F, 182 F, 183 F and 1Sl F Buildings.
Building 190-F has two such batterles. All batteries are kept fully charged
at all times by suitable battery chargers. Protection is thus afforded

against the possibility of not being able to do vital switching in the event
of total loss of AC power.

SUMMAEY

A number of salient facts emerge from the preceding discussion:

1. Reactors B, D, DR, F and H each have eight 4500 HP synchronous
motors op:ratlng di.-ectlyoff the 13.8 EV, driving the main

process water pumps.

2. All other motors are induction type.

3. Reactors KE, EN and C have la.-_einduction motors driving the
main process water pumps.

4. Reactors B, C, D, DR, F and H each have a 750 EN steam turbine
driven, _uick start emergency ger.erator for partial power supply
normally operated as standby. EE and EN reactors each have three
5000 EVA generators as secondaz_ power supply.

5- Electrical power supply from the 230 EV lines is supplied to the
large motor busses at 13.8 EV by transformer bank connected star-
delta with their primaries in parallel and their secondaries not

parallel but serving segregated loads.

6. Reactors B_ C, D, DRp F and N utilize 2.4 EV for other large moP,ors

(KE and EN_ 4.16 EK) generally connected delt_-delta with p_es
Isolated.

7. Gruumdlng of the delta networka is s_cumplished by suitable

_malng transformers.

VII. OFEPATION OF _E E%PO ELECTRICAL STSTD4

o

A. The Nd_h Veltage System
"e

The 230 KV s_stem is normally operated with the OCB's at Midway closed
_.Wlth transmission lines No. I, 2 _ 3 energized. Each reactor area

has a,bypass OCB which is nor_!_ closed _ a disconnect switch bypass

which is operated normally open. H reactor area ham two of these disconnect
bypass circuits_ both of which are operate4 no_ open citrex. K
reactor area has the air disconnect switch bypass aruuz_ both K reactors,
which is normally kept open. (See _-61_. ) In the event of a fault on the
transmission lines s the rela_ on the breakers at the ends of the line in
f_ult will open the breakers in three cycles_ on a sixty _cles per second
base_ plus rel_ wh$ch is less than one cycle. _hil lm in accordance with
modern relay and circuit breaker practice.(87a _)
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Between reactors the two nearest breaker banks will open. K reactor
area is in the peculiar position in that the receiver end of the three

transmission lines may be considered as termlnatln6 there: llne No. 3

direct from Midway, line No. 1 from the west through B-C reactor area and
line NQI from the east through station AS, F reactor area_ H reactor area

and D-DR reactor area. _3_s with No. 3 llne out, lines No. 1 and No. 2
simply form a loop through the reactor areas in turn with both ends termi-
mating at Midway. Critical power condition W and with line breakers open
anywhere between KE reactor and the 251 Building (AS), some reactor area
will be exposed to only one source of power, and No. 3 line is of no use
in alleviating this condition. This is a strong argument for an Intertie

at point P1 as recommended in HN-61887. _s would be at the same point
as the 115 KV line from Benton-Franklin as recommended in a later section

of the present report. The line from the K area tap (point PP.)to point P1
now exists and is not utilized. Attention is invited to the fact that if

No. 3 llne were tapped at each reactor similar to K (and including N), then
the system would be a combination loop am/ radial system with No. 3 llne
operatlmg nearer its capability with no portion of the system without two

sources of power. A cross tie to the N area was considered as part of a._oz._
analyzer study made in connection with the then proposed J reactor area._7,90)
_3_isline would tap into the loop near the present load center. The point

P1 inter_ie is not near an existing substation, but this presents no great
problem because the st@.tionneed not be attended._91)

Transmission lines No. I and No. 2 are H frame wood pole lines as already
described but are unusually yell pro_cted against lightning strikes.
Thunderstorms are infrequent so that the danger from li_tning strikes is
minimized. No. 3 line is not well protected because it lacks an overhead
ground wire. Overall, the danger of outage fr_ li@htning and line faults
seems small, but the possibility does exist and e_ery precantlon should be
taken to make the reliability as great as possible. One way in which this
reliability can be improved is by making the 0CB's at the Midws_ end of the
lines automatic "sln61e shot" reclosing. Time is of the essence at a

stricken reactor; and, in general, electric power should be restored as fast
as possible.(28) Normally, the time for restoration of power by reclosing
is from21 to25 cycles(0.350,to 0._17seconds)fromthe timeof fealt.
On sugtaine_ faults, breakers will open _ in three cycles and stay
open._92,93) The question of closing into the load depends upon the condi-
tions at the load busses. This subject will be discussed in de%all in a
later sec_rlonof this report.

B. The Low Voltage System

The low voltase system is defined as that portion of the network o_her than
the 230 KV portion. In general, the large size motors in B-C, D-DR, H and

F reactors are operated on 13.8 KV and the smaller motors at 2.1_ KV. Li_ts,
controls, small motors and sinKle phase motors are operated _t other lower
voltages pruvided by transformers, generally the s_ _ and 220-110. .
volt levels. Distribution circuit protection is standard and,adequate,(94,95)
consisting of relays and circuit breakers on the transformers and motors of
the 13.8 and 2._ lot levels and breakers or therm_ fuses on the l_aer v01t_c
levels.
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The problem of relay and fuse co-ordinatlon has been given careful and
extensive study. It seems to need little more c_mnent except on a few

special items._96-101) It has been recommended that the undervoltage
relays on the pump motor in the main pump house of B,D,DR and H reactors

be removed because they cause unnecessary scrams a_lar _ deemed not ueeded
as a result of maintenance studies and decay tests._ v=j

A series of staged stability fault tests indicate that the 13.8 KV4$ystem
is stable under most extreme and unlikely fault condltions.tlO3,10 ) Syn-

chronous motors in B, D, DR, H and F reactors are normally operated some-
what below their full ability to correct Ix_er factor because of the need
to control voltages within rated limits. Loss of large blocks of induction
motors at K and C reactors when the synchronous motors are running at full

over-excitation level, that is at leading power factor, would result in high
voltages throughout the system. If the addition of Priest Rapids, Rocky
Reach and later Wanapum hydroelectric projects into the network feeding into
Midway means an increase in voltage above 230 KV'_t Midway, then the condl-
tions under which these motors must operate will be dictated even more

critically by voltage levels.

The effect of synchronous motor excitation is shown graphically by the voltag_,.,.
profiles plotted for the HAPO system fTum data derived frum load flow studies.

_he profiles shown in Appendix B, Figure 20 depict the voltage conditions
which would prevail at various reactor areas under the following cond/tions:(i()',)

Curve A: All reactors operatiDg, power factor 0.80 leading,
230 KV at Midway. M_A load =322-_26.

Curve B: Ali reactors operat$_, power factor 0.80 lead/rig,
238 KV at Mi_, _A load - 320.5-J30.0.

Curve C. Ali reactors operating, synchronous motor reactive
reduced 50_, 238 KV at llid_, M_A load - 322-J152.

The profiles shown in Appendlx B, Figure 21, show the voltages vhicht_d
prevail at the various reactor areas under _ following conditions:_

Curve A: All reactors operatimg,_all sync_M_ncus motors operating

at full leading reactive Cal_illty, 230 EV at Mid_
' and M_A load = 415.6-JlI0:8.

Curve B: All reactors operating, synchronous motor at B reactor

wlth fUll leading rescale[e--allother synchronous motor
at "_ultypower factor, MVA load 416.0-J201.9.

If ;t is desired .to maintain 230.KV on the high voltage busses at all re-

actors with Midway voltages in excess of 238 KV an_ still utilize the re-
active capabilities of the synchronous motors, sutotransformers would be
_uire4 at e_h args.

The _500 HP synchronous motors are operated without their'neutrals grounded.
This creates a very complex unbalanced co_lit.ion in case of stator f_lts
t@ °gruund. Zero sequence and negative sequence voltages and currents can
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both appear superimposed upon the positive sequence values. Relaying mnsr

depend upon overcurrent and thus allow heavy dama6e to the winding. A neu-
tral closed through current transformers serving differential relays and

grounded throu6h current transformers serving grcamd relays provides a

precision system-of relaying generally accepted as standard practice. This
would, of course, prevent emergency operation with one or more coils in a

phase group "cut out" in undesirable practice at the best. The precise and
fast removal of faulted equipment without effecting other operating com-

ponents is a IYundamentalconcept in reactor safety and _ontinuity of opera-
tion. A recent example of how unexpected malfunction cam occur by an im-

probable combination of conditions and events not normally related is the
recent screaming of H reactor initiated by a stator failure in a motor at
F reactor.Q_5,107)

VIII. LOAD AND POWER FLOW STUDIES - SYSTEM CAPABILITIES

A. ll_ EV System

One of the recon.nendatlonscontained in a previous document (H_-61887) was
as follows:

"Attention is invited to the fact that a 266.8 MCM-ADSR llne runs

from the near vicinity of point P, (i_ V) to Benton switching
station which is connected to Franklin switching station by two

i15 EV lines, one 397.5 MCM-ACSR, and the other 250 MCM-CU.
Fra_lin now has a connection at 230 EV, mostly 795 MCM-ACSR.(37)

A 115 EV transformer bank with _ap changers, suitable relays and
OCB's located at point P, would connect the HAPO network to Benton,
to Framklln,to McNary Dam. This would give emergen_Y backup to the
system, but independent of Midw_ switching station."

In view of the interest shown_Qncernir_ t_is line a more detailed study

was made of its capability.QIO_) A 'simplified one-line drawing was

prepared showing _he _alien_ features of the circuit involved from data
furnished by RpA.tl09) This schematic is shown as Figure 22 and in con-'
nection with Figure 6 gives a comprehensive picture of the problem. Briefly,

Ice Harbor and McNary Projects operated by the Corps of Engineers are con-
nected to Franklin Switching Station through suitable transmission lines
and OCB's. McNary has 14 generators now on th_ line with an a_gate name-

plate rating of 980 MVA and Ice H_rbor has 3 generators with an agEregate
nameplate rating of 270.MVA not yet on the line. J_Nary is connected _o
Frmnklin through a 230 EV 795 MC_-AC_, transmission line and a 250 MVA,
230/I15 EV nato transformer bank. Ice _or is under construction with
the first gene_tor due to be put on the line about December, 1961. The
trmmsmission line from Ice Harbor to _k_lin and the termlmal facilities

at each end are under construction to be cQmpleted prior to the first gener-
ator cut in. Either the McNary line or the Ice Harbor lines will be able
to handle the.nominal load of the trsA1s_ormmr at Fra-klln. _ The two lines

F i. to B .to   inty
mmtely the rating of the transformer bank at Franklin or 2_0 _A._ .LAU)

The line from Benton to the vicinity of point .Pl, is 266.8 MCM-ACSR running
northwesterly at an angle of 38.2° from _rth. The prevailing wind at Han-
ford in _he _onth of July based on climatological records from 1912 is as
follows:_iiI)



o

From West 9%

21%
Nw
wsw 9%

Thw wind velocity expectancy for July is 4 to 7 miles per hour for 37% of
the time and 8 to 12 miles per hour 24_ of the time. The hottest summer

of record was 1958 and July the hottest month of the year with 21 days
lOO°F or above for an average for the month of 86.1°F. _3_usthe worst

expected temperature condition can be taken as lOO°F (38°C) in the month
"of July with a corresponding wind velocity component normal to the line
direction of no less than 5 miles per hour.

Carrying c_D_clty of various ACSR conductors were computed using the House
and TuttleQll2} equation and standard conditions of 25°C ambient tem1_erature,

75°C conductor temperature, wind velocity of 2 feet per second for black
conductors in the clear sun. Values of current carrying capacity for vari-
ous size conductors were computed. The results were plotted and are shown

as F_gure 23, Appendix B.

Calculations showed also that ambient temperatures have little effect on

final temperature of the conductor and that wind velocity does have a criti-
cal effect on carrying capacity.

Maintaining the same & as before but with temperatures more realistic of
conditions expected at Hanford that is 100OF (37.8°C) ambient and 190°F
(87.8°C) _rlth a black conductor in full sun data were. computed for each size
of conductor (266.8, 636 and 795 MCM) for vari6us values of cross wind.
Three curves were plotted and are shown in Appendix B, Figure 24. The
e_fect of wind velocity on conductor carrying capacity is rather startling
and shows in the case of the 266.8 _ conductor that for a wind of 2 feet

per second (1.36 mph) the current carrying capacity is _70 a_peres but for
a cross wind of 5 miles per hour it is 640 amperes. This is the safe

carrying capac_ty of this llne under the worst adverse conditions. In terms
of KVA:

KVA = _ 640 X 115 = 127,_75

Allowing an overload to 1.2 per unit would call for a transformer bank

size at point P, of 150,000 KVA.

This transformer bank would probably be made up of three single phase, tap

changing under load autotransformers. The transfp_r_tio_._ratio of 115/230 EV
is particularly favorable to the autotransformer. _'Lo'_z_j The KVA rating
will allow critical transmission line loading at high ambient temperature

and still stay within the @llowable transformer loadings as specified on
ASA-AIEE standards, ill5,116)

OCB's would be modern 3 cycle opening with suitable protection rel_ys_ in-
cluding sy_chronlsm check relays. Control of these breakers could e_sily
bo auporvined f'rom oxlutin8 at_t_on ,_. _porvtaory control and telemeter-
ing circuitry should not be difficult. The breaker at Benton Switching
Station are operated and ccntrolled by the operators at Franklin by routine
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supervisory control, with no particular difficulty. From data furnished
by BPA, the breaker protection now existing at Benton amd Hanford substation,
their specifications are:

Breaker MamA- Opening Rec !ose

No. Lin____ee facturer Type I__C KV___A Time "

53_ Richiamd-300 Area G.E. FK-_39 800 159,344 5 cycles 1 sec-30 se
538 Franklin No. 2 P.E. RKE-64H 12OO 239,O16 5 " 45 cycles
540 Midway P.E. RHE-64H 1200 239,O16 5 " 20 "
542 Franklin No. 1 G.E. FK-439 800 159,3_ 5 " 1 sec

544 Hanford A-C BZO-160 1200 239,016 5 " 2.9 sec.

It appears that the operating problems associated with this intertie are

quite trivial whether the P1 breakers are operated normally open or normally
closed. When operated closed, loazllng could easily be controlled by tap
changing. With the breakers closed an_ the 1-15EV llne lightly loaded, the

system represents a distinct separate source of emergency power extremely
valuable in the event of complete loss of Mi_%n%y.

Operated nor_ open it is clearly a s_y source of power but would need
to be symchronlzed with the emergency generators. With either mode of
operation and in dire emergency the complete capabillty could be quickly
made exclusively available to HAPO by very simple switchimg operations. Even
with McNary line to Franklin also out, Ice Harbor could still supply HAPO

which should be rated as a priority load. The problem of power wheeling
over this line is one of agreement with BPA stud=mezs to be a minor one. rf
and when there is power available for export, th4 matter of power flow will
surelyneed to be negotiated, be matter of stabilityshould, of course,
be determined on a power network su_zer. In view bf the facts presented
in the discussion, it seems axiomatic that the intertie proposed will be

feasible and advisable as a semi-independent alternate source Df electrical
,merEy in accordance with the general philosophical concept deyeloped in
this report and this alternate source of energy will be even Msre important
as reactor thermal levels are increased, coupled with the possibility of
electrical power production for export.

B. Transformer Caps_ility--230/13.8 KV
o

One of the most vital points in the network of each reactor is the power
supply transformed complex. Power to all the reactors is fed to the 13.8
EV busses thro_ _ of 230/13.8 KV transformers, _ 12. Ym general,
these banks are three phase, sin@le case types.

t

A failure in any wimpling of the bank means outage of the entire bank r Total
equiv_ent i_pedance of these transformers is highp of the order of O.165
per unit. _he ratings as discussed in the description of the HAPO electrical
network, are 31.25 for the banks in the old reactors add 50 MVA for the
banks in the KE and KM reactors. _ese transformers have bees the subject

of greattcg_ncerw, r_ultlng in sever1&l studies over a conJidcrable period
of time._ll(,/-iO,llg) The B_ker and )_Lene_ rmport yam especially com-
plete and was based on predicted conditions existing after completion of
Project CG 558 but did not consider K reactors. _is report showed the
predicted loadi_ on each reactor and on each transformer bank in complex
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MVA but was generally low as compared to the actual peak loads in 1959 as
reported in HW-61887, wblch also included the K reactors. Attention is
invited to the fact that these are actual complex )IVAbased on the highest

peak values reported up to September l, 1959, not necessarily coincident,
but considered so for purposes of this study. The values were as follows:

Reactor Area MVA

B-C 74.70-J 9.03

53.oo-j_.oo

49.50-J23.7o

D-DR 74.70-J13.58

58,_0-j2.18

F 36.5o-J 6.75

These values were updated with current field data to reflect any changes
between September l, 1959 and September l, 1960. All reactors show an in-
crease in peak demand except ICE and H reactor so the value for use in the
1959 report is shown here since it is higher. The results are:

_
Reactor Area MVA NrA

B-C 75.15-J20.00 77.70 /-14.9°

r_.oo-j29.oo 6z.24/-28.7°

50.50-_26.52 57.1o/,27.7°

D-DR 75.15- 12.60 76.10 /-9.54°

38._o-j2.18 38.41I-3.2_°

F 36.96-J 5.26 37.35 /i _ " _0

o

Referring to Document HW-61887, the total coincidental denma_ on Mid_
"_asfcund %o be (as of September 1, 1959):

338.1o-j91.69- 35o.21-15.2° WSA

This represents actual values assuming that all peaks are coincident and
that the quadrature components remain :Inchanged. A subsequent study made
by others in co-operatlon with Bonneville Power Administration with _u
assumed predicted loading of 416 M.w.¢l-06) An _ 650 cmmqmter was used
to compute the power flows %o the varicaus are_ under a vmr_e_ Of synthetic

Assuming all reactora up with the synchronou_ motors at B reactor with
maximum leading reactive and all cther synchromous motors ol_eratin6 at unity
power factor and with 230 KV at Midway, the complex power was:
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_A : 416.0-J201.9 ,= I_62.-2__. °

Assuming 230 KV at Midway but vith all synchronous motors at all reactors

operating at full capability leading reactive_ the data shows:

_A = 415.6-J110.8 = ha9/-14.93 °

The first condition of operation is unrealistic as compared to the second
condition because normally_ the synchronous motors should be operated as

with as high an excitaticn as possible, lt should be noted that the angle
obtained for actual operatlon_ coincident peak_ was -15.2° and that for the
second condition above the angle was -14.93°.

Summation of the power flows into the various areas including 251 and 100N
for condition No. 2 above yields 413.4 MW for the real power. Subtracting
this value from the real component of case No. 2 yields:

415.6 - 413.4 = 2.2 MW

The llne losse_ This value varies, of course, with the MVA loading, as a

Numerous documents were reviewed to obtain some evaluation of the effect

that plans for increased production would have on t the ele_trical system, in
particular the effect on these transformer banks._llg, 120) The above docu-
ments seem to _._s_antiate the validity of the IPD power forecast through
the year 1965. kA_A; Unfortunately, the values forecast are in terms of
real power increases only and not substantiated by documentation. Assum-
ing that the KW increases are sm accurate as present planning will Permit,
and using the real component of the present (1960) Peak as a base, the pre-
dicted total MW load at each area will be:

Area 1960 Increase 1965

B-C 75.15 ,15._o 9_. 55

53.oo 25.oo 78.00

ml 50.50 2_. 0o 7%. 50

--- 18.0o 18.oo

D-DR 75.15 15.70 90.85

H 38.4o 7.3o _5.70

F 36.96 6.50 43.40

Assuming that the per unit lncreeuse of the q_agLr_ture component in per unit
is the same as the per unit increase in the real cumponent, thus reflectin_
the increase in the _u_irature cumponent the new complex power sam be com-
puted. This proce4hare is mathematlcall_ valid mad is realistic because of
the large available rmm_e of reactive aduhastment on the synchronous motors .(I>3



Computing the quadrature components on the above basis and adding to the
complexpower tabulated for 1960_ yields the predicted complex powers for
1965:

Area MVA MVA

B-C 90.I-Ji_.9 90.8/-7.54 °

Kw 73.5-J35.2 81.5/-25.6"
18.0-J 9.6 20-4/-28.1 °

' 0
D-DR 90.4-J16.2 91.8/-10.17

_5.7-J2.59 _517_o7_F2Y67_°F _3.O-J 7.95 43

• Total 438.7-,_U.8.1 _5_ /-1_.1° '

Adding (15-J10.6) for the 251 area (from I_-63895) yields:

Total MVA = h53.7-J128.7

= _721-15.85°

This WLIue will be used in a later discussion.

The specifications for the various transformer banks in general are three
phase (single case) 230/13.8 EV star-delta connected two winding. KE and
EN have 50 MVA banks and all other reactors have 31.25 MCA banks.

Data were prepared using actual values from the peak conditions for 1960
showing the flow t_ each transformer bank izZeach area. The values
were tabulated along with the name plate I fan cooled (FA) rating of each
transformer add are shown in Appendix C, Table E. Assuming that the per
unit loadi_ will remain the same under the predicted increased load, a
similar tabulation was prepared for the predicted 1965 loads shown above.
_ese data are shown along with the transformer ratings in Appendix C,
Table F. A third tabulation w_s prepared using data derived from Ng-63895
for the case of 230 KV at Midw_7 and all synchronous motors up to full

leading reactive capability and is shown in Appendix C, Table G..

Sun_ary

Analyses of the preceding discussion and the comparison charts show that
at the present time all transformers are operating on their force cooled

(FA) ratings and that for bank No. 3 in B-C and D-DR reactor areas the
loading approaches the maxinnnn rating. A fault in an_ part of the trans-
former bank, even a bushing failure, means outage of the entire bank. Should
this occur with the present loadings (Figure II) the survlving bank or banks
in some reactors would be overloaded beyond the maxinann forced air cooling.
The degre_ of aertoueneae of %hie overlo_d would depend upon the _a_atton
of the overlo_d e_d the ambient teapemture at the time of overl..4.
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AllB_ Oper_ti_

Reactor Area Number of Banks Per Unit I_i Per Area

B-C 3(93.75) 0.870
KM 2(loo) o.9_
_m 2(zoo) o.9_;
D-DR 3(93.75) o.9ol
H 2(62.50) O.635

F 2(62.50) O.629

One Bank Out of Service

Reactor Area _ Remaining Per Unit Load Per Bank

B-C 2(62.50) Z.3o6

KW Zl50.OO) 1.8725o.oo) ]..872
D-DR 2(62.50) Z.
H l( 31.25) 1.270
F z(31.25) 1.2_

The loading is ag,Aimcritical in all reactor areas and prohibitive in KM
and KE reactor areas.

It is quite evident that increased capacity will certainly be required, if
a£biltionalload is to be added to all reactors. If the possibility .of a

transformer bank outage is considered and the_e are no spare banks, the
situation is even worse. Serious attention possibl_ should be given to the
increased capacity attainable by installation of a suitable heat exchanger
and forced oil circulation. It i_ unfortunate that the banks are not made

up of single phase units thus making the matter of spare transformers much
cheaper and easier.

C. 290 EV Transmission Lines

The description of the HAPO high voltage electrical system mentions that
the conductor specifications for the three main transmission line_ from
Midway were 636 MCM-ACSR for lines II(}. 1 and No. 2, and 795 MQM-ACSR for
line No. 3. _he curves plotted for use in the discussion o_._he 115 KV line
frcnnFranklin show that,_or an ambient temperature of 25oc (77°F), con-
ductor temperature of 75°C (167°F), cross wind of 1.4 miles per hour, old
oxidized conductor in bright sunlight the 636 MCM-ACSR (code name Egret)
lines 1 and 2 will carry 820 amperes and line No. 3 (795 _-ADSR--code

name Drake) will carry 950 amperes. The safe carrying capacity of _CSR,
has been the subject of extensiva research for several years by _!ser,
Alcoa and Reynolds Al,,m1_,mResearch Laboratories. Field experience seamed
to indicate that the Alcoa tables accepted by electrical utilitles for many
years were very conservative. As a comparison, these tables sbml _ numlnal
caz_'yingcapacity for 795 MCM-AESR as 900 em_eres and for _ Mf_4-ACSR,
780 amperes.

The values of 950 amperes for 79_ M_M and 8:)0 amperes for 636 _ are ac-
cepted as safe, steady state, sustained load carrying capacities of these
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Rea£¢or Area Number of Banks Per Unit Load Per Areaiii nii

B-C 3(93.75) 0.870

2('_oo,) 0.936
D-DR, 3(93.75) 0.901
x 2(62.50) .o.635
r 2(62.50) o.629
One Bank Out "of Service

ReactorArea _ks Remaining Per Unit Load Per Bank

B-c 2 62.5o) z. 3o6
KM i 50.00_ 1.872'KI_ 50.00) 1.872
o-o 262.5o) z.
x _ _.25) z.27o_' _.25) z.2._

The loading i= again critical in all reactor areas and prohibitive in KW
and KE reactor areas. '

It is quite evident that increased capacity will certainly be require.d, if
additional load ts to be added to all reactors. If the possibility .of a
tr_mformer bank outage io considered and th_e _.ce no' spare bank=, the
situation ts even worse. Seriouo atter.tion possibly should _e given to the
increased capacity attainable by installation of a suitable heat exchanger
and forced oil circulation, It to unfo_te that the banks are not made
up Of single phase units thus making the matter of spare transfccmers ,_ch
cheaper and easier.

C. 230 KV TransmissiOn Lin_s

The description of the EAPOhigh voltage electrical system mentions that
the conductor specifications for the three main transmission lines from
Midway were 636 J4D4-ACSRfor lined 110'_i and No. 2, and 795 14DI-aCSRfor
line No. 3. 2he curves plotted for use in the dilcusiiOD OD the '115 KV line

from Franklin show thatt_or an ambteht temperature of 25_C (77or), con-
du_t0r temperature of 75°C (167°F.),cross vin_ of i._ miles per hourj old
oxidized conductor In bright eunl1_t the 636 ]4_-ACSR (code _me F_ret)
llnes i and 2 will carry 820 amperes and llne No. 3 (795 M_i-ACS_--code
name Drake) V_ll carry 950 _pereo. The safe carrying capacity of ACSR,
has been the subject of extensive research for several yearl by Kaiser,
Alcoa and Reynolds Alu_ Research Laboratories, Field '_xperlenceseemed
to indicate that the Alcoa tables accepted by electrical utilities _or mJ_v
ye&revere yew _oneerYatlve,Aos eoupa_oon,then tablee ehov & nou_tnal
car_l_ capacity tor 795 NCt_-ACSRas 900 amperes and tor 636 M_-ACSR,
780aaperes.

The values ot 950 aaperes tor 795 MeN and 820 amperes tor 636 IO(.are ac-
cepted as safe_ steady st_te_ sustained load carryi_ capacities of these



cables. Short term loads of 1.3 per unit can be safely carried for one
hour and 1.5 per unit may be carried for 15 minutes in emergency under the
conditions stated. /Transmission lines No. 1 and No. 2 then may carry a sus-
tained load of 1235 amperes for 1 hour and 1425 amperes for 15 minutes. These

are not recommended values but are realistic where_reautor safety is involved.
Moreover, the study made in connection with the 115 KIT..Ine(Part IX A) in-
dlcates-that ambient temperatures have little effect on carrying capacity
but that wind velocity is critical as shown on Figure 24. With a wind com-

ponent of even 5 miles per hour normal to the llne, the carrying capacities
of the lines are increased to nominal values of 1330 amperes for 795 MCM

line No. 3 and to llOO amperes for 636 MCM (lines No. i and No. 2). Wind
velocities of this magnitude or greater can certainly be expected practically
without fail. Study of the climatological data and the direction of the
various lines reveals that seldom will any section of the line have a wind
velocity less than 2.5 mph. Sustained current carrying capacities for this
wind and other conditions the same (never in excess of 50°C) will be:

Line No. i 930 amperes 370.5 MVA
Line No. 2 930 amperes 370.5 MVA
Line No. 3 1130 amperes h50.1 MVA

Calculations are based on 3 phase balanced load with 230 KV line to line as
Midway. _ne study made of loadings for the various reactor areas for Part
IX B also yielded the total transmission llne loads, except for llne losses

by simple summation. For the 1959 s*'';'"the coincidental peak stumm_tionwas
350.2 MVA. The 1960 summation excluc_on of line losses was 357.0 MVA. The

predicted load from document HN-63895 with all reactors up and all synchro-
nous motor at full leading re.%ctivewas 429 MVA. The predicted load shown
u_Table F was 472 MVA. For convenience of discussion, these are designated
cases I, II, III and IV.

For Case I, the division of load was found from actual readings furnished

by BPA for the peak load up to September l, 1959, and was computed in per
unit.

Applying this per unit division to the 1959 an_ 1960 stumnationyields the
line loadlngs:

" Year Line Per Unit Load MVA -

1959 No. l 0._24 148.4
(35o.2) 2 o.2 85.7

•3 o.332 116.2

1966 No. l 0._ 151.3
(357.0) 2 o.2_ 87.1

3 0.322 _8.5

For case III and IV the division shown illdocument HM-63895 was tlsedwith
the follcwlng results:

DECL,...,S.qiFiED
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Yea____r Lin____e Per Unit Load MVA

1965 1 0.430 184.5
2 o.229 98.4
3 o.341 146.','

1965 1 0.430 203.0
(472) 2 0.229 lo8.o

3 o.341 161.o

Comparedto the line capabilitiesfor standardcondition_(1.4 mph wind)
yields:

ComputedLoad Capability Loading
Line Number MVA MVA Per Unit

Case I 1 148.4 326.7 0.454
2 85.7 326.7 0.262
3 116.2 378.4 o.3o7

Case II i 151.3 326.7 0.463
2 87.1 326.7 0.267
3 Lt8.5 378.4 o. 313

Case III 1 184.5 326.7 O.565
2 98.4 326.7 o,3ol
3 1_6.3 378.4 0.387

Case IV I 203.0 326.7 0.621
2 lO8.O 326.7 o.331
3 161.0 378.4 0.426

Similar computationsbased on line capabilitieswith a 2.5 mph wind yield:

Computed Load Capability Loading
Line Number MVA MVA Per Unit

Case I 1 148.4 370.5 O.401
2 85.7 370.5 o_31
3 116.2 45o.1 0.258

Case II 1 151.3 370.5 o.408
2 87.1 370.5 0.235
3 118.5 45o.1 0.263

Case III i 184.5 370.5 o.498
2 98.4 370.5 o.266
3 146.3 45o.i 0.325

C_se IV 1 203.0 370.5 O.548
2 108.0 370.5 O.291
3 161.0 450.1 0.358

The two loa_Ing c_\pabilltlescompute4for 1.4 mph wind and 2.5 mph wind
were used as a base against which'theloexiingsshown in Case II, III and



IV could be compared with various combinations of 230 EW transmission
lines in service. Division of load for the condition of No. 1 llne out

of service and for the condition with No. 3 llne out was obtained from
HW-63895. The division of load with No. 2 line out was taken as being In-

versely proportional to the complex positive sequencet_edances of the
paralleled line sections, that isI to the K area tap._J Division of load
for all lines in service was already show_.

Dat_Awas computed for all other combinations of line outages and tabulated
as Table 41 Appendix C. Loadings are given in per unit of line capabilities
with 1.4 mph wind. A second set of data was prepared using the same tech-

nique but assuming a 2.5 =ph wind. These data are shown as Table I, Appen-
dlxC.

Analysis of thes_ two tables seems to indicate that these lines are adequate
for all cases studied so Io_ as the three lines are &_ service. For ';he
worst case (IV) with a total load of 472 MTA, line No. 1 with the highest
per unit load is operating at only 0.628 (62.8_) Per unit of its capability.
With an increase in wind velocity to 2.5 =ph the per unit loading oa this
._'._e drops to 0.548 (54.890 of caluLbility.

Failure of line No. i means that B-C reactor area will have to get all its
power from the direction of K reactor, thus loading the two, lighter loaded
lines, boosting their per unit loadings to 0.539 for line No. 2 and 0.780

for line No. 3, neither of which is critical even for Case IV. Outage on
line No. 2 will open the long le@ of the loop and force H, F and D-DR areas
to get power from the direction of K area, thus loadin_ llne No. i and No. 3
to 0.799 per unit (79.9_) and to 0.554 per unit (55.4_). These loe_ngs
are sot critical for line No. 1 or for line No. 3, except for the first
span at Midway.

Loss of line No. 3 puts the entire burden on lines No. i anclNo. _ The
new loadings will now be 0.960 per unit (96_) for No. I and 0.483 per unit
(_8.3_) for No. 2 for Case IV. The MVA on line No. 1 is now critical and

approaches its safe carrylng capacity. This MVA corresponds to 817 amperes
at 230 IOTwhich exceeds the contir-,ouscurrent ratlng of the line section
to B-C area (Station A2). The MVAloading on line No. 2 correspot_ to
366 amperes at 230 KV which makes OCB's No. 386 and No. 38_ at _he 251 areas
in a critical position. Since the load at 251 area is-only (15-J 10.6) MVA,
this leaves 323 e=nperes flowing _ F area with the OCB's there in a
possible critical position. _e subject of breakers will be discussed later.

Failure of both lines No. 2 and No. 3 clearly overloads line No. 1 beyond
its capability for Cases II, III a_d IV. Volta6es at F and H r_ac_r areas
would also be prohibitive. The value of an Intertie to the 115 EV network

at point Pl, as propos_ in Section IX is clearly shown here since it would
be possible to continue op_ratlon with this connection and llne _o. i.
Failure of both lines No. 1 and No. 3 throws all the load on llne No. 2
with conseguent prohibitive overlom_II_ of the llnes and the bI_NLW_I_ at
251 R area, F area and possibly D-DR. Since the path is mach longer, volt-
ages would also be prohibitive. As in the case above.,_e proposed trans-

former at P1 might make it possible to operate until one of the other lines
can b. restored.

-38-
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IX. CIRCUIT RESTORATION

The preceedlng general discussion in this report has developed the philoso-
phy that electrical power supply :ircults should be energized as fast as

possible following a fault. In the case of loss of one or more of the 230 KV
transmission lines from Midway, this implies fast recloslng at the Midway
end. Fast in this connection means opening of the oll circuit breakers in

about 3 cycles (1/20 sec.) of 60 cycle per second wave and recloslng as soon
as practicable. Normally, restoration of power by reclosing is from 18 to

22 cycles on a 60 cycle per second base, without restrlke on most transient,
making a total elapsed time of from 21 to 25 cycles or 0.350 to 0.417 seconds

from time of fault. If the fault is sustained, the breakers will reopen and
lock open in an additional 3 cycles or les_ m_,klng a total elapsed time of
2_ to 29 cycles or O.hO0 to 0.483 secondst!126!_o_his is standard practice
zor _A ana other large utility networks._,_o)

Fast recloslng of transmission lines which have been cleared of the receiver

load presents no problem. Such loads as lights and small motors also pre-
sents no problems even if not cleared. Recloslng large motors, either
synchronous or induction types, presents engineering problems which have

several variables including the speed of reclosure, load at time of failure,
speed of decay, HP and voltage rating, stability, and voltage regulation of
the system.

Preliminary investigation in the case of K reactor which has only induction
motors indicated definite po_slbilities for fast reclosure and was so re-

ported in document HN-61887._l) Due to voltage regulation and stability
problems the entire block of induction motors in the K complex m_7 present
some engineering problems if restored simultaneously and not fast enough.
Stability of the K plants has been the subject of numerous engineering
studies primarily br_ about by.a continual upgrading of the thermal
level of these reactors.(129,130,9) Great concern has centered around the

, emergency generators in the power supply network of these ;wactors and.have
been the subject of numerous reports and analyzed studles._131,132,133)

Loading of these generators has been carefully examined from the e_._5,OPe 13_safety standpoint and on the basis of peak trimming of purchased pow ..
The motor complement of K reactor has also been the subject of several en-.

glneerlng stud/es made to determine both stability and safety of operation_137,1_:_

The most recent study is a very excellent one which utilized the system
analyzer to determl_ s_abillty and other factors concerning the K area
rotating equipment._ _; The subject, of relaying has been adequately covered
by relay studies and tripout tests.tl40,141)

The foregoing discussion is intended as a review of the reliability and
safety of the K area reactor electrical system rather than a new study.
Document HW-61887 was prepared as a critical survey which would focus

attention on certain areas which might be investigated in greater detail.

One area was the fast recloslng of the 230 KV system following clearing of
a fault. Document HM-65711, a subsequent document, clearly points out the
extreme importance of this and recce--emds flarther. Such a study is now in
progress and normally will be "proofed" on the network analyzer. This
document also demonstrates that the K area system will be stable under variou_
extreme conditions which will require a very unlikely sequence of events.



History of incidents at HAPO have usually followed a "sequenceor i_-
probably events" such as the incident at H-F reactors on 11 March, 1960.

lt is therefore important to give credence to the probability of occurrenre

of the unlikely sequence of events on which some of the tests were based.

The author concludes, in general I that reclosure is important; and that i'f

fast enc,Ag_l, could possibly plck up the system without losing the reactor

The problem of high speed restoration of the 230 KV system following a faul "_

to the remaining reactors (except NFR) prcsents a quite different set of

problems which have not been exhaustively ex_ored to date. Reactors B, D_

DR, F and H have essentially the same type of network as already described

in another section of the present report. Brlef_7, this consists of a

lagglr_ power factor load consisting of munex_us but not large squirrel c_,:,

induction motors and forty 4500 EP squirrel ca_e start synchronous motozs

drlvln6 centrifugal water pumps and equlppe_ wlth, h@avy flywheels with a

WK_ of 568,657 pound feet squared (lb-ft2).t137,1_) Reactor C has twelve

3300 EP induction motors and therefore presents about the same electrical

problems as K reactors in so far as circuit reclosure is concerned, but

simpler because of their size and the fact that a steam turbine is floatir%_
on the same shaft. The main problems then are concerned with the restor_ti_.:

of power to the network which is typical of B, D, DR_ F an_ H reactors.

A study ve_ conducted uslmg typical data to formulate the followin6 items:

(1) S_ed dec_

(2) Torque an61e

(3)  lent currnt

Voltage

(5) St billty

Electrical parameters for the 45OO HP synchronous motor vere somewhat in-
determinate and had to come from several sou_es_ some of which were lndirec:
and required computation. "

Speed Decay

Speed decay curves for K reactors have been alread_ discussed and presented

in _o_u_ent _-61887, Figure XI and includedhere for convenienceas Figure

25.Q1_3_ Typical curves were prepared for B, D, DR, H and F reactors which

were so nearly identical that only one fs presented here as Figure 26, for

H reactor and re_arded as typical.

A separate curve was prepared for C reactor because of the radically differ-
ent _peed decay ch_racteristlcs of this reactor and shown as Figure 27,
Appendix B. All curves are based on latest data in each case an_ were

tested for validity by cumpar_son with a theoretical _lot.(_-I-]_)

DEdLASSIFIED
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BasicalLy the time dec_kycan be thought of as an electrical-_ncbanical

energy convension in which electrical energy supply is suddenly terminate(]

euxlthe electrical machine becomes a potential generator and the hydraulic
system still contirn,es as a pump. Power to supply any load which may be
still connected to the busses and the power necessary to maintain hydruulic

flow must come from the flywheel stored energy. In the case of the 4500 }_
synchronous motor pumping units such as at H reactor the W_ of the motor

be represented by am equation of the fo._.._--,l
-kt -at -br

S = S + SlE - SZR (1)

where S = instantaneous speed in per unit of synchronous speed.

S = synchronous speed in per unit

K=½nt

T = b:_ak tlme

t = time in seconds

a and b - arbitrary, constants

SI = positive dacrement

S2 = negative decrement

n .,.@(Di

- 2.'118_...

For the first i0 seconds_ the secomd and.third terms cancel and the_est
curve matches the curve plotted from the empirical e_uation S = So" .

Observation of the curve for H reactor shows a drop in speed to 0.98 per

unit in I second (60 cycles on a 60 cpm base) after trip ouc and the C
reactor" curve shows a drop in speed to 0.99 per unit after 1 second after

trip out. These curves provide • positive check _ the synchronizing s_le
eaalyslsto follow. Reclosingbreakerson a _ synchronousmotor
followimg a power l_t_=rru_t_on mst creaseundeslrable" or prohibitive trsmsl-
ents in that mo_or._,_7 If *_e field Is still on the machine, it be-
comes a generator add will suppl_ az_ electrical load connected to its

termimals for'a period of time aC a frequency and voltage depending upon
its rate of speed dec_V. The enerEy for this supply _,st come from the
stored energy in the rDtating members. Beclo6img under these conditions

is the s_e as synchr_nizi_ an alternator _ has the sine requirements.

Briefly, the incominE nachine and the line n_st have correct phase se-
quence_ and should have when connected to the lime:

_:,,_ .,
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i. ET-_ vol_es

2. E_ fre_cies

3. Voltage in step

In this case the important item which may be critical is speed decay which
causes frequency to decrease causing the volta6e wave of the generator (motor)
to lag the line voltage. Frequency drop in the first 30 cycles is not the
critical factor as such but does determine the phase position or synchroniz-
ing angle. In this dlscussion_ the synchronizing angle will be designated
by the symbol delta (E). It is well _ that rj1_.hr_zing machines out

of step ma_ cause torques; and, c?ns_e_uently, currents which ms_ be equal
or exceed short circuit currents._A>S;

Stone and Kilgore state that "It is of course well known that thr_ a
machine on a large system out of phase by more tha_ 6_. produces a worse
electrical transien_ than a sudden shor_ circuit."_ 15_), The machine con-

staat which limits this torque is the subtransient synchronous reactance

(X_) for various values of (4: Actual_ the reactance of the circuit into
which the machine is closed also helps to limit the transient current so
that basically the translent electric torque is:

T --'E2 sln,%(1 - cos wt + tan Asin wt) (2)

Where

E - generator voltage
H

Xd - subtransien_ reactance
0

xn - circuit reactance

- synchronizing angle

v -2"_ "

_e torte developed in the rotor dnring synchronizing ms_ be _ put

into. the fore pr_iousl_ used for spe_ deca_:
T " AE "at -BE'bt cos wt + CE"ct Sillwt. (3)

A, B and C are functions of d

- angle of synchronizing.

ap b an_ c are decrement factors.

Equation (2) has been evaluated by & _er of mathors and when plotted
ags/nstdyields a sine loop with tvo maximum p_.nts. _155) Such a curve is
shown in Figure _, Appendix B.

\
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Another curve shown on this same paper illustrates the safe closing areas

for various values of the synchronizing a_e_based on a wide rar_e of

ratios Qf Xn to Xd. A similar curve was plotted and is shown as Figure 29,
Appendix B. This curve indicate n that it is safe to reclose up to i0° dis-
placement for all ratios of Xn/Xd and that larger values of the angle A

may be tolerated for high ratios of Xn/Xd. It should be noted that this
curve was for 30,000 KVA machine but gives a good idea of the problems
involved.

Evans in a classic paper published in 19_0, used vector diagrams to de-
termine currents which might be expected for machines closed une_l

voltages for various .Ta_ueq.of synchronizing an_e _, based upon sub-
transient reactance y_,_lS_:_)

Curves plotted from such data exhibit the typical V curve shape and show
that with an incoming machine voltage of 0.92 per unit and a synchronizing

angle A of 60° currents will be about 4.2 per unit. Xt seems evident that
reclosure should be completed before the synchronizing an@le has reached
60°. The next step was to expolore the actual decay characteristics and
the starting chars_teristics of the actu_l 4500 HP synchronous motors used

in B, D, DR, F and H reactors. The speed deca_ curves give _ good picture
of the actual speed of the machines st various time intervals from which

the freTAency ca_ be computed since

s. :t2o.
P

S = speed in

f = frequency in cycles per second

p = number of poles

The angle _ caused by this drift and by any load which is on the machine bus

could be computed by use of vector di__ but the method proved-slow and
indeterminate. It was decided to use actual oscillo_ams taken on trip _at
tests. _,ta. were taken from oscillc_Ims taken on all the busses ,in the

D-DR complex serving the _500 HP synchronous motors. _xree tests were run
on each group titled busses X_ XI_ and XIX. .l_f_.11y _ _M_e_ellt is
as shown on Fi_u-e IT.

The actual position of the voltage wave referred to the timing wave was
determined for each case using the oscillo_wn_. _e results are shown in
Appendix C, Table J for I, lO, 20 a_l 30 cycles after trip out.

An average was computed for each bus and these values were used to plot _he
curves shown on Figure 30, Appendix B. These curves clearly show the phase
angle drift of the sYnCh_nc_s motors on these bus _r_pe as related to
time. The drift in phase an_le is the synchr,onizing angle _ alx'e_ dis-
cussed. _hese _J.lc_es give a reeAistlc picture of eondltons u they actuaJ_ly
exist and show clearly that if the 60° value of _ is used as a criterion,

on Bus XI and, 1_.2 cycles on Bits XXX. Xf a value oi' _o£ 70" could be
tolerated_ then the values votuldbe X_.2 cyclea_ 17 c_cles_ and 21.2 cycles
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respectivel_, lt should be noted at this point that trnnsltion from a
generator to a motor is smooth, and there is no danger of phase sequence
reversal, lt should also be observed that if the motors were operating

over_xcited_ which would normall_ be the case_ the current would lead the

llne voltage and in the case of the synchronous generator overax_Ited_ the
current would have to lag the generated voltage until the machine again
becomes a motor. For steady state below saturation, only i_,na-_ntal

frequencies and positive sequence currents are inv01ved._lSl,IGJ

The above discussion means that when the power supply fails, the motor

(now a generator) should exhibit no decline in voltage and possibly a
voltage rise at its terminals depending upon the load on the bus to which
it is connected. An actual plot was made of the data derived from the same
source as used above. Since there was induction motor load on the b_m

group (_) the regulation _e to I¢_L_ (_- _ d__) and to speed dec_
was offset by the overexcitation, and the voltage, remained flat until after
the motor breaker was tripped at which time the voltage rose to the value

corresponding to the excitation level, and then decreased as the speed
decayed. The curve is shown in Appendix B, Figure 51. lt is evident that

voltage drop is not a problem in the region of fast reclosing, insofar as
it affects synchronization conditions.

The next area of investigation centers aruund determination of the magnitude
of current to be expected under starting and transient conditions. The

starting characte'ri_ticsof these motors was det_Ir_ by use of the actual
starting record charts and acceptance test data.%l_; Data were derived from
these records taken on H reactor from which curves of voltage, current and

speed on per unit versus_time (in seconds) were plotted. These curves are
shown in Appendix B, Figure 32. A secozxlcurve was plotted to graphically
illustrate the voltage level (in KV) du_ the starting period, shown in

Appendix B, Figure 33-

A third curve shoving the actual current in amperes is shown in Appendix B,

Figure 34. These curves are all based on the procedure of starting one motor
at a time connected _o one bus one7. The effect of using two 13.8 _V busses

in parallel and th_ two 230/13.8 XF transformers in pare_el while starting
a motoris showniuAppendixB, FAgure' 35-'

In the case of the slx_le bus method of s%artlng the motors, nor,_l current
is restored and current reaches the ste_ state at app_atel_ 52 seconds

fraa standstill. Synchronous speed and synchronous operation is attained
nor_ from 5 to i0 seconds prior to this. Standstill current reaches

approximately 5.5 per .uni.t or 1078 ampere_,limited primaril_ by the sub-
transient reactance (X_)_ The valve of Xd furnished to the e_thor by vendor
for these motors was 0.18 per unit on full Iced current base.

_pical values for this parameter for salient pole synchronous motors with
damper (s_ortiss_r or s_uirrel cage) _ lles between 0.20 and 0.50
per unit._157,15_) This method of s_rt.in_ (separate busses) has the
advantages that two motors _ be started sin_ltanec_l_ and that _he
current In also restricted to some exten_ by the voltage droop.. The

pe_Alel bus system has a better voltage restriction but al£c_s the current
to go to appr_xi-_tely 6.0 per unit with on_ & _ _ in acceleration,
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steady state current bein6 attained at about time _5 seconds. Starting
characteristics of these motors up to the time of application of the field
follow the basic principles and exhibit typical behavior of squirrel cage
induction motors.J159,160) The significant point in this d/acussion is the

fact that for each speed of the motor operating without excitation, that is
as en induction motor, there exists a correspondir_ unique value of back
electromotive force and current which is approximately the same whether
the machine has reached this speed by either positive or uegative acceler-
ation. _us, if the rate of speed decay of these mo%ors is considered to
be as presented in Figure 26, there exists a region where fast reclosure is

a possibility. This reasoning would apply to K area as mentioned in H_-61887

to C area and to the other reactor _500 synchronous motors if deprived of
fleld excitation.

Document _-65711, a stability study of K area where the largest induction
motors are 'locatedp indicates that the critical motors are stable under
transient faults, even under unusual end unlikely conditions. Further in-

vesti6ation is new in progress,but even if fast restoration is possible
should be proved on the power syste_ en_lyzer.

In case of the 4500 HP synchronous motors in B, D, DR, F and H operating
as synchronous motors with normally overexc.ited field (leading current)
the machines become overexcited generators (la_ing current) upon loss of
230 EV power. Fast reclosure in 17 cycles or less see_s to be a definite
possibility; and, if the reactor scram signal can be dela_ until after

22 to 25 cycles, the reclosure might be accumplished without losing the
water flow end the reactor.

Present practice with a power loss and auxiliary time delay relays, delays
opening of the motor breaker for about 28 cycles so that if the fault clears

an£ power is restored, the motors will continue to operate. This _p1icates
fast opening and reclosure but in a -.,cbless precise _.

Beyond 60 cycles the _tors will be cleared from the line and the field

opened, so there is no reason why the 13.8 KV cannot be re-energized; and
because the motors now effect inaction motors with a small speed decay,
they can be restored rapidly by pair and restore the reactor if time can
he saved in operating procedure by bypassing the cone valve and eliminate
the lock out relay and the "permissive switch" rutttine. °
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FIGURE 12

Photo of Typical 230;13.8 KV 31,250 KVA Transformer Bank
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FIGURE 31 HW-66363
VOLTAGE ON 13.8 KV BUS FOLLOWI_ X_S OF POWER
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TABLEJ
i,i--.i.., . -

D-DR I I i 18.9°
lo 53.5°
20 85.3°
30 154.3°

, D-DR I II 1 18.9°
io 43.8°
20 80 5°
30 z4o[3°

D-DR I III 1 18.9°
1o 43.8°
20 61.6"
30 1o2.9°

D-DR li I 1 28.1°O
1o 52.
20 90.°
30 148.4°

D-DR II II i 22.5°
1o 47.7_
2o 81.8°
30 137.3°

D-DR I/ III i 16.9°
10 _3.4°
20 65.5°
30 1o3.9°

D-DR I/I I 1 13.8°
I0 41.5°

20 82:_°30 "136 0

D-DR III IX 1 13.8°
L i0 46.2°

20 82.0 °
30 136.7°

D-DR III III 1 000.00
10 36.9°
20 54.7°
30 91.i°
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