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Designing crude-oil fuel systems

Two large cycling boilers for the Consumers Power system have the
flexibility to switch from crude to resid without changeout of equipment.
Safety is of primary consideration in system design and operation

Several factors influenced Coniz=-
ers Power Co’s decision to add two
660-MW.  crudz-oil-fired ol
units at the Daz E Kam Plant. Mo -
impornant. perhaps. was tha: the
company required a large blols of
intermediate-icad-factor censr.i -

senmL . LR

Essexville. ML, is close to ma-or iz

dustial loads. Further. a pio2iin:
direct from the Canadian oif ©2lds
passes within 2 faw miles ¢l the
plant. and 1< cargo. lov.-sulf
crude. is an exvironmentally 2
uve fuel. Tha plant’s location on
Saginaw Bav also makes it posihl
to deliver oil by tanker.

The two n2w units. desizo:

Kam-3 and . were built alonzade

Kam-1 and -Z. The eight-unit 1obn
C Weadocek Piant is located o the
same site. Kam-1 and -2 and o of
the Weadock units (totaling aprrox-
umateiy 830 MW) bum coal. but the
remainder oY the units at Weadock

Oil-fired Kam 3 and 4 (right) were built adjacent to two existing coal-fired units. Plant’'s
tocaton on Saginaw Bay makes it possibie to deliver crude or resid by tanker
tabout 300 NW) have been con-
—~ Marhole Gagehatch\

Vent— ")

— verted from coal o crude-ail finng.
——-‘—1

— Although this discussion primar-
T /= ilv is related to Karn-3 and -3. reter-
- ence W Weadock is made because

the same crede-oil-storage and for-
warding system supplies both
plants. The Weadock conversion
was complztzd about two vears be-
fore Karn-3 went on-line in Decem-
ber 1974, and the operating experi-
ence gainzd was applied to the two
new units as it became available.
Kamn-4. st under construction. is
expected to s1an up later this year.
The o iz selected tor each of the
new oveling unids provides 1800-psig
steam at the “arbine: superheat and

. reheal eoperatures are 930 F. Ex-

Gu.Ze poke
/

Floating roof

ranhote ——o {1+ tracuen sieam from the low-pres-
sure turbinz 1 used for the deaera-
1. Oil received at the plant s stored in four 225,000-9b1. cone-root tanks fitted with or. two resdwater heaters. the
wnterral faating pans. The 18.000-5bl Karn cay tank 1s of the same cesign arrheater 2nd the bailer feedpump.
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Consumers Power and its archi-
tect/engincer on the Kam project.
Commonwealth Associates Inc. ex-
pended considerable cffort at the
design stage (1) to cnsure that the
environmental impact of the new
units would be minimal and (2) to
solve anyv special problems in fuel
storage. handling and combustion
associated with the use of crude oil.

A major objective of Consumers’
environmental-management pro-
gram was lo prevent thermal pollu-
tion of Saginaw Bav and the marsh
lands surrounding the existing con-
denser-coolant discharge canal. This
was accomplished by inswalling me-
chanical-draft cooling towers and
closed circulating-water svstems for
the new units.

Stack emissions and crude-oil-fir-
ing procedures were studied in
depth. and applicable experience of
major utilities burning crude 1n the
U S. Canada and Japan was applied
to the Kam design. As a result of
these investigations. the company
decided 10 use a single 430-ft stack
for both units. Gas-duct design al-
lows for the addition of precipitators
and dust collectors if experience and
future fuel conditions dictate their
use. Boiler. gas duct and stack are
designed for water washing of fur-
nace and gas passages.

Fuel-handling. storage and com-
bustion svstems and equipment are
designed with safety as a primary
consideration. Designers also
allowed for the possible change to
residual oil as the economics of the
fuel market dictate. All equipment
can handle crude and resid with a
minimum of retrofitting. and con-
version to gas finng is also possible
if gas should become an economical
alternative.

Crude-oil handling

The Canadian crude bumed at
Karn 15 either a fluxed-puch crude
blend or a sweet mined-crude blend
tsee table). The former is 90% crude.
8% pitch (similar to asphali) and 2%
fax r"hage.” which & similar to
Light ruel oil). Oil 15 recenved by the
uubity at a wap site on the pipehine
and v measured and stored 1n a
100.000-bb! gaging tank there. After
deliveny documentauon is complete.
oil 15 torwarded seven miles to the
Karn/Weadock siorage tanks. The
16-in.-diameter pipeline follows the
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right-of-wav of a company trzns-
mission line.

Oil received from the tap site
stored in four 223.000-bbl cone-rovf
tanks equipped with internal floa:-
ing pans (Fig 1. These tanks pro-
vide approximately a 45-day supplh
of oil for both Weadock and Kamn
at projected use rates. The floatinz
pans are essentially internal covers
that float on the surface of the ¢l
and are free 10 move up and dcwn
as the tank is filled and empuiz
Seals around the edge of the pan
and internal supporis prevent expo-
sure to aimosphere and the resulting
evaporation and deterioration of the
crude oil.

Each storage tank is located 11 a
separate diked area. Sump pumps
discharge accumulated rainwater to
a drainage pond. where any o:l is
skimmed off before the water i~ Jis-
charged te the ash-seithng peond
The tanks have foam fire- proteci.on
svstems. which discharze foarn at
the inner periphery of the walls 2nd
direct the flow of foam down tow 2rd
the seal between the tloating fan
and the tank wall. Foam is pumcad
into the svsterm by a fire ruck
through a hose connecuon on ihe2
outside of the dike at each tank (F:g
2). Fire alarms are wired into the
fuel-oil control-panel unnunciator
from each storage tank. The alxrm
also goes 1o the plant’s fire-staton
alarm svstem.

Storage tanks are equipped w:th
mixers that conunuously agitate the
oil to mimimize (1) the formation of
sludge on the bottom and (2) the
precipitation of wax on the taok
walls during cold weather. Provi-
sions for a future change 10 residual
oil include hangers for suspending
the floating pan from the cone-roof
support structure and blanked-off
flanged connecuons for the instaila-
tuon of steam heaters. Steam hezters
also may be tnstalled tor crudz-oil
storage o evpenence shows that
problems result from wax deposis
on the tank walls in coid weatzern
Oul-storage and day tanis were io-
stalled withoutinsulauon.

The (uel-forwarding pump stzton
can handle the requiremen:: of

L

Kam and Weadock separatels or
simultaneousic by pumping o the
dav tanks. which are similar o all
dcsrgn aspects 0 the oil-storege

tanks—except for size. The Weadooh

2. Foam Is pumped into the fire-protection
system by a fire truck through a hose
connection located outside of the dike

3. Kam 3 and 4 each have five bumer tuel-
oil pumps—one is on standby—of the
pasitive~<Ssplacement, screw type

tar

4. Surge absorbers insure a constant fuel-
O1i pressure to the burners. Four 100-gal
SurgQe assorers are provided per unit
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Bypass
tiow element
!

Pump motor controt

Accumulators—
10. 30. 40, and 100 gal

Simplex strainer
W Motor
W Fiowmeter

6. O piping to the burners, both main oit
header and igniter oil header, has an *'S”
torm with inlets at the top to maintain
continuous recircutation back to the day
tank, so there will be no buildup of sludge
or water in the fuel-oil lines
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tank holds 5000 bbl: the Karn tank.
18.000 bbl. These capacities repre-
sent about a six-hour supplv for
cach plant at the maximum use rate.

Burner fuel pumps—there are five
for each of the new units—are posi-
tive-displacement. screw-tvpe (Fig
3). and each can provide 25% of
boiler requirements. Hence. duning
normal operauon. four pumps wiil
be needed: the fifth will be on
standby. The pumps. which are suit-
able for either crude or residual oil.
are sized on the basis of the lower
crude-oil pumping capability and
powered for the higher residual re-
quirements.

Strainer mesh is sized below the
minimum orifice diameter of the
burner nozzles. Single-basket
strainers were selected because the
standby pump can be used when the
strainer on an operating pump must
be cleaned. This wav. strainers can
be cleaned without reducing svstem
capacity. All sirainers are equipped
with differenual-pressure swiiches
to alarm and wam operators of ac-
cumulations of dirt or wax in the
baskets.

Burner pumps are located outside
the boiler house between the day
tank and the building. Some
thought was given 1o putung the

28

pumps in a building. but after the
ventilation requirements and neces-
sarv gas sensors and fire alarms
were considered. it was decided that
a restricted area surrounded by a
fence was a better choice. Pump suc-
tion lines. suction valves. strainers
and all instrument lines are heat
traced to prevent the formation of
wax deposits. The tracing s explo-
sion-proof electric with thermostauc
control and is covered with weather-
resistant insulation.

Burners are arranged at three ele-
vations on the front of the boiler.
The bumer-front enclosure is venti-
lated continuously and equipped
with foam fire-protection devices
(Fig 5) and a foam-drainage and
-storage svstem. Cavities between
the furnace hopper bottom and cas-
ing are purged. by ventilation fans
before each boiler start 10 remove
any gases that might have leaked
through the furnace waterwall
membrane. This purge is a permis-
sive that must be satisfied before
burner light-off. Gas samplers lo-
cated tn the bumer-front enclosure
warn of any accumulation of explo-
sive vapors.

Oil piping 10 thé bumers. both
main oil header and igmiter oil
header. is arranged in an S form

5. Bumer-front enclosure is ventilated
coabruously and has toam fire protection

with inlets at the top (Fig 6). Rea-
son: If continuous recirculation
back to the dayv tank is mantained.
there will be po accumulation of
sludge or water in the oil lines.

Bumner design

Bumers are sieam-atomized and
have air-atomized crude-oil igniters
{Fig 7). Provision for future resid
finng has been made and requires
only a supply of distillate o1l to the

igniter lines. FElexible metal hoses
f

or oil and_steam feature double-
wall construcuon and are ipped
With a pressure fase for monitonng
leals(Fig 8).

The hopper bottom is designed to

.
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Design crude-oil fuel systems to these codes and standards

Basic design approach for a crude-oil fuet syster

rs to a.0id fuel leavs sTi'sanZ e.zoo-

ration. If spiils and evaporation occur. the effects are minimized by dranagse andve-2 2

tion. Fire prctection and safzly are primary cons:Zerations. and fre-ext.ngu s‘-.-r;
fire-detection equipment always should be insizile® Further. s
and codes relabng to fire protection must be pracsc

szt adherence (o
cuced at all imes The toilowing f st gt

references is a basic library for the designer of a tuel-oil syster

Codes and regulations:
NFPA 11—-Siangard for

rizam exunguishing syste~s

NFPA 20—Flammable znd combustible iguids code
NFPA 31—-StanZard fcrinstatiation of ai-burmiri g equipment

NFPA 51--Welding and cutbng
NFPA 512-Welding processes
NFPA 70-—Nabonal eleclric code
NFPA 77—Static electricity coce

NFPA 85D —S:andard tor prevention of furnace exz!cs:ons sn fuei-c..-.re2

multiple-burner baiter urnaces
49 CFR 180—Carriers by pipelines

49 CFR 195—Transportason of liquics by pipel:ne
Flammable liguids regulations—Applicable local ard state ordinances

Design standards:

ANSI B31.1—Code for pressure piping: Power piping
ANSI 831.4—Liquid petroleum transportation systems

APl Standard SL.—Specification for line pipe

API Stancard SL.X-—Specification for high-testline £ pe

APl Stancard ED—Specrication tor pipeline vaives

APl Standard 610—Certrifugal pumps for geaerai refinery services
APl S:ancard 650—We'ed steel tanks for oil sicrage

APl Standard 1101—Measurement of petroleum L5

displacement meter

wid hydrocartens by pos.t.ve-

API Stancard 2531—klechanical displacement«meter pravers

APl Standard 2545—Nethod of gaging petroleum and peryoleuT crocucts
APl Standard 2550—Method for measurement ang calibration ot upright

cylindrical tanks

APl RP30CC—Recommended practice tor class:ficahon of areas fcr electnica!
instaliatons at petroleum- and gas-p:peline ransportaden facliies

APILRPS40—Recommended practice tar electnical installaton in peiroieum reYiner.c
APl RP2003—Recommended practice for protecten against ign:t:ons ans.ng out <

stanc. lightring and stray currents

API RP2533—~Recommenced practice for metenng viscous hydrecarbens

NFPA—Navorat Foe Protecoo” ASSocadon. 470 AZa=se Ave Exsior MA 2D

ANE —Aercas N0 SIETTT2Ts InsTTU, 14T Ercatway. New Yo NY 1O0E

AFl—A~—enzan FPeTo.eum st e 1801 K STNW. Mastungon OO 22006

CFR~oce of Feoera Reguianens Tce 49 regulasons avaane Tom Departnent of Transperiaicn 40C Se.e— €

SW, W asungton. DC 20590

facilitate the collection of ash and
water during boiler water-washing
operauons. Sootblower air piping
has inlet connections for high-pres-
sure water. as well as the necessary
manual block and check valves. No
modification of the sootblowing sys-
tem. or controls. was pecessary o
provide water-washing capability.
Present plans call for peniodic wa-
ter washing of the stack and boiler
on weeckends after initial boiler cool-
ing. Bear in mind that it 1s necsssary
to wash when internals are cool
enough to avoid thermal-shock
damage to refractory. but they must
be warm enough lo ensure rapid
and complete dnving. Water and ash

1975 Generzton Planbook

from the boiler washing svstem are
collected in a storage tank and
pumped to the ash-setthng pond.
Operaiing  experience will  deter-
mine the frequenocy of the bailer
and stack washing sequence.

Control of the fuel-forwarding
svstem is from a panel lovated 1n the
Weadock Plant. An indicator on the
Kam control panel indicates Jdav-
tank oul level.

Burper pumps are controlied rrom
the boiler control rooms. The :rue!
svstem 1s either ~on™ or “oifl.” In the
“ofl” condition. no pumps are oper-
aung. In the ~“on™ condition. one
pump 1s always operating 10 praaide
a  mmumum recrculaung Tow

7. 8. Bumers are steam-atomized (above)

Flexible metl hoses for oil and steam
have double-wall construction (bottom)

Analysis of typicat
Canadian crude oil

Type of crude oil

Fiuxed Sweet
Parameter pitch mixed
Specific gravity at 60 F 0833 0 826
APlgravity at60 F 38 36 39 8D
Densay, b gal 6 945 6.E86
Flash pciny, F &3 52
Fire pcant F 51 53
Cloud point, F -10 -20
Pour pe.at. -13 -28
Viscos.ty, SSUat100 f 333 36.8

Heatng vaues.
Gress. Btu-tb

19672 19.845
Net. Ewu id

18 464 18.588
Grese Bis gal 132622 138652
Net. Etu gal 1232x2 127.937
Ash. w1 CC22 0Co6
Carbon. wt -, &5 23 8623
Hydrogen wi% 1323 1314
Niyogen Wt S 25 013
Sultur, wte 02 035
Hycrogen suwhde wt < hegegiTle
V.ax centent, vol % 32 23

w

r
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through the oil lines. Oil flow 1 con-
trolled by sensing oil pressure and
b -passing oil to the return line. On
startup. a drop in pressure below
burner requirements signals the
start of another pump. When fuel
requirements decrease. a pump 1is
shut off by signals from a flow-mea-
surtng element in the return line af-
ter flow exceeds the capacity of one

Fuzi-o:l control valve responds te
the demands of the combusuon-
contro! <vitem. maintamning ol tlow
to meet the requirements of throttle
pressure. steam flow and combus-
uon air.

The boiler is operated in the
boilzr-foliowine [the turbine] mode
by maintamng throtile pressure at
the set point while the wurbine 15 ad-

main-steam header pressure. The
arocess computer performs the
functions o scanming and alarming.
logeing data. calculating periorm-
ance. set-point control during unit
startup. automatc turbine start and
sequence monitoring during unit
startup and shuidown. =

pump. Loss of a pump signals the

Cizrles 4 Horste. PE. or Common-

pusung s control valves in response wealth Associstes Inc. vwho has had
start of the standby pump. A fire to generator load demands. Boiler  considerable experierce 1n the design
signal from the burner-front enclo-  controls  autematically  regulate  of fuel-oil arnd other wtiiuv fd svs-
sure shuts off all oil pumps to the af- drum {evel. furnace draft. steam
fected unit.

temperatures. flue-gas oaxveen and

tems. was instrumenial in the prepa-
ration of this article.

Unit 3 and 4, D E Kam Plant, Essexville, Ml, Consumers Power Co

Turbine / generator and suxillaries

Turbine/generator, 1 (Unit-3) ........ ... ... Gereral £:22ir.2 Co
605 MW. 1800 psig. 950/950 F. 3 in Hg abs. 3502 rp 1andem
compound. four flow. 30-in. last~ow blades. three chase 60 Hz. 26
kY. 814 MVA (0.85 pf) at 60-psig H. cressure. 0 14 short-circust ra-
tio. shaft-driven AC exciter and silicon-dioda rectifier

Turbine ' generator, 1 (Unit-4)..._.... Alls-Chalmers Power Sysiems inc
626 MW. 1800 pssg. 50/950 F. 3.5 in Hz abs 3800 rom. jandem
compound four flow, 30.2«n. last«ow blades three phase 6J Hz,
26 kv 835 MVA (0.85 pf) at 75-psig H: pressure. 0.58 s&oricrcunt
ratio. shaft-criven AC exciter and sZcon-d;ode rec!fier

Mawin condenser, L pecunit ... ... .Detava: Tors ne ine
Each single pass. 295. W n a“ec.lve surface single s~e!! dual
pressure. 3.355.000-/hr steam flow. 281.000-gom ¢ rzu'alng-wa-
ter flow at water temperature of 92 F. 70-ft effectve tude fength,
T-4n -diam tubes

Circulating-water pumps. 4 perunit.._ .. ...............Ingersc.~Rand Co
Each 68.250 gpm at 70-ft head. single stage. doubwe suchon hon-

zontally spit pump casing: 3000-hp, 445~pm moi2r dﬁves fwo
pumps at cne time

Cooling towers, 1 per unit

rey Co
Crossfiow, mechanscal draft, 14 cells. treated Dou;‘as f' c"'zs.‘ru..
tion, 28t manually adjustable-psich tans dnven Dy 2 2. single-

speed motors. capacity per cell. 21,000 gom based on 716—F not
water and 92-F cokd water at 74— wet buld

Turbwre-oil condrioner, 1 per unit—409 gom ... FramCorp

Condenser vacuum pumgs. 3perunit ... ........... lngers... ~Rand Co
Each 15 schm at 1 in. Hg abs condenser pressure

Condensate and teedwater system

Condensate pumps, 2perunit ... _ . _.Ingerso!-Rand Co
Each 4900 gomn, 1750-hp motor dnive .

Gland-steam condenser, 1 peruntt____._..__ . . .Generat Etectnc Co
600-psrg desrgn 900-sq ft surface

First low-pressure heater, 1 per unit..Struthers Nuclear & Process Co
603-psig tude-sxde design, 100-ps/g:vacuumn she .-s:Ze cesgn,
18.220-sq ft surface, 42.300-hr steam flow ar 7 £5.3-1€ESF
(16:h-stage extracton)

Second low pressure heater, tperunit ... ... . .

. .Struthers Nucl»ea! & Process Co
tube-~srde desgn. 100~psrg/racuum shes-sxce cesgn.
14.142-sq Nt surtace, 155,000 hr steam flow at 16 ps.a’?GGF
({154-stage extracton)

Deaerator. 1perunt...._ ... __Graver Water Cond.toning Co
4 030.000 (b’ hr at 207-F inlet and 357-F outiet wa'er re—>=-atLres
63.000-gal capacity. 12 ft x 107 ft storage tank wn ZT2

srgn, 533.000407 hr steam £ow at 140 psigs696 F (11:5-
tracthon)

Ma:g boderteedpump . tperunit .
. . . Dresser industnes tnc. Pacr‘r‘
11.500 gom at 189 4-pstg suchon and 2358-psrg C:scha
Man doer-teed pump turbine drirve, 1 per un:t
... Wesunghouse Elecing Corp
17.025 hp at 5600 rpm wrth 40-pseg ket steam anz 512 ~3 2>s ex-

S
haus?. ejectrofydraubc vaadle-speed conscl, exn3ust s;e2m con-
densed in man condernser

Stanc oy boder-teed pump, 1 per unit

srage ex-

. . .Dresser Indusines Inc, Pac.bc Po

186 5-psmg suchon, 2024-pswg discharge, Ave stages
Demureratizrer ______ e eeee....Crane Co. Coc~rane Div
50C-5om pnrnarrtreamienr mnn with chionnaior,

235 Oiv

CoiC .19 SChR-

30

~osig de- .

ener and carbon f.lers feeds two parallel trains of demineralizer
esuioment each rated at 200 gom and consisting of a primary
canhcn exchanger, vacuum degasifier, pnmary armon umr and
mixed-bed pohishing deminaralxer

Steam-generation equipment

Bo:ler. t perunit. . . . Riley Staker Corp
4 £52.000 Iblhr ar 1980 ps:g and 995 995F ol fired. balanced-

d-af. front-fired furmace. natural circulation. gas recirculation,
2‘0.000-cu ft fumace volume, 51.660-sq ft boiler and waterwall
surface 532.000-sq ft economaer surtace

Bumers, 30 perunit._..............cc.cocenecen... —FOMey Engineenng Corp
Sream-atcmized type with a:haromrsz gr.iters

Bumer management system, 1 per unit__... Formey Engineenng Corp

Fumace cameras. 4 perunit ... ... Generat Television Corp

A:r heaters 2 perunst .. . Yubda Industnes Inc, Yuba Heat Transtfer Div
Each 570.000 cfm at 4 et and 259-F outlet temperatures. three
ccil banks per heater, 360,000-b/ hr steam at 86 psia’S70 F (14th-
stage extraction)

Forced-dratt fans, 2 Per U ...t e e

. . . .Westnghouse Electnc Corp, Sturtevant Div
Each a:ifod type. miel-vane and outiet-damper flow control,
825.000 cfm at 20.2 m. H-Q stadc pressure and 125-F intet ar,
3000-Hp. 505-rpm mator drve

induced-drafttans 2perunit. .. ...

. . . .Westinghouse qectncCorp Srurtevam Drv
Each autfoil type. oiet-vane and outiet-damper flow control,

1.650.000 cfm at 26 m. H-O static pressure and 525-F inlet five gas;
7I20-hp, 705-rpm motor anve

Gas recirculationtan, 1 perundt ... ..

) . . . Westinghouse Electnc Corp Slunevanl Dlv
Autfol type. inlet-wane a~d outlet-damper flow control, 228.000 cfm
at 20.6 ;. H-O statc pressure and 500-F infet flue gas:; 1000-hp.,
1180-rpm motor drrve

Sootowers, 20 e, D:amond Power Speciaity Corp
16 long-retractable and four ha't-retractadle air blowers with elsc-
trca’ly operated sequenced controfs. S>oiblowers can be used for
wala: washing without modficanhon

Aux..ary boiiers, 2 . _.Combustion Engineenng Inc
Each snop—assem:;ed 225 OOO ID nr ar252psg/525 F

Bo.ler and stack water-wash system... ..Goulds Pumps inc
Two pumps rated 400 gom each at 400—9&9 d:scharge pressure

Fuei-oll system

O.l storage tanks, 4. .Chicago 8ndge & Iron Co
Each cyladncal, u'7 nwlared ﬁxec‘-cofre roof wrth internal fioating
pPan. 200 1 diam x 43 f1 hgh, 225.000-b capacity

Fuekoid daytank 1 ..................Graver Tank & Manutactunng Co
Cytnornical. hxed-cone Do! with istemal flsating pan, 60 ft diam X
38 #1 hrgh, 18000051 capacrty

Fuer~o:l transter pumps 4.

. - Gou'ds Pumps InC

Zacn vertical o"ﬂnra*on cenrrrfu"al rype 1100 gom. 50-tip motor
Crnve. Ncte These pumps are ces:gnec for crucs ol only

Fue—Cipuamps, S perunn R .G..bacoling, Sier-Bath Pump Div
S2zn screw fype 275 gom at 490 psig 200-hp, motor dnive

.2vy-boter tue-ot pumps, 3. .. .Geharcoinc. S:er-Bath Pump Div

Each 40 gpm at 259 ps:g. ane D'Jm;) Qer boder with one standby
un.? 25-hp, 180D-rpm molor dnve

S.732 a30bers.

AL

.Greer Hydrauhcs tnc Greer Otaer Procucts Div

fFour 100-gal surge asscrders per unt. three 40-gal surge absord-
ers o7 auxihary bowers
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