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DYNAMIC MODEL (ODSP3) OF THE

PROPOSED WESTINGHOUSE OTEC DESIGN

1. Introduction

This repdrt outlines thé basic features 6f the dynamic model dé;eioped
tb simulate the performance of.the proposed Wesfinghouse OTEC mbdﬁle. Much
o oflthe information herein contained was préviougly submitted‘to'WestinghouSe
during the model developmeht phase. There have, héwéver, been some important
modifications made to the model (iniconsultation with Wesfinghouse) since thaf
timé.‘ "This repbrt includes ali such modifications'and documeﬁts’the'modgl
cﬁrrentiy in use. - | |

The goal'of this modeling work has béen to provide Westinghouse with
a design tool to be used for asce:taining systgm control reliability and for
fradedff studies on system design variables. Pressure drop considerations
- may preclude the use éf'furbine inlet control and stop valves; for,thig rea-
son; a design involving a turbine bypass valve has been proposed as a solution
to the pfoblgmlbf turbine speed control during a ioés of load condition. - In‘.
‘order to evaluate the adequacy of the proposed conﬁrol scheme, the preseﬁtly
proposed Westinghouse OTEC conceptual design was-modularized (as shown in
.Figure 1) and nodeled.

The above model is applicable to a number of particular cases of interest,
predicting system response to various control actions. The control actions
ingluded as options in the model are:

- Opening of the bypass valve in response to a loss of load condition;

- Closing of control valve CV-1 and'openihg of CV-2 in response to

a loss of load;

- A combination of the above two actions;
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-~ Control of turbine Speed and load by manipu]ation of

va]ye§ CV-1 and the bypass valve in various ways.

Section 2 of this report describes the develophent of system
éompbnenf modeTs.' The following gection (3) shows.how, in an overall
Asehsé, these comboneﬁts are fntegrated into the final model. fhe
séquence of calculations for the initié] (steady-state) condition and
those for the traﬁsient case are presented in some defai1. |

Sectfon 4 is the ODSP3 user's manual, sections of which were
h previously submitted to Westinghoﬁse as the ODSP1 user's manual.

This section outlines program input requirements and general program
‘obe}ation. |
Section 5 presents the detailed flow charts for the ODSP3 package.

Appendix 6.1-B presents the results of a sample brob]em.
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2.0 Component Models

2.1 cConventions Regarding Naming of Variables

In the sections which follow, all'process components will be mod-
eled. To as great an extent as possible, the equatiops presented will em-
ploy the same nomenclature as that found in the ODSP-3 code. For the pur-
poses of this report, however, the use of ODSP-3 vaiiable names could make
a few derivations long and awkward to follow; fherefore, a few séctions.
will be written using standard engineering nomenclature, with only the final
result comverted to ODSP-3 nomenclature. |

All program variables (not including constants) are identified
by a 3 character prefix and a 3 character suffix. The following is a list

of prefixes, indicating what type of variable is being measufed:.

™P Temperature (°F)

PRS .Preésure-(psia)

VFR Vapor flow rate (1lbs/sec)

LFR ' Liquid flow rate (1lbs/sec)

TWA Average water- temperature (°F)

TTB Average tube temperature (°F)

TAV Average ammonia vapor teﬁperature (OF)
MAV Mass of ammonia vépox (1bs) A
MAL Mago of ammonia liquid (1bs)

RPM Revolutions per minmute

The 3 character Quffix indicates the device to which ;he variable
relates, and is keyed to the flowsheet shown in Figure 1. The following .

is a list of suffixes:
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pPC2

MXR
PEL
1
1 MSP| EVP ' cve
HWE
m o T )
PUE
PE3
cvy’
sP1 o
sP2
ers PT2
ﬁ)\
—D<t—
CND BPV
HUC
M\ PC1
PUC
Figure 1

FLOUSHEET FOR
OTEC PLRANT

cva

PCI
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CV1l to CV4 Control Valves

BPV Bypass Valve ~ o
EVP Evaporator

QD - Oﬁndense;:'

HWE Evaporator Hotwell N

HWC ‘ Condenser Hotwell

MSP Moisture Separator ’ » ;

TRB " Turbine A

PUE | Ammonia Recirculation Pump, Evaporator Loop
PUC Main Ammonia Condensate Pump

$P1, SP2 Splitters '

MR Mixer

gEci:ggg } Pipelines

PT1, PT2

Stream variables are named for the unit through which the fluid last passed.
For example, the temperature of the vapor leaving the turbine is called TMPIRB.

2.2 Splitters
At tvwo points in the system, the flow of ammonia can be split.

i

in twvo (at SPl and SP2). 'rhe‘governing equations for the splitters are

simple mass balances:
Flow into Splitter = Flow (1) out + Flow (2) out
For the splitter SP1, this condition requires that:

VFRPE3 = VFRPT2 + VFRPTL (splitter SP1 handles vapor)
- : - (SPL-1)

For the splitter SP2, the equation is:

LFRPCL = LFRPC2 + LFRPC3  (splitter SP2 handles liquid)
(SPL-2)

Rl
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Since physically SP1 and SP2 are nothing more than pipe "tees",

1

the thémodynmnic properties of the fluid are unchanged by splitting, {.e.

TMPSP2 = TMPPCL ~  (SPL-3)
PRSSP2 = PRSPCL (SPL=4)
TMPSPl = TMPPE3 . (SPL-5)

PRSSPL = PRSPE3 - - (SPL-6)

2.3 Mixer

There is cne mixing tee in the system (MXR). The gwendng equa-

tions for the mixer are:

Mass Balance LFRMXR = LFRPE2 + LFRPC2 . (MXR-1)"

mC T, +m,C_ T
ks Nt

”‘1°p1+ s

Enthaléy Balance TMPMXR = (MR-2)

where: m, LFRPE2
m, = LFRPC2
'.l.'1 = TMPPE2 - e
T2 = TMPPC2

Cf = CPAL .I('I’MFPEZ) = heat capacity at '1'1
1 \

cP = CPAL (TMPPC2) = heat capacity at '1‘2
2

"Pressure Balance" PRSMXR = PRSCV4 = PRSPC2 (MXR~3)
' It is assumed that the mixer operates adiabatically and offers
no resistance to flow. The resistance of the pipeline between (V4 and MXR

can be included in PE2.
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The function CPAL(T) is user supplied, and gives the heat capacity

of ammonia liquid (at constant P) as a function of temperature.

2.4 pipelines

o \'me moderl considers flow r;sisgance and tz;ansport lags in eight
‘ sectic;ns Q,f p;lpelline.indicat‘éd 1n.Fi‘gulre‘ 1. .of _these eight gect_ions, five |
norﬁaliy ca.rz'y liquid ammonia (PEL, .I';‘EZ, PCl, ’I_’CZ, PC3) while three are .,
vapor iines (fE3, PT}, -PTZ) . Vhile j:hgreI are certginly‘mprie' than eight.
physic@l.ly distinct sections of vpipe in the actual design, it was felt that
these elght resistances would be sufficient for dynamic simulatien purpooco.
' " The cross sectionsl area for fiow through a pipeline assumed to
be running full is of course A = nD2/4, where D is the pipeline diameter.
These quantities receive variable names in Iacc':ord with the previously de-
veloped procedure, e.g. APCl and DPCl. The fluid veloéity is gi.\}en by ;:he

-relationship:

m ® VFRXXX/(DAV 'AW) For vapor line XXX (p-l)‘

or . VEL = LFRXXX/(DAL * AXXX) For liquid line XXX (P-2)
A Loy

DAV (or DAL) is the vapor (or liquid) density in pipeline XXX. The Reymolds

mmber for pipeline XXX can then be_' calculated as
REN = (DAV)(VEL) (DXXX)/(VIS) For vapor line xxx (P-3)
or REN & (DAL)(VEL) (DXXX)/(VIS3) For liquid line XXX (P-4)

The quantity V1S is the vis\;:osity of the ammonia vapor (or liquid), deter-
mincd from uaér supplied input data. The friction factor for the pipeline |

is calculated from the following:
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16/REN , If REN< 2100 . : Lo (P-5)

FRF = o ‘ .
-3 N . . '-0032 '

1.4x107° + 0.125(REN) If REN 2 2100 = (P-6)

" The pressure drop in a pipeline is calculated based on Darey':s Law'a,"with' |
a correction for head change due to an elevatipn differencebetween the in-
let and exit of the pipeline (Z20X) - When the fluid density is given in

‘lbs/ft: » length (LXXX), diameter and elevation change in feet, and velocit.y

in ft/sec, the pressure drop in the pipeline is given'by.

- -4 (FRF)(DAV)(L}GO{)(VEL) (DAV) (ZXXX)
AP = 4.31x10 =) 1+ loo'cx)g T

(B-7)

The above is for pipeline b.e.0.¢ carrying vapor changing DAV to
DAL makes the relation applicable to liquid lines. Implicit: in this .for_-‘
mula is the assumption that flow in the pipeline 1is isothermal and incqx.:Ax-A ‘
pressible. The assumption of incompressibility is applicable even to the
.ammonia vapor case because of the small pressure drops encouni:ered. Pres-
sure veriations are assumed to be transmitted instantaneously. KXXX is
an "equivalepe' length" factor included tolaccount for the additional fric-
tional losses due to‘ "ben;ls" and other fittings (excepti valw-res) iﬁ the pipeiine.
The delay time ef a pipeline is celcelated from the integral-equation:

Time A
J (VFRXXX) dt = (DAV) (LXXX) (Axxx> . For vapor line XXX (P-8)

or. j (LFRXXX) dt = (DAL) (LXOKX) (AXKX) For liquid line XXX  (P-9)
' Time-TAUXKXX. N

The value TAUXXX represents the time required for a parcel of fluid to transit

the pipeline.
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The quantities DAV, DAL, AND VIS are calculated from fluid inlet
properties. The following table matches pipelines (XXX) with the source

of their inlet.

Pipeline Inlet from Unit
PE1 o ﬁxn
PE2 PUE
"pcl T T pye
PC2- - . m
PC3 o ov2
PE3  Mse
¥l 2 O
PT2 SPl

2.5 Valves

There are four valves included in the model, 3 liquid control
valves (CVl, CV2, CV4), and the turbine bypass valve (BPV). The governing
pressure drop equation is: ‘

' 2
8P = 15776.43) (Asqocx) DALy (Liquids) v-1)
. - 2
B - (KX (VFRYYY) . .
or - &P = T5776.43) (asqrc)) (oavy (VePOR) (V-2)

KXXX is the dimensionless valve coefficient for valve XxX, which also has

a throat area (in inchesz) of ASQXXX. The suffix YYY on the vapor and 1liq-
uid flow rates refers to the imlet to or outlet from valve XK. Theoe valves
and their inlets and outlets are matched in the following table:

. Valwve Qutlet to Unit . - Inlet From Unit
(g} A PC2 ‘ SP2
cv2 ~ PC3 I SP2
cv4 : MR PE2
BPV CND ‘ ' PT2

A valve 1is "closed" by assigning it a very large value of the valve coeffi-

cient KXXX.
10
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2.6 Pumps
The pump models ‘include simple mass balances (LFRHWE = LFRPUE
= LFRPE2; LFRHWC = LFRPUC = LFRPC1) and energy balances. The energy bal-

ance on the fluid in the pump is modeled ‘as:

350

' 350 DAV
PHD = 227 mexx>w or pune = 9 (AL Yw ey

wvhere the symbols have the same meanings as before, wu = pump brake (use-
ful) horsepower, and PHD = total ‘increase in pressure head (psia).
The adiabatic temperatui'e rise in the pump has a frictional heat-

ing component (pump inefficiency) and a flow work component:

Q-WU=AH=CPAT

Thus:

. (.1848) (PHD)

e AT

+ TAVCND . (PU-2)

o (.1848) (PHD) -

and | TMPPUE (DAL) (CPA) + TALHWE | (PU-3)
']!he pump 1s assumed to operate at constant speed; the relation-

ehip between increase in head and flow rate is a function of t:he pump it-

self. These data are supplied by Westinghouse

PHD = PHD(LFRXOXX) . - . . L (PU-4)

2.7 Turbine
An energy balance on the turbine'at steady state (design) condi--
tions requires that the power produced in the turbine (TPWRD) either gol in-

.

to generation of electrical power (NPWRD) or 1nto ‘losses (TLOSSD, generally

'frictional) Thus the energy balance at design conditions (subscripted D) is:

11

11



' TPWRD = NPWRD + TLOSSD  (all quantities in KW) (T-1)

NPWRD is input and TLOSgDis calculated from input quantities. This power
is provided by the change in enthalpy of the working fluid on passage through
the turbine (DHD in Btu/lb) at design conditions (vapor flow rate FRD):

3414 Btu/KwH

. DHD = (TPWRD/FRD) ( 3600 sec/hr B ('I'-:Z)

t

The losses at design conditions are assumed to include a thrust beéring
loss (TBLD), a turbine journal bearing loss (TJBLD), a generator journal

bearing loss (GJBLD), a generator electrical loss (GELD), and coupling losses
(CLD), all in kilowatts. Thus

TLOSSD. = TBLD + TJBLD + GJBLD + CLD + GELD  (T-3)

The pressure ratio for the turbine is given by the rat:id of inlet to out-

let pressures at design conditioms:
PRD = PRSPT1/PRSCND . (T-4)

During a change of load, NPWR, the energy balance on the turbine is modi-

fied to include the kinetic energy going into speeding up the turbine itself:

i“—’-‘—‘ft“'i-l = 2.163x10% (TPVR-NPWR-TLOSS) / (RPMIRE * TTRE) (T-5)

where: : ITRB = moment of inertia of the turbine inmput (lbm-ftzj

RPMIRB= rotational rate of the turbine (revs per minute)
RPMD = 1800 =

t = time (seconds)

______ ‘= TBL + TJBL + GJBL + CL + GEL + WL (T-6)

H
&2
7]
8

?

TBLD (RPMIRB/RPMD) 2

:

TJBLD CRMRB/RPMD)L7
GJBL = GJBLD (RP:ﬂ'RB/RPbﬂ))l"",

CL = CLD mnmn/m>3
12
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The dependence of the various turbine losses on turbine rotational
rate was provided by Ed Graf of Westinghouse (Sunnyvale) who also suggested

the use of the Stodola Eliipse Law for turbine performance:

Defining T2 = RPMIRB/RPMD

TPWR = TPWRD * T2[Kav! - KaY? * T2 + KAY3 * T2 2 [ .3092 + 1. 897;‘:1)11

-3 1/2
J][Pﬁimmm (e T2,

{rro) ™
(e (PR = >> 1.1 then R ) = 1.1 s used.)

vhere symbols have their previously defined meanings and

y=2+ (B0, (T-8) .
1 _ o [1 - EFFDQ - pRDSIYIMYyg .
('?,:Y')nr 2n PRD ‘ (T=3) -

.Y = CP/CV (calcqalted at T (T-10) ‘

P’L’I‘l)

EFFD = &rbii;e efficiency at design, 1np\;t

TLP = polytropic efficiency | A

('? = constant pressure mass heat capacity of N‘H3 (Btu/1b °K)
o C, = constant volume mass heat capacity of NH, (Btu/lb~°F) _

TID,PID = temperature and pressure at turbine inlet, input,
design condition

The mass rate through the turbine is given by:

LFRPT1 =« /'rm [ "‘;i’.fn ] [ (:.:D)J ] ]1/2 (T-11)

13

13
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At less than 1% turbine design flow conditions, windage losses

of turbine, WL, are non-zero, and are given by:

RPMIRB
100

3
W - 8.25x10™* (HBLADE) (DAV) ( ) (DBLADE)” (T-12)

wvhere HBLADE is the blade height and DBLADE the blade diameter, both in

feet. At the zero flow condition of course TPWR = O.

GEL = the greater of:
GEL = GELD (RPMTRB/RPMD)
or

GEL = GELD [exp (2.8658 log, (RPMIRB/RPMD) - .10748)

14



2.8 MOISTURE SEPARATOR

. The volume of the moisture separator is included in the vapor volume
of the evaporator. Conceptually, the separator is considered as a flow resis-
tance component with inlet pressure, thé same as the saturated vapdr>pressure

in the evaporator. That is,

‘ Py ﬁv :
Pexit = Psat(Tgy) K3~ P, A
or .2
my
Pexit - Psat(Tlv)>' K 2
ZpVA

In terms of the nomenclature used in the computer, it is
PRSMSP = PRSEVP - (KMSP*VFRPE3*VFRPE3)/(9276.43*DAV*APE3*APE3)

2.9 CONDENSER

A lumped system is considered in the dynamic modeling of the condenser,
Essentially, only oﬁé horizontal tube will be considered in the modeling asA
indicated in Figure 2. Where the state variables are: Mv’ Ml’ Mi, Tw’ Tt’ and
Tlv' All thé nomenclatures in modeling the condenser and evaporator are

summarized in Table 1.

Due to the specific design, the following parameters can be evaluated

Do = Di + 28
A. = 7D.LN
i icec
A = A.D /D.
(o} ioi
Mo = [(A*A)/2]00,
2,,..
Mw = (HDi/4’“chpw

Then ‘the transient heat balance ¢f water, tube and ammonia can be formulated.

15

15
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“TABLE 1
Nomenclature Used in the Derivations of

Condenser and Evaporator.Models

Nomenclature ‘ ' . _. ' 'Interpretation
In In )
Derivation - computer . . "Units
code
Ai : - ‘ Heat.tranéfer‘area based .on Di (ft)
A *0OTA Heat transfer area based on D (ft)
c cp Heat capacity BTU/lbm°F,
5 .
Di ITD Inside tube diameter ft
Dy ' 01D Outside tube diameter ft
h . - Heat transfer coefficient
h HWT Heat transfer coefficient, BTU/hr £t? °F
wt ‘
water to tube
htv : ‘HTV Heat transfer coefficient, tube 2
: to ammonia vapor : BTU/hr ft© °F
H H  Enthalpy BTU/1b_
k - Thermal conductivity " BTU/hr ft °F
Le LEN Length of evaporator tube ft
LC , .+ LEN ~ Length of condenser tube ft
ﬁw L ~ WERR Water flow rate lbm/s
ﬁv VFR . NH3 vaporlleaving system lbm/s
ﬁzv FFV , NH3 going from liquid to vapor phase lbm/s
b o . . .- . ‘ . .
ml,opt' LEB - :,NHS l}qu1d:;egv1ng.hotwe11 lbm/s
ﬁll , DRN Excess NH, liquid leaving evaporator
o ' " and goirig”to hotwell. : , lbm/s
AHQ " FWv. - Mass evaporation rate from hot well to b /s
vapor m
: e
v - .ng L o=em,

17

17
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TABLE 1 (continued)

18

Nomenclature Interpretation
In In
Derivation computer Units
code
M MLCRWT_ ~ Molecular weight lbm/lbmole
Mw MW Mass of water in tubes lbm
Mt MT Mass of metals in tubes b
My MAI, Mass of N_H3 in 1liquid on.tubes 1bm
Mz MMX Maximum mass of NH3 liquid-on tubes lbm
L ] .
Ml MAL Mass of NH3 in hot well lhm
M MAV Vapor in evaporator, hotwell, and 1bm '
v moisture separator
e NTB Number of tubes in evaporator .
c NTB Number 'of tubes in condenser
| 4 PRS Pressure of vapor v in the vessel psia
«Q q . s
sat saturation pressurc psia
th QWT Heat transterred from tubes to water BTU/s
Qtv Qv Heat transferred from tubes to ammonia
vapor ‘ BTU/s
| °
R GASR Gas Constant, ;54573 ft lbf/lbmole R
t TIME Time s
Tt TTB Average temperature of tube metal °F
T, TWA Average<temperature'of water °F
TRV TAV Average temperature of both liquid and 'oF
vapor NH3 in system
v VAV Volume of vapor in evaporator,hotwell ft3
and moisture separator
v . . VOL Volume of shell side space in evapora-
; shellside tor and hotwell and moisture separator £
z Length,measured from water inlét ft

18
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TABLE 1 (continued)

Nomenclature ~ Interpretation _
In In . N
Derivation computer Units
: code
Greek Letters
p . | DEN Density lbm/ft3
Y' GMA Transit éime 5
L ZTA Length constant ff
A LMDA ,: Latent heat of vaporization BTU/1b_
s -DTB Tubé wall thickness ff

Subscripts
\'

L

HW

in

Vapor;
Liquid NH3
Water '
Tube

Hot well

Inlet

.Vaporiiation from hot well

19

‘19
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2.9.1 HEAT BALANCE FOR WATER

MC — =-Q. *+mC (T (0,t) - T(L,t))

it is

Q,, = hy Ay (T,-T,)/3600

where Qtw is the heat transferred from tube to water.

(CND-1)

In compatible units,

(CND-2)

The second term at right hand sido of the heat balance equation considers the

incoming and outgoing enthalpies of water of the condenser tube.

The outlet

water temperature T(Le,t) is related to the inlet water temperature Tw(O,t)

and the vapor temperature Tlv(t)‘

This relationship is accomplished by writing the steady state water

and tube heat balances. These balances are, respectively:

" Water heat balance

( ﬁwcw ) dT_(2)
= ~——— =T (z) + T _(z) = 0
nDihwt dz W t
Tube heat balance

hoo(T,(2) - T.(2)) = h (T (2) - T,)

Eliminate Tt(z) to get

_ dTw(z)
¢ dz ' T"(Z) - Tlv
1 1L ](mC
where ¢ = length constant I |t~ + ;= wa
wt tv m i

The solution of this equation evaluated at z

L

[

. Lo/t -L/t]
T, L) = T,(0e € 4 l1-e T, -

20

is

(CND-3)
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This is the outlet water temperature at steady state. To approxi-
mate the dynamic behavior, the transit times of water and vapor are introduced
as time delays. The transit time of water through the condenser tube from

z=0 to z = Le is

M

w
Y = & .
m

(CND-4)
w

The averaged time delay is half of y. As a result, the outlet water tempera-

ture can be presented as

-L, /¢ -L /T

T,(Lest) = T, 0t-v)e & + (@-e T (t-h - (eND-5)

In summary, the water temperature is

dT .
ﬁ = ﬁ-l-é— [- Q¢ * MC,(T,(0,1) -Tw(Le,t))] (CND-6)
W w

where th is stated in equation (CND-2), Tw(Le,t) is in equation (CND-5),

¢ and y are defined in (CND-3) and (CND-4), respectively.

2.9.2 HEAT BALANCE OF TUBE

The heat balance of tube at transient condition is

Ty 1 .
& g, [%t - Qtv] (CND-7)

where =h A (T - Tlv)/3600 ‘ (CND-8)

QtV tvo 't

th is stated in equation (CND-2).

2.9.3 HEAT BAIANCE OF AMMONIA

The enthalpy balance of ammonia vapor, liquid on tube and liquid in

hot well can be stated as
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]
dM d(Mg + Mg) dev

v
H — +H, —M— !
vV dt £ dt * [Mvcv * (ML * Ml)cﬂ,] dt

(BP) _ pt

s () (t) , = (BP)
= Qtv"mv Hv 4'mv Hv JL,outHl

(CND-9)

where superscript t is for turbine, BP for bypass valve .discharges to the
condenser.
To do the calculations, the state equations for the \va_por mass, liquid

mass on tube and liquid mass in hot well have to be presented.

2,9.4 MASS BALANCES

The vapor mass balance is

aM ‘ ;

v . . *+(t) , =(BP)

w mo +m."0 +my . (CND-10)
Mass balance of liquid ammonia on tube is

sz . . ; ' ' '

?t_ = m - My , and (CND-11)
mass balance of liquid in the hot well is

dM;' . ot -

d—t_ = Mgy - ml,out . (CND-12)

2.9.5 DERIVATION OF THE STATE EQUATION FOR VAPOR TEMPERATURE

The state equation for T,, can be derived from equation (CND-9) with
the ussumption that the vapor in the condenser is in the saturated state

and that it also follows the ideal gas law. That is,

psat(TJZ,v) = MV

dM MV 3P P (T,) | dT
Therefore, —~ = = T_l_( sat) ) sat2 v o
dt v T T dt

(CND-13)
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-A

6.1

s (CND-11) and (CND-12) can be combined as (CND-13)

dify e M) L
dt = Myp T M out
Equation (CND-9) becomes
~ dT
e  (t) _ =« (BP) . . ! v
Hv(.mvz tmytem ) ¢ Hpm - ml,out) +C dt
- e (t),(t) , =(BP) (BP) o
= Qy *my CHT ey H, - mz,outﬂl
where C = MC + (M, + M;)cz, (CND-14)
or -(H.-H)m , + C Moy _ +Q o+ @B gy oy (BP) y yn (BP)
v 2 ve dt tv v \AY, v o vli'v o

Using equations

(CND-10) and (CND-13), ﬁvl can be expressed as

L] [ ] L] dM
T L
dt
L] L] A dT
- m(t) . m(BP) - B Lv
v v dt
. MV 3P P __(T,.) *
where B z — L1 [_sat _sat v (CND-15)
R TZV oT T T 2
Ly Ly
In addition, the latent heat of vaporization A can be used. That is,
A = HV - Hz (CND-16)
NGO (t)
and uv' - Hv cv(Tv - Tzv)
(BP) (BP)
Hv - Hv CV(TV - T

2v)
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Finally, the state equation of vapor temperature is

(BP)

o [+Qw + cV(T‘(,t) -_Tzv)ﬁ,\gt) + Cv(T\EBP) - Tlv)';lv . )\(ﬁl‘(’t) f;n‘(,ap))]

dt (AB+C)

where A is stated in equatlon (CND- 16), B is -in equatlon (CND 15), C is

in equation (CND-14) and 0t is in equat1on (CND- 8)

2.10 EVAPORATOR MODELING

The modeling of evaporator is similar to that of condeﬁser. The.
difference between them will be presented here. 1In ﬁodelingAthe perférmance
of the evaporator, the possible flashing of"liquid from»the.tube~and from - -
the hot well will be considered (which is likely to occur when fhe vapor
bypass valve opens rapidly). However, when vaﬁof~pressure,increases, the
condensation of vapor on liquid is assumed to occur at a very slow rate and
is neglected. Therefore, there is one new state variable, Tuw for the
temperature of liquid in hot well, in add1t10n to the six state variables
s M

used in condenser mode11ng (e.g., T W’ 1 0 and M ). The suheméa

Tive

tization of the evaporator model is shown in F1g 3.
The same state equations for Tw and Tt,ln condenser modeling can be

used in evaporator mudeling. Similar state equations for Mv; Mz, MHW can

be constructed as thosé for condenser.

2.10.1 MASS BALANCES

de * * [ ] . . ‘
. LS W W | . (EVP-1)
dMR' . . . .
Tt Ma,in T Mav T Mg B ’ (EVP-2)
dM

HW . . .

dt = Mee T My " M, out (EVP-3)
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CHW -

Figure 3

Evaporator Model .
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2.10.2 HEAT BALANCE OF LIQUID ON TUBE AND VAPOR IN VESSEL

" The enthalpy balance is

EE&-+ H ii-bf!w “M,C, + M.C.) Mgy
L dt v 'dtf“.t A VvV dt

-

Qy * Hy sn™e,in * Huw™v ~ Heee - BTy

or

dr 1
2 Q, *+ Cg 11Ty i7-Tp)0
dt M2C2+MVCV £,in " L,in "’ L,in

* v Hw( HW™ Rv) -Hv -A(Tlv)mle

2.10.3 HEAT BALANCE OF LIQUID IN HOTWELL

4T -
MoCc. — o ¢

HWCHW g T

2 Ty =TawImgg = A(T,

oW Py,

or

ATy

1 , . .
A [Cn(Tznguw)mzz - A(Tﬂw)mﬂv]

2.10.4 CONSIDERATIONS OF FLASHING OF LIQUID

(EVP-4)

(EVP-5)

(EVP-6)

During the operation it is necessary to know about the instantaneous

vapor pressure in the evaporator such that the occurrence of flashing from

liquid which is on the tube or in the hot well can bc monitored.

This is

accomplished Ly assuming that ideal gas behavior for the vapor and the deri-

vations are as follows:

Using P = (MVRTQV)/(MY) (ideal gas law), then the time rate of change

is .
.d-g = P -];_de + 1 dTg'v - .1_2!
dt M, dt Ty dt y dt

where the vapor volume in the evaporator is
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V' " Vehell side - M/Py - Myw/Puw
or

dt Py dt T Py dt

Using the appropriate mass and energy balance equations (EVP 1, EVP-5,

EVP 2, EVP-3), the equation for P becomes

P _ pll (m, + nm
dt M, “av My ~

T mcmey Ryt CeLin(T,in Tew™e, in*Cv, mv Thw T o) Py -2 Ty IMgy)
AV A A AV}
1 1 . . . 1 .
* 71:52 (Mg Mev™e,in) * B g ooy, -y out)}; ' (EVP-7)

By comparing the calculated vapor pressure in the eﬁaporator with the
saturation pressure of the liquid on the tubes or in the hot well, the con-
ditions for flashing, evaporation or condensation can be justified. As stated
before, the condensation of vapor in the evaporator is neglected for the

present treatment. Therefore R

1
(=]

(1) 1£f P> psat(Tlv) then mvg = (EVP-8)

(2 1f£. P> P (T

1
o

) then &Hv = (EVP-9)

Whern flashingvoccursathe liquid ammonia evaporates rapidly while its
teﬁéerature decreases. The rate of pressure reduction in the evaporator will
_be léss than the rate expected by considerihg that fhe vapor and liquid are
.in thermodynamic equilibrium. According to this, the rate of pressure reduc-

tion can be written as

(3) 1If p i-psat(Tl) , flashing will occur and

27 27



6.1-A

dP - apsat dTlv + g G. > 0
dt oT T dt 1° 1 -
v

where o is a "slack" variable whose value must be greater than or equal to

zero. Using the equation (EVP-7) for 14 get the condition

dt ’
For p < psat: (T,Q,v)
P ( a"sat) |
p Tov o JToy. P |
M MC +MC A(Tg,) - Voo | Mav
v el T Yy
P (”sat) , |
T, ~ |\ 9T T
P v v p .
+| — + (9 (T,,-T,.)) -—— |nm
M v,HW* "HW “Lv Vp Hv
v M!,C!L + Mvcv HW
P - (apsat>
I P PR BV WL L '8 S
Vp, Vo L2 tv
HW £ . M!,CZ + M va
P - (apsat)
T oT T .
Lv J'AY p .
- o, + : Cy : (Ty =Ty ) + 50— M, .
1 £,in " £,in "v Vp %,in
MR,CQ, + Mvcv ’ L ’
P . p R 0 ’
|V Prow W T 0 (EVP-10)

Similarly for the hot well of evaporator,

4) If p < psaL(THw) , then flashing will also occur and

dpP - aps at dTHW ‘g G. >0
dt oT T dt .22 *
HW
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Using %% from equation (EVP-7),get

P Tov P e

- | —_—— ] A(T,.) - +— |m
Mv Mzcz + Mvcv v sz Lv
( P ) . (apsat)
N S U 17 (T, -To) - m— + T T
MV MQC2 + Mvcv V,HW* "HW " 2v Vpr MHWCHW
(apsat)
aT
P P TH .
+ - - Co(T, -T..) |Im
Vpr sz MHWCHW LY v "HW Le
T T
Lv v
T v Uy "% v we €y . (Ty . -T, ))
Mncl + MVCv tv 2 MQCR + Mva £,in* £,in v

A D N S
sz Vpr £,out Mv v

(5) Both o, >0, 0,20 are slack variables.

In addition, we have
. : . .

(6) mlv >0, mHv >0, mzz >0 5/

2,10.5 CONSIDERATION OF LIQUID DRYOUT ON TUBES i

AT

HW | "Hv

(EVP-11)

(EVP-12)

(EVP-13)

The evaporator may operate at low recirculation rate, and the tube may

experience. partial or complete dryout during transients:

The heat transfer across the liquid films is mainly controlled by the

heat conduction through the film. -Therefore the heat transfer coefficient

of the film can be related to-the liquid-film thickness f by

29
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.
h = .

\

According to this, the total liquid mass staying on the tubes will have a

maximum amount equal to
* k ’ '
Ml = AF-Aopz Tz o ‘ . (EVP-14)
v : v

Folluwing the lumped modcl of thc cvaporator, when liquid feeding rate
1s hlghux thair that rcqu1rcd for ma1nta1n1ng the max;mum load M the rxYtra
liquid will draln to the hot well instantaneously. That means
i)
dt

(7) If M, >M, , then

o 2 My <0 . (EVP-15)

The other extreme condition is the complete dryout of the film.
That is,

(8) If My 5_9» ’ Fhen mg =0

and My 5-m2,in s (EVP-16)

The heat trancfer coefficient may decrease as the dryout starts to
occur on the tube. However, since we do not know exactly the specific h
and Re relationship during dryout on a horizontal type bundle, it is sug-
gested here to use a constant heat transfer coefficient when tubes are not

completely dried. Thus

) Qtv tho(Tt TEV)/3600 . (EVP-17)

When the tube is completely dried the heat transfer is assumed

as zero.

(1) If @y ; =0 and My <O, then Q =0 . (EVP-18)

30



A

6.1

2.10.6 METHOD OF SOLUTIONS

With all the above constréints available, the calculation can be per-
formed with various IF statements in the computer program to select the appro-
priate operation conditions. However, a general scheme is-developed to. sim-
plify the selection procedure. Considering the linear property of the above
constraints (linear in variables'ﬁlé, ﬁi;, ﬁﬂv, Qtv’ o and 02), these ten con-
straints can be included in the overall calculations by solving a simple
linear programming problem. | |

Tested with various operation cénditions, ihe 6bjéctive‘function of.

the linear programming is formulated as
Maximize (Qtv - ucl - Wo, - mzz)‘ ~ (EVP-19)

where pu is a large positive number. Thus one, at least, of the slack variables
o's will be set to zero during the calculations if either or both of the

corresponding constraints (EVP-10) or (EVP-11) are binding.

31

'31



32

6.1-A

3. THE PROGRAM ODSP3

4 Figure'4 gives an overview of the program structure for ODSP3. At the
upper level is the main program which directs the overall activity.needed to
produce a simulation. Four major tasks comprise a simulation: (1) Input of
data, (2) Calculation of thg original steady-state values'for‘al; variables;
(3) Simulation of the dynamic behavior of the system and (4) Output‘of
simulation results.

Flow charts for all the routines are given in Part 5;
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MRIN PROGRAM
INPUT STERDY rN'ns"rP DHF‘C.G
RDARRY||READU FCT cUTPR
SORT [srm.x] [ORDER—I [cm_cz]
VROSAD ouTPUT

MB11RD CALFUN QUTPTIH| [AUTPT2
FCT1 FCT2 FCT3

MAIN STRUCTURE

OF

QDSP3

Figure 4
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3.1 DATA INPUT

Data input to set up a simulation occurs using subroutines INPUT, RDARRY,
SORT and READU. The user's manual for ODSP3 appears as Appendix A. This
manual indicates what data are needed and the order and format in which to

enter it. The data entered are the following:

1. Print control flags.
2. Pipeline data, giving geometry of all segments of pipe
which connect the equipment together.
3. Valve data, giving throat areas.
4. Pressure drop constant for moisture separator.
5. Pump head vs. flow rate tables, both pumps.
6. Condenser and evaporator geometric déta, water side
data, heat transfer coefficients.
7. Turbine geometric data, model coefficient data.
8. Initial steady state data.
© 9, Initial dynamic simulétion data.
10. Physical property data tables.
11. Input of independent variables versus time for control
(valve K values and electricai load)’

12. Simulation time data.

The data input is accomplished principally in suBroutine INPUT, with
physical property tabular data read in and sorted (if necessary} using RDARRY
and SORT. Subroutine READU is used to input the independent variables versus

time, items 11 above.
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-3.2 STEADY STATE CALCULATIONS

The_steady state calculations performed for the OTEC model aséuﬁe all
equipment geometry is input by the user. Aisb given are tﬁe amhonia Qapor
flow rate through the turbiné gnd ;he'fléw of liquid ammonia.recifchlating
around the evaporator (through pipeiine PE?).' ‘

The calculations for obfaining a steady state use subroutines STEADY,
VAG5AD, M§11AD, CALFUN and FCT3. STEADY directs the calculations: The
equations are nonlinear and requi:e iteration %o solve some of them, Tﬁe
AERE Harwell subroutines VA@GSAD and MB11AD are used to effect this solution

by iteration. The routine VAPSAD is a sophisticated numerical routine which

can solve the problem

. m
Min :E:'fg(xl’XZ""’xn) .
XpaXge s Xy j=1
When n = m , the routine will adjust n x; variable values to drive n func-
n :
tions fj to zero (as that would be the minimum of I f?(xl,...xd) ). To

j=1

use VA@S5AD, the user supplies initial guesses  for the variables X)»X X

2"
VA@5AD will call repeatedly a user supplied subroutine named CALFUN to
_evaluate ali the functions fj(xl’x2""’xn)' i=12,..,n, for each call.

VAZSAD adjusts the values of X)X X, before each call, searching over

200
these values to find the correct ones to drive all fﬁnctions fj(xl,xz,...xn)
to zero (By driving Zf§ to zero). leutine MB11AD is used by VA@SAD and
need not be described in any detail here. User supplied routine CALFUN ~
however is of interst. A three way switch occurs in CALFUN to caﬁée thé
appropriate routine FCT1l, FCT2 or FCT3 to be called. During steady stateA

‘calculations, the correct routine to be called is FCT3; the other two are

used during the dynamic simulation part of ODSP3. FCT3 receives guesses for

35
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“tear" Yariables xl,xz,..,xn and evaluafe§ a set of tear functions (error
functions) fl’fz""fn appropriate to solve the steady staté nonlinear
equations.

The steady state calculations proceed, briefly, as fﬁllows. First,
because the mass flows are input data, the stgady state mass -flows in all
the pipéline; can‘be'established. The flows are iero in the bypass line
PT2 and in the line PC3. With flows established, the next task is to Qet
the pressure levels in both the evaporator and condensgr so the heat trans—
ferred in each will produce exactly Lhese flows. Tor example thc cvaporator
pressure must be set so that, via the heat transfer mechanism modeled in it
(which invelves AT driving forces), the exact amount of heat transfers as is
needed to vaporize the ammonia flow through the turbine. Pressure affects
the vapor temperature, which must be the saturation temperature corresponding
to the pressure, and the higher it is, the smaller the AT driving force in
the evaporator, and thus the smaller the heat transferred. The vapor flow
out is user specified so the pressure must be set to cause exactly this flow.
Similarly Lhe pressure in the condenacr affocts tho temperature level of the
vapor in thé condenser. Thé lower it is assumed, the lower the saturation

temperature and the smaller the AT driving force to cause heat to flow from

‘the condensing vapor into the cold sea water. Thus, lowering PRSCND (P in

the condenser) lowers the heat transferred. With the flows set, the pressure
must be adjusted to condense all the incoming vapor.

After pressures are established, one must adjust something in each flow
path ( (1) the pipeline from the condenser to the evaporator, (2) the recir-
culation line around the evaporator, (3) the flow from the evaporator throuugh
the turbine to thg condenser) to cause exactly the right pressure drops in

each for the flows required.
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The pressure .losses for thé givén flows are calculated everywhere
except in valves CV1, CV4 and through ihe turbine. The losses in-eagh of
these devices are required to be those just established and for CV1 and CV4
the throat areas of the valves are adjusted. The design pressure ratio of
the turbine is computed and set as the adjustable parameter in its line.
‘Because of secondary but not negligiblé temperaturé effects of the pumps
and turbine, the above calcplations‘are actually imbedded in a computational

loop. The order of the entire steady state calculations proceeds as follows.

(1) All flows are established.

(2) Values are guessed for the tube temperature in the evaporator,
TTBEVP, the temperature of the ammonia vapor in the condenser,
TAVCND and the temperature of the inlet liquid to the evapora-
tor, TMPPEl. These are rescaled by dividing by nominal values

so the variables seen by VA@SAD are 'nominally" 1. in value.

VA@SAD calls CALFUN which calls FCT3 repeatedly to solve basically for
the pressure levels in both the condenser and evaporator. Calculation starts
with the evaporator and moves counterclockwise around the system, The error

functions (eyual in number to the number of guessed variables) are

(1) difference between given and calculated flow of vépor out of
the evaporator (calculated vapor flow reflects heat trans-
ferred in evaporator)

(2) difference between given and calculated liquid flow out of
condenser

(3) difference between guessed and calculated temperature of

liquid stream entering evaporator.
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VAPSAD adjusts the guessed variables (TTBEVP, TAVCND and TMPPEl) to drive
these errors to zero.

After thé'pressure levels are established, control returns from VA@SAD
to STEADY, where thé remaining noniterative calculations occur. These in-
clude setting internal variables.fof;evaporator and condenser, calculating.
pressure losses so the throat areas of CV1 and CV4 can be set and establish-
ing the calculated design pressure ratio of the turbine.

Values for all thelvariables are saved at this point, at a large n;ga-
tive time (-100@¢0 secs), Upon starting the dyhamic simulétion they are
resaved at'time equal zero. Thus for very early iimes in the dynamic simu-
lation; variable values needed, because of time delays, are readily found

even before time equals zero by linear interpolation,.

3.3 TRANSIENT CALCULATIONS

After the steady state calculations are completed, control returns to
the main program. Before initiating the dynamic simulatién,,the times are
found at which any one of the independent variables (K's for valves and also
the electrical load on the turbine) has a step change in its value versus
time. At these times one can be assured of discontinuities appearing in
the derivatives to be evaluated for the state variables. Thus the simulation
will be stopped and restarted at these points in time because the restart
procedure of the integration routine can tolerate these discontinuities,
wheroas the "predictor" "corrector" procedure used after starting will have
numerical problems. The subroutine FNDSTP locates the times for each of
these steps and records them in the table TIMSTP.

The dynamic simulatian uses §ubroutines DHPCG, FCT, SMPLX, ORDER,

CALCZ, VAPSAD, MB11AD, FCT1, FCT2 and OUTPUT.
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- DHPCG is a routine from the IBM SSP package of subroutines, and it is a

Hamming-Predictor/Corrector integration package for numerically integrating
first order ordinary differential equations. Acopy of IBM's documentation
for it is in Part 3.

DHPCG, once started, will integrate forward in time a system of ordi-
nary-first order differential equations (state equations) from an initial

state; the equations are of the form

dxi
'd—t— = fi(xl,xz,..,xn,t)
x.(0) = xo given
i i
i = 1,2,...,n

/A user written routine called FCT is called by DHPCG, repeatedly to evaluate
f;(xl,xz,...,xn,t) for values of xl,xz,...,t . supplied by DHPCG. Because
it is a predictor/corrector scheme, the values of t supplied may repeat or
even decrease as the routine iterates and/or reduces or increases the inte-
gration step size.

Subroutine FCT has the overall task of supplying the RHS's (Right Hand
Sides) fi(xl,xz,...,xn,t) to the state equations. However to do this
really requires solving a moderately large set of nonlinear algebraic equa-

tions at each request as the form of the real simulation problem is

Solve
dxi )
E;— f(xl,xz,..,xn,zl,zz,..,zm,uluz,..,ut,t)
subject to- gj(xi’"’xn’zl""?m’ul""ur) = 0
where i=1,2,..,n, j=12,..,m.
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The variables z, to zm;are-algebraic variables whose values are determined
by solving the algebraic equations -gj =0, j=1,2,..,m, They dare thus
functions of the state variables X5 and the variables U The Uy variables

are the user supplied independent variables whose values must be specified

versus time by the user. An example ‘is the user specifying the valve con-

. stant K., versus time. Thus the'uk variables are strictly functions of

time and act a3 paramcters to thc problem, giving the problem the desired
form:
Solve

dx
dt

f(xf,’zj'(xi’uk(t))’t’ £=1,..,n, j=1,..,m, k=1,..,,1r).

n

f(xz,t, 2=1,2,...,n) .

The routines SMPLX, ORDER, CALCZ, VA@S5AD, MB11AD, FCT1 and FCT2 are used
to solve for the variables zj in terms of all X; and LY by solving the alge-
braic equations gj; |

On entry into FCT, the algebraic z variables are Found which are asso-
ciated with the two majo; flow paths ((1) vapor NH3 from the evaporator through

the turbine and bypass lines to the condenser and (2) liquid NH, from the

3
condense; to the evaporator plus the recirculation flow of liquid NHS from the
evaporator hotwell back to the evaporator). The flows, intermediate pressures
and temperatures can be solved along each path separately. Iteration in both
cases guesses flows and adjust these to get the correct total pressure drops.
Thus CALCZ uses VA@SAD once with FCT1 to solve for the conditions in flow
path (1) and FCT2 for flow path (2). With all flows into and out of the

condenser and evaporator known, then control returns from CALCZ to FCT. FCT

then solves in turn for the internal flows of heat and material for the
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. evaporator (using routine ORDER and SMPLX) and for the condenser. The model-
ing equations for the evaporator are in Section 2.10 where a number- of differ -
.. ent operating modes are stated, :such as: (1) the tubes are dry, (2) the tubes
are fully loaded with-NHS, (3) the tubes are partially loaded with NHS’
(4) no liquid is entering the cevaporator, (5) liquid is entering but insuffi-
cient in amount to ﬁatch the vaporization rate or (6) liquid is entéring in

. excess of the evaporation rate, etc. By checking (in routine OUTP) -various
conditions at the start of each complete integration step taken by subroutine
DHPCG, a number of flags are set which indicate which inequality and equality
constraints are to hold during that step. Thus if the tubes are fully loaded

. dam
with NH3 liquid, then the flag is set requiring the ——&-i 0 for the

dt
evaporator, i.e., that the amount of liquid on the tubes cannot increase.
Using these flags the correct inequalities and equalities are set up, all of
them 11near in the internal heat and material flows within the evaporator,

in subroutine order
To decide on internal flows, these constraints are reordered+to put them into

the order: (1) all greater than or equal ;snstraints, (2) all eqﬁaiities,
(3) all less than or equal constraints. -Also any of the iﬁequalities are
reversed if their right hand side is negative by multiplying through by -1.
Equalities are -also multiplied through by -1 if their RHS's are hegative.
The routine SMPLX, an available debugged but not very elegant Linear Program-
ming routine, requires the above order for constraints and also requires
positive right hand sides.

The return from SMPLX gives all internal flows (622’ ﬁ&v’ th) as well

as the heat flux (Qtl)-Within‘the evaporator. The RHS's of the evapdrator

"state variable equations are then calculated.
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The routine FCT continues by solving for the internal heaf and mass
flows within the condenser. Also the RHS's are calculated for the céhdense;.
The last step is to calculate the RHS for the turbine state variable equation A
for d(RPM)/dt; return is then made to DHPCG.

After combletion of an integration step (which usually fequires two
calls but may have invéived several cails to FCT to adjust Lhe Lime slep taken),
DHPCG calls user supplied roﬁtihe OUTP.- In this routine tlie user can write out
results and/or save thém. In the ODSP3 system, results are saved, However
routine DHPCG supplies values for only the state variables so OUTP must call
CALCZ to evaluate the z variables for the two flow lines. It is here thaf
the decisions are made as to whether the tubes are dry or full or partially
full, etc.,, for the evaﬁorator for the next time step. All variables are

saved if the time equals or exceeds the time at which the next saving of values

is requested via the user input (Variable DTSNP).

The last phése of ODSP3 is the printing out of the simulation results,
which is accomplished by the MAIN program calling OUTPUT. OUTPUT simply
decides whether to call.OUTPTl and/or OUTPT2 based on the value of user input
variable PCKOUT. (See first cgrd{ Appendix A.) OUTPT2 outputs all of the
variables and is executed first if requested. The format is inelegant, as
this option is an aiq fbr debugging. OUTPT2 outputs a selected subsct of

variables with English headings;

42



6.1-A

Section 4

User's Manual

PC2 .

I MXR
PE1
I,
{nsP| tvp CvVe
HIJE
g 2 ' PE2
PUE
|PE3
cvx"}E
SP1 .
SP2
IPTs pT2
. l
SN
CND BPV
HuWC
1\ PC1
PUC
Figure 5

FLOWSHEET FOR
OTEC PLRNT
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All program variables (not including constants) are naﬁed in

following manner:

1-

2~

Each name comprises a 3-character prefix and a 3-character suffix.

The prefix is one of the following:

Yyl Temperature

‘PRS - Pressure

VFR Vapor flow tate

LFR Liquid flow rate

TWA Average water temperature

TTB Average tube temperature )
TAV Average ammonia vapor~temperatﬁre

MAV - ¢ Mass of ammonia vapor °

MAL Mass of ammonia liquid

RPM RPM

The suffix is the 3-character code for the device to which the variable
relates (see Figure 5). S ;

Cvl to &4 Control Valves

DV Bypass Valve

EVP Evaporator

CND - Condcnacr

HWE Hot w?ll, evaporator . v . e
HWC Hot wé}l, condenser S

MSP Moisture separator .- T

TRB Turbiﬁe

PUE Pump for recirculating NHj, evaporator
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PUC Pump for transferring NH, out of condenser

SPl- Splitter for flow through turbine and bypass valve
SP2 . Splitter to allow liquid NH3 éo leave syétem :
MXR- | Miser

PCl-3 . Pipelines following condenser

PEL1-3 Pipelines around evaporator

PT1;2 Pipelines around turbine

4~ The yariables'ére named for either the unit in which they occur or the
units from wuhich they exit, e.g., the temperature of the stream leav-

ing PC1 is called TMP PCl.

Data Input Cards for ODSPI (OTEC Dynamic Simulation Package, Version 1)

The content and format for the data input cards follow. Many of these
data are entefeq in tabular form, with Eﬁe-fable,alwavs entered in . the
following format. Ea ch‘éard for ché tabie'has two entries, the first being
fhe value of the independent variaSle and;the second being the value of tﬁe
dependent variable. Up to 19 pairs of values may be entered. The iﬁput of =2

'table is‘terminated by entering a card containing the number 1.6D2@. The
card formats are -

Table entry (2p10.4)

Termination card (D10.4).

Déta input cards for.ODSPl, OTEC Dynamic Simulation Package, Version 1.
First card ECHO FLAG EUCER T L ' e

. =0 do not ECHO print the input cards

>0 do ECHO print all input cards

<0 do ECHO print ali input cards, -

except those entered  as tables

45
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Next Cards

6.1-A

PCKOUT FLAG

=0 execite pitkit rpitome PITAT;
(outputs a selected set of variables)

=/= 0 execute output routine OUTPT2-

(outputs all wvariables)

FORMAT (215)

One card for each pipeline. Each contains the following

4 data items:

L

K

Length of pipe, ft.

K for fittings, entrance and exit

effects, etc., dimensionless.

Diameter, in.

Vertical rise ip:pipe from entrance to exit

(negative valve says pipeline falls in elevation, ft.

Format (4D10.4)

Enter one card for each of the following pipelines:

Next card

1. Ppcl
2. PC2
3. FC3
4. PEl
5. PE2
b, PE3
7. PTL
8. P12
Acvl
Acv2
ACv4
ABPV

)

Throat area of CV1, in
" " [1] CVZ, ?l
" " 1"t Cv[" [1}

1" " l"~ BPV, "

Format (4D1¢.4)
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Next card

Next cards

Next cards

Card 1
ITD
01D

LEN

CTB

DTB

Ccard 2

VOL

6.1-A

KMSP The equivalent of a valve constant to calculate

pressure drop for the moisture separator, MSP.

Format (D1§.4)

Enter in "Table Format' (See page 1)

mass flow rate (1bm/sec) vs‘pressurc héad,produced (psia)

for the two pumps, PUC and PUE.
Table

1 in vs Head for PUC

2 in vs Head for PUE

Condenser and Evaporator Data Input

Enter two cards for the condenser and then two for the

evaporator, each containing the following data items.

Inside tube diameter, in.

Qutside tube diameter, in.

Length of a tube, ft,

Number of tubes

Heat capacity of tube material, Btu/lbm o.F
3

Density of tube material, 1bm/ft

Format (6D19.4)

Total vapor volume for unit (including vapor volume

of

moisture separator (if appropriafe) and hot wells), ft

Fixed water flow rate through unit, lbm/sec

Inlet water temperatufe, OF '

Water/Tube heat transfer coefficient, Btu/ft2 hr °F

2
Tube/Ammonia heat transfer coefficient, Btu/ft hr

Format (5D1¢.4)
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Ngkt»cqrds Turbine Input Data t; cards)
Card 1 |
1TRB Moment of inertia for turbine plus
| DBLADE Blade diametern fE{'

HBLADE Blade height, ft.

Format (3D16.4)

Card 2
KAYJ), KAY2, KAY3 v KAYI-KAY2*I‘1+KAY3*T1*T1
Next cards Two cards to,défine initial steady state
Card 1
FRD Design flow rgté-of NH, through turbine, 1lbm/sec B

LFRPE2 Flow of liquid NH3'reéirculating around evaporator
through PUE and PE2, 1lbm/sec
RPMD Qesign RPM for tQ:bine
Format (3D16.4)
Card 2
NPWRD  Desigin net power for turbine, kW
TELD |
TJIBLD
' Losses in turbine, kW
GJBLD
CLD
EFFD ﬂ;at design for turbine, diméhsionlessf
Forwat (bDM.&) _ | |
Next card Input to InitialigevT:ansient Qalcﬁiapions
MALHWE Mass of ammonia liquid initially invevgporator hot well,
. .HwE’ b . : o S

MALHWC Ditto for condenser hot well, HWC, 1b
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PRSPC3 Pressure of exit of ch; the pressure of the external NI
Next Cards

Table Independent Variable

‘ 1 L]
o > . o
2. T, F Cp of NH, vapor, Btu/lbm " F
3. T,~°F YlECp/Cv of NH3 vapor, dimensionless
4, T, °F Density of NH3 liquid, lbm/ft3
5. T, °F  Cp of NH liquid, 1bm/£t>
6. T, °F Viscosity of NH3 liquid, 1bm ft/sec
7. T, °F . Thermal conductivity NH3 liquid, Btu/ft hr °F
8. Saturation T, °F Saturation P for NH3,»psia '
9. = saturation T, °F dp__ /dT for NH,, psia/°F
* ? sat’ “sat 3
.10, Saturation t, °F Heat of vaporization for NH3, Btu/1lbm
Next cards 'éontrol Variable Inpuﬁ

6.1-A

storage vessel, psia.

Format (3D10.4)

3

Physical Property Data Tables. Each physical property data

table is entered in 'Table Format" (See pége 1). Enter data

for following physical properties.

o

Dependent Variable

T, F Viscoéity of Ammonia Vapor, lbm ft/sec

Control variable input is given in '"Table Format" (See page 1).

The independenf variable ‘is always "time' (seconds). To repre-

control variable value, the value just before the step and, as

the sacond, the value just aftar the slep.

repeat the time at which the step occurs, giving, as the first

an esample 1is:

. ‘ " .
time - Base Value, BV Amplitude, A Frequency, £

9.0 o2 ol
0.5 2.7 0.1
8.5 ¢.9 0.1
2000, p.0 0.1

49 -
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.sent a step change in the value of the control variable, simply
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The control variable starts at time t=0 around the value 2.7, following the

‘equation: value = BV + A cos (ft); +, sec, continuing in this manner until

time t=0.5 seconds. At that time, the base value switches to @.6 and

remains there until t=20{@.# , a time exceeding any expected simulation to

be run.

Tables must be entered for the following coatrol variables.

1.

2.

KCV1l
KCV2
KCV4
KBEpV

NPWR

K for value CV1, ‘unitless
WoHoon CV2, o m
o om Ccva4, "
mow o w Bpy, "

Net power output of turbine (P), kW

If BV for NPWR is 1.021 at time t=0, then the simulation will hold RPM at

désign and calculate resulting load needed.

Last Card

DTINIG

DISNP

DTPRNT

SIMTIM

-IDBLL

Simulatime Time Data

Initial and also largest time step to be used when integrating
using IBM's SSP routine DHPCG (Double precision Haﬁmipg
Predictor Corrector Routihe). Recominended value is 6.5 seconds.
Increment in time for program to save values of important

simulator variables. Should be an integer multiple of DTINTG.

Recommended value is f.5 sece.
Increment in timé for program to priut cut values of important

simulation variables. Should be an integer multiple of DTSNP,

Total length of dynamic simulation, seconds.

Number of times initial time step can be doubled.

Format (4D10.4,1S)
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Detailed Flow Charts/Algorithms
fbr,

ODSP3

On the (ollowing pages are sample input data prepared as describad above.

Note - the termination card for table input.is included as the last entry in table

fér the control variable input. Therefore, the KCVl data was listed as:

BV for
Time KCvl DKCV1 FCV1
g.¢ g.4 . 0. R
1.6D2¢ 9.4 . 0. , 0.

terminates input
The last card will terminate KCV1 data input as well as give a time for which
the value §.4 holds. (This value is always open with KCV1=@.4 with this data

input.)

51



52

A

6.1

MARIN PROGRAM

INPUT STEADY FNDSTP| |DHFCG

RDARRY| | READU rFct | |ouTe

]
SORT sanx][ancn][ancﬂ

VAGSAD GUYPUT

MB11AD CALFUN ouTPT1]| louTPT2
 FCTH FcTa FCT3
Tiaure 6.

MRIN STRUCTURE

OF

OLSPES
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6.1-A

3 Iy ~ 3 .
Main Program:

Set Nominal Values
For State Variables; .
and initialize fre-

quently-uscd constants,

CALL INPUT l

Set Parameters
for VA@SAD

l

CALL STEADY

y
CALL FRDSTP

Set accuracy,
beginning and end
of current inte-
gration interval

__ 1l

Get Initial Values
for state variables;
~and error weights

Establish the con-
ditions for the
Lp Routing

["cALL pHPCG
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Main Propgram (cont'd.)

Yes

6.1

A

Ycs

integration
intervals?

A

Issuc Appropriate
Error Message

54

Call Qutput




6.1-A

Subroutine Input

Read .in pipeline data for complete system and control valves arca.

Rcad in flow rate vs. pressure hcad for each pump.

"Read data! for condenser's componcents and calculate the geometric

and heat transfer parameter‘tﬁéu. CND 1 to Equ., CRND-9),.

Read data for evaporator's components and calculate the parameter.
Read turbine geometric data.

Read in steady state FRD, LFRPE 2, RPMD,

Redd turbine characteristic parameter and calculate total turbine power
and total. loss.,

Read in the data required for the transient simulation.
Read in physical properties of NH3 vs. Temp.
Read in control input.

Read in simulation time data.

55
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Subroutines called by INPUT:

SUBROUTINE RPARRY (A, DAY :

Reads a table from the input device and stores it in the two-D array
A. 1Input is terminated when a large number C») ic encountered in the first

field of an input record, - The size of the table is rcturnca in NA,

SURRQUTINE READU (J):

Reads the input data associated with the control input whose index is
J. The data for each control input consists of a table with four columns

ans ohowm balow:

1>
1=

time, t éé
The value of the control input takes the form:

A + DA cos (2 Ft)

The table is terminated with a large number in the first field that
also serves as t = . The control input data is stored in two arrays; a

3-D array SAVU (I,J,K), and a 2-D array TIMU (I,J) having the following

format:
K=l 4 A TR I
K=2 4 bA T : :
K=3 4 F . e _,;X.=2} ' ' R T
[ -1 : ! l t '
T K : o } *!-_J\\_.J
[] ‘ : ‘ I ‘L_ [ \" .
sl ST
I |- o by
t ] J*
SN Y, ’
J , . TIMU (1,.)
SAVU(I,J,K)

SUBROUTINE SORT (A,NA):

Sort's a table according to,its}"kéyh (input variable) into ascending

order.
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Subroutine FNDSTP

To avoid the severe numefical problems that arise if integration of a
function that goes through a step change is attempted, 1t was decidcd that
the totai simulStion length be broken aown into a number of intervals duving
which the funétions to be integrafed‘aré ”weil-behavcd“. Step changes cén
occur in either ﬁhc alpebraic (z) or control (u) variablcs.(thn state variables
have to be continuous functions of time). Upon close examination of the prob-
lem, we came to the conclusion that the exact times at which the z-variables
take step changes cannot be knowvn a-priori (i.e. before the integration starts).
Steps in the control variables, however, are easily found since the control
variables are known functions of time, TIf the times at which step changes occur
in the u-variables are determined, the integration can be carried through over
several time iIntervals that are bounded by the steps in the u-variables,

Subroutine FNDSTP scans all the control inputs, and assembles a vector
called TIMSTf';ﬁathas 53 ifs elements (in ascending order).the points on the
tine éxis ét‘whiéh steps occur in the u-inputs. The last élément of TIMSTP is
set to ﬁold the toﬁal simulated time (SIHTIM), so that the last integfation
interval ends after SIMTIM seconds from the start of the simulation, The size

of TIMSTP is NSTP. A flow chart of FNDSTP follows.
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FNDSTD

1. Scan array T and rccord steptime in S,

2. Steps are detc;tcd'if two consccutive entrics are edual~and store this
message.

3. Sort S into ascending order and gli@inatc redundant entries,

4. If two elemcnfs are equazl, 'compress'. | .

5.

If TIMSTP (I) 5 TIMSTP (I+l), interchange them and set "switch flag"

SW to 1, )
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Solution of a set of 11 non~linecar eqns. in n unknowns:

Two Harwell-Library subroutines (VAB5AD and MBLIAD) are employed in the
solution of systems of non-linecar eqns. They arc documented clsevhere. VAGSAD
basica11§ attempts to minimize $}£L(5))2, and requires, therefore, the evalu-
ation of the function F for git:i values of the indept, variables x. It
assumes the existence of a subroutine calléd CALFUN that will evaluate those
functions,

Since VA@BS5AS is used to solve different sets of qugt in the course of the
simulation, a flag is needed to select the correci set of equations to evaluate.
This flag is called FCTID and can assume.the values i, 2, and 3. CALFUN will
call one of three subroutines depending on the value of FCTID. These subroutines
are called FCT1l, FCT2, and FCT3, and are related to the value of FCTID in an
obvious manner, FCT1l contains the Eqns. for ‘the vapor branch between the evapo-
rator and the condenser (including the turbine). FCT2 has the model Eqns. for
the liquid branch from the condenser to the evaporator (including the recircu-
lator line). FCT3 has the describing Eqns. for the whole system in the steady
state, o |

In the steady-state calculation, subroutine STEADY calls VA@SAD after set-
ting FCTID to 3. This selects FCT3 for the evaluation of the functions that
VAB5AD is trying to minimize,

In the transient calculation, subroutine CALCZ calls VA@S5SAD twice, as the
solution for the z-variables proceeds from the evaporator to the coﬁdcnser in
;he vapor branch, and then from the condenser to the evaporator in the liquid
branch, In the first half of the calculation CALCZ sets FCTID to 1 and FCT1
is Qulected, and in the second half it sets FCTID to 2 whereby FCTZ is chosen.
Separate flow charts for STEADY, CALCZ, FCT1l, FCT2, and FCT3 are given 15ter
showing the computational sequence adopted. The flow chart for CALFUN is given

beloy:
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"qubroutiine CALFUN:

60

CALL FCT1

CALL FCT2

'CALI. FQT3

v

RETURN
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10,

11,

MEOOw

MEY O W

6.1-A

Subroutine Steady

Cchn flow throuwh turbine and in 1cc1rcu1ation linc, calculate the

flows ir the vest of the pipelines.

Cuess and scale TTLEVP, TAVCND, TMPPEL,

CALL Subroutinc VA@SAD
A. If error message return,

STOY

Calculato Lhe following quqntatlcs in evaporator:
A. N3 vapor temp, (heat balancc)

. Avg. water temp,
. Hot well temp.

.- Mass.-of NH3 vapor.

A. Design inlet pressure

B. Design outlet pressure
C. Design pressure ratio:
‘D. Design inlet temp.

E. Design enthalpy change
F. Turbine speed.

Solve for condcnser variables:

. Tube Temperature (heat balance)

. Average water temp. (heat balance)

. Liquid ammonia drain rate’

Calculate volume and mass of ammonia liquid in film
. Calculate volume of ammonia liquid in hot well"

. - Calculate mass of ammonia vapor in condenser.

. Vol. and mass of NH3 liquid in film
. 'Vol. of NH3 liquid in hot well, (Equation of state)

‘Solve for turbine design conditions:

(Equation T=2)

Solve for pressure at outlet of PC2. (mixer pressure)

A, Calculate the reqﬁiréd throat area for CV4, and adjust the input

valve according.

B, If PUE is too small, issue error message and exit.

Solve for pressura at outlet from CVI.

A. Calculate the required throat area for cvl, and‘adjust the input

valve accordingly.

B, If PUC is too small, issue error message and exit,

Store the stcady-state vaiues.
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Subroutine TCT

1. Calculate the z-variables call subroutine CALCZ

2. Calculate the internal flows and net heat transfer in the evaporator
using the linear = Drogramming Routine SMILX

A,

mMEooOw

Calculate densities, heat capacities and heats of vaporization
Calculate the volume of the ammonia vapor in the evaporator
Zero the simuless tableaux

Sct the suitplex constraint to the cquations

Set up the objective functions ‘

Call subroutine SMPLX ‘ '

3., Retrleve the output valuas from the result vector

4, Calculate the derivatives

B (Eqn. CND-13)

5. Calculate ‘
6. Calculate overall heat capacity of vapor + liquid NH3 (Eqn. CND=14)
7. Calculate the drain rate intoluwc

8. Calculate the net power output and mass of liquid NH

62
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Subroutine FCT1

Calculate the density of vapor.NH3Aand pressure at moisture.scparater

Calculate the following quantities in Pipeline PE3
A. Density of ¥iH3 vapor

B, Viscosity

C. Velocity

D. Reynclds

E. Friction factor and pressure at ele from PE3
F. Calculate declay time in PE3

G. -Calculate temperature at exit from PEB

Check the bypass valve; closed? 1If yes, go to 4 .
A. Do the calcuclation for pipeline PT2 (Reference procedure 1)

Do the calculation for pipeline PT1 (Reference procedure 2)A
Do the turbine calculation

A. lLosses (Eqn. T-3)
B. Total power output (Eqn. T-7)
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1‘

2.

3.

If

A.
eB.
C.
D.

6.1-A
Subroutinc FCTZ

CVl and CV2 are closed; return

Calculate the following quantities‘in pressurizing pump PUC

Density of liquid Rilg .

Heat capacity of NH3 at constant pressure
Pressure at cxit from PUC

Temperaturc at exit from PUC

Calculate the following quantities in pipeline PCl

A.
Bu
C.
D.
Eo
F.
.G'

A-

Cl

Density 'of liquid Nli3
Viscousity

Velocity

Reynolds Numbers

Pressure at exit frouum PCL
Temperature at exit from PCl

CV2 is closed; go to 5

Calculate liquid flow rate in PC2

Calculate pressure at exit from CV2 ) :
Do the calculations for pipeline PC3 (reference procedure 3)
Go to 5-B

Liquid flow rate PC2 = Liquid flow rate PCl

1f CV1 closed; go to 6-A

Calculate pressure at exit from CV1

Do the calculation for pipeline PC2 (reference procedure 3)
Go to 6-B

Liquid flow rate at PC2 = 0

If CV4 is closed; go to 7-A

Mass balance in mixer

Do the caleculation for recirculation pump PUE (reference procedure 2)

Do the calculation for PE2 (reference procedure 3)
Calculate the pressure drop across CV4
Go to 7-B

Liquid flow rate at PE2 = (

. Heat halance in mixer

Determine the flow in each line by changing the eonrrul valves CV1,
CV2 and CV4, open or close state
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Subroutiné:¥CT3

Calculate the following quantities in Evaporator

-

oMo >

= >

Outlet 'water temperature

Heat transferred from water to tube

Heat transfcrred from tube to lnqula and vapol anmonia
Armonia vapor temperature

Liquid amnonia temperature in HWE

Vapor pressure

The flows internal to the evaporator

Calculate the vapor density in moisture separator .
Calculate pressure at exit from moisture separator

Calculate the following quantities in PE3

.

OMRYUOW >

Do

A,
B,

Vapor density

Viscosity

Velosity (Eq. P-1)
Reynolds (rq. P-3)
Friction factor {Bq. P-5 or P- 6)
Pressure (gq. P-7)

Temperature at exit from PE3
the same calculation for PT1

Calculate the enthalpy change across the turbine
Calculate temperature of 'subcooled vapor' exiting the turbine

Calculate the following quantities in Condenser

A,
B.
C.
D,
D

Pressure

Qutlet water temperature

Heat transferred from water to tube

Heat transferred from tube to liquid and vapor ammonia
The vapor flow rate out of the condenser

Calculate the following quantities in Pressurizing pump PUC

A.
B.
C.

. D,

L.

Do

Liquid density

Heat capacity of ammonia

Total increase in pressure head (PU-1)
Pressure

Temperature at exit from PUC

the same calculation as in procedure 3 for pipeline PCl

Calculate the temperature at exit from PC2

Do

Do

Do

the calculation for PUE (Reference procedure 7)
the calculation for PE2 (Reference procedure 3)

the heat balance in mixer
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Subroutine CALCZ

Update the state variables of the system,

Solve for z-variables in Evaporator - Hot well:
A. Volume of Nli3 vapor

B. Pressure in cvaporator

C. Heat transferred from water to tube

D, Water outlet tewperature

Solve for z-variables in Condenser:

~A. Pressure in condenser

B. Mleat transferred from water to tube
C. Water vullet temperaturog
D. Heat transferred from tube to liquid and vapor ammonia

Solve for z=variablea in '"Vapor Branch"

A. 1If bypass valve is closed, the vapor flow rale at IT2 equale zero
B, Guess vapor flow rates in PE3 and PT1

C. ' CALL subroutine VA@5AD

Solve for z-variables in Liquid Branch

A, If CVl closed LFRPC2 = 0

. If CV2 closed LFRPC2 = LFRPC1

. If no circulation in Evaporator LFRPE2 = 0

. Guess liquid flow rates in PEl, PC3 and PCl then call subroutine
VA@B5AD. ' .

O Oow

If subrcutine CALFUN called more than 17, give error message

Write Time, FCTID, INDEX, TP,



Subroutine QUTP

6.1-A

( START )

CALL CALCZ

Update the conditions
for the LP coustraints

SNPTIM=SNPTIM+DTSNP
CNTXZ=CNTXZ-+L

CNTXZ: 100

TIMXZ (CNTXZ)=TIME
Save all X and
Z variables

-\~

Issue warnin

/ message

7

2

,fRMT(5)=1.0

I
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Subroutine OUTPUT

68

START

PCKOUT

Y, \
{ CALL OUTPE};

I
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Subroutine OQutput i

Print the adjusted throat area of control valves CV1 and CV4
Print turbine rpm, mass flow rate in turbine, mass flow rate ovt of
CDNIIW, Liquid mass in CNDWW, Liquid mass in evaporator. With respect

to time

Print pressure drop, temp. in evaporator, pressure in evaporator, Temp.

at inlet to evaporator, temp. at CND, temp. at inlet to CXD. All these

with respect to time.
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Subroutine Output 2

Print the adjusted throat areca of CV1 and CV4

Print TWAEVP, TTBEVP, TAVEVP, MAVEVP, VALEVP and MALIWE with respect to

time,

Print the TWACND, TTBCND, TAVCND, MAVCKND, MALCND and MALINWC with respecct
to time.

4
0

Print RPMTRS, TMPPE3, TMPPT1, TMPPT2, IMPPUC and IMPPC1 with respect to
time. . " o

Print TMPPC3, TMPPC2, TMPMXR, TMPPTLl, TMPPUE and TMPFE2 with reccpect to
time.

Print PRSEVP, PRSMSP, PRSPE3, PRSPT1, PRSPT2, PRSCND and PRSPUC with re-
specel to time, _ . . : ‘

Print PRSPCl, PRSCV2, PRSPC3, PRSCV1, PRSPC2, PRSPUE and PRSPE2 with re-
spect to time,

Print VFRPE#, VFRPTl, VFRPT2, LFRPCl, LFRPC3, LFRPC2, LFRPEl and LFRPE2
with respecet to time,

Print TWAEVP, TTEEVP, TAVEVP, TALEVP, TALHWE, ZTVEVP, SIGMAI and SIGMA2
with respect to tiume.

Print VFRPE3, LFRPE1l, LFRPE2, DRNEVP, FFVEVP, FWVZVP, DRNCND and FFVCND
with respect to time. '
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Table Lookup:

There are 12 tables that are ﬁrdvidcd as input data by the uscr. Each
table consists of a set of (X,Y) pairs where k is the indcpnnacst variable,
and Y is the dependent variable., It can, therefore, be thought of as.a
function Y = F(x), which is specified at a discrete sct of points Xi, i=l...n.
When the value of the funétion is réquiredvat a ce;tain X7 (that is.-not onec of
the X's), linear interpolation is used to find a value Ve £(XY)

To increcase the flexibility of the cone, gnd allow fqr future additions
each of the 12 taBles has been assigned a unique index which is.used to access

it. The table names their indices and a brief description of them is given

below:
INDEX NAME SIZE DESCRIPTION
1 VISAV  KVISAV Viscosity of NHj vépor vs, temperature
2 CPAV NCPAV Heat capacity of NH3 vapor vs, temperatur
3 GMAV NGMAV Cp/Cv of NH3 vapor vs. temperature
4 DENAL  NDENAL  Density of NH3 liquid vs. temperature
. 5 CPAL NCPAL Heat Capacity of NH3 Liquid vs. temperaturel
6 | VISAL NVISAL Viscosity of NH3 liquid vs, temperatureA
7 PSATA  NPSATA  Psat vs. Tsat.for NH3
8 DPDTA ﬁDPDTA (2Psat/2Tsat) vs. Tsat for NH3
9 . MDA NLMDA Heat of vaporization Qs.'temperature NH3
10 PFRPC NPTRPC  Pressure heat vs, .flow rate for PUC
11 . PFRPE  NPFUPE  Pressure heat vs., flow rate for PUE
liquid vs, temp,

112 TCONL NTCONL Thermal.conductivity for NH,

71

71



6.1-A

Two function subprograms arec involved in table lookup:

a)  FURCITON INITRPZ (T, A, WA, ERR)

Interpolates in array A (sizc NA) to find the value of the function
at T (the indecpt variable)., ERR-is an integer flag that is set as follows:
If T < A(),) ZZ» ERR = -1 and INTRP2 = A(1,2)
If T> ANA,1) D ERR = +1 and INTRP2 = A(NA,2)

IF A(1,1) « T g A(KAS1) - ERR'= 0 and INTRP2 is found
: | by linear interpolation

b) FURCLLUN LOOKUP (I,T)
Selects the table whose index’ is I, and passes it along with T (the
indept variable) to INTRP2, When INTRP2 }eturns, it examines ERR and

issues en appropriate ascerning message if ERR = 41, and finally it

returns the value in INTRP2,

The following charts illustrate the table lookup procedure,
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FUNCTTON T.OOKUP (T,7T)

<0

6.1-A

. \/
Pick Table
with index 1

)

LOOKUP=INTRP2

/
>0

N

Issue Table "Under-
Flow' Message

ERR

Y]

"/ Issue "Table Over- /[
Flow" Message

FUNCTTON LNTRP2 (T,A.NA,ERR)

Do Linear Interpolati
ERR = 0

3

l

W

Al

INTRP2=A(1,2)
ERR= -1

INTRP2=A(NA,2)

ERR= +1
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Evaluation of X,Z, and U variables vs. time:

The system variables are stored versus time in save vectors.
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Computation of time delays in pipelines

Function subprogram DELAY solve by Forward Euler the following cqn,

for t:
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Miscellancous Routines:

FUNCTION DMX (A, NA, INDEX)

Finds the largest clement in the 1=D-array A (size KA) ‘and returns its

value (double-precision) in DMX, and its index in the array INDEX.

LOGICAL FUNCTION EQUAL (X,Y)

Tests for cquality betweren two double-precision numbers X and Y., Re-
turns TRUE, if X and Y are withing E * |X| from each other, FALSE. Otherwise,

e =1x 108,

LOGICAL, FUNCTION LSSEOL (X,¥)

Returns TRUE if x ¢ Y, equality being assumed if EQUAL (X,Y) returns

TRUE, FALSE, otherwise.
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Subroutine GETVAR will get the variables value from the appropriate arfay~

for specific time,

Subroutine INTRP! will interpolate the variables value from tho anpropriatc

array.
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Subroutines HPCG and DHPCG

These subroutines use flamming's modificd
predictor-corrector method for the solution of ;,cn-
cral initial-value problems.

The purpose of HHamming's modified predictor-
correcter methodd is to obtain an approximate solu-
tion ol a peocral system of first-order ordinary
diffcrential equations with miven initial values. It is
a steble fourth-order integration procedure that re-
quirces the evatuation of the right-hand side of the
system only two times per step, This is a great
advantage compurcd with other methods of the same
order of accuracy, cspecialiy the Runge-Kutta '
method, which requires the evaluation of the right-
hand side four times per step. Another advantage is
that at cach step the calewation procedure gives an
estimate for the lozal truncation errvor; thus the pro-
cedure is able, without a siznificant amount of cal -
culation time, to choose and change the step size h.
On the other hand, Hamming's predictor-corrector
method itscif is not self-starting; that is, the func-
tional values at a single previous point are not
cnough to get the functional values ahead. There-
fore, to obtain‘the starting values, a special Runge-
Kulta procedure folluwed by one iteration step is
added to the predictor-corrector method,

Given the general system of first-order ordinary
differcntial equations:

dy.
y'=—1=f(xyy y)
1 dx 1V Iy Jgr e Yy
dy
Yy = o= G0k v,y y)
72 T dx PASIRS LIS LIRRRRI AU
dyn ' :
y;! = ﬁx— = fn(x) yli yZ! LN ] yn)

and the initial values:

Y 0g) = ¥y Yl = Y00 oo )™ ¥n,0

and using the following vector notations:

¥ ) fl(x.Y) 51,0

¥, (x) f(x,Y) ¥
Y(x) = 2 , F(x,Y) = 2 . Yo= 2,0

Yo%) [ (s,Y) Yo, 0

78 78

where Y, F, and ¥ are cotunu vectors, the siven
problem appears as follows:

Y' = % = P Y)with ¥(x ) = Y,

For stability purposcs, the modification by
Hammiag of Milne's classical modificd predictor--
corrcctor method is preferred. Thus, knowing the
results at the equidistant points xj_y, X;_o, N;_y and
xX., the results at point Nigy ® xj + hare compuled
by the formuias below,

. L P ‘e = v .
Predictor: Pj+1 ‘j-S
4h . .
o= 2 - YT+ a2y
3 ( j-1 j-2) (1)
112
HETO W 8 - > - — - .
Mo'dxfu.x. Mj+1 lj+] 121 (l'l’j Cj)'
' = 2
BI,+1 F()\ 1. l j* 1) (2)1 (")
Corrector: C =1 [SY -Y
Tl 8 j j-2
+ 3G+ o2v) - )] (1)
Final value; YJ+1 = ('j*l
) -
METTRETE R (5
where Y, Y', P, M, M', F and C are column vec-

tors with n components,

Formulas (1) and (4) have
looal trunecatinn errars: '

_ M5 () . o
'1'1 q h™ Y (El) with fle (.\j_a. '\j*l)
anl '
.1 5® ; o
T, = 50 h™ Y (52) with £, ¢ ('\j»Z' '\j*l)

respectively, such that

: o
c..-p =12

5 (5) ' . .
17 P Tage M YL@ [5'(";-3' “ju’.l
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-
Assuming that \'(") (x) does not vary to any sreat
catent in the interval ('\‘j-3' .\'j.'l), it follows that:

This formul:x shows that the components of column
vector Piy = Cyyy are measures for the local
truanc: lll("\ crrars in the components of column vee-
tor Y, y, and therelere control of accuracy and ad-
justment of step size h can be done by generating,
the following test value:

n
=0 A b,y oyl (6)
+
o} j+ 1,1 j*1,i
where the cocfficients a; (i=1, 2, ..., n)are

error-weights specificd in the input of the procedure.
If 6 is greater than 2 given toicrance ¢t, incre-
ment h is halved and the procedure computes

Yj+ /2~ that is, Y(xj - -;l) -- after having inter-

v —_ P h ~ r - . 3
polated Xj-l/?. = X(xj —72-) and Xj-3/2 = Y(.\j - Eh)‘
with previous increment h, using the following
sixth-order intcrpolation formulas):

Y = 1 §0Y, + 135Y + 40Y + Y
'j-1/2 = 756 BO¥; + 195Y;, -2 * Y3
h . ]_"i ) 71 ' i
+ > 198 (’1 + 6\J + Yj-z) ()
. o1 ,
\5-3/2 = 325G (12‘)(j + 135}j_1 + 108Yj_2 + Yj-3)
W b3 (Y- 18V oYy ) )
2 128 -1 -2°

If 5 is less than ¢, the result Y., y is assumed to
be correct and 15 handed, togetherw nh X;, ) and the
vector of derivatives YJ = F (\J‘ 1 ¥ J+ 1), to a
uscer-supplicd outpul <ubxouhno.

tNumcrical experience seems to 'show that the pro-
cedure dous not excecd a global relative error ap-
proximately equal to €,

the next step is carricy
however, care is

H & is less than ¢/h0,
out with the doubled incremaent;
taken in the procedure that the increment never pots
greater than the increment h specified as an inpul
parameter, and further, that among the output ard’
all points xg+j - h (whevre j= 0, 1, «e, aned h
is the input step size) which are situated between the
lower and the upper bound of the integration interval,

Chanping the step sine by halving or doubling re-
quires changing ol Pj - C; or l’j_‘ [ Cj.r 1r Tespos-

tively. Usuu, the Iol‘ov ing interpolation formula:
Y =y .+ h(Y' . ¢+ 3Y! . + 3y & ~Y!)’
J -3 8 -3 -2 -1 J

3 .5_(5) ~
gt Y& [53‘ 530 xj)]

. .
aind assuming that Y (x) does not vary to any

great extent in this interval, ’P‘i - Ci can be writlen

as:
242
P. -C, === (Y. ~-Y,
b} j 21 j i-3)
121 , vy avr ,
h(Y + 3Y a 3Yj—2 + Yj-a)

When halving increment h, this formula becomes:

242 -
P -C ~— (Y, - Y.
i -G = O 173/2)
121 .
" 3% (Y * 3Y) 1/2
' 4+ Y
$ 3+ Y g ) (9)
and when doubling:
242
Piv1 "G ® 5 e ™ Yyes)
121
- — s 2 4] '
5 O SY) 1
¢ ) Nt
+ "Yj-S + Yj—s) (1)
- 79

79



Starting Hamming's maodified predictor-corrector
mothod requires the functional and devivative values
at four preceding cyuidisiant points; that is, Xgr Xy
Xo and Ny . The values Yy and Yy = Fx,, Yy) are
specilicd by input,  For computation of \ 1+ Y] Yo
Y' \'3 and Y' and for adjustment of the step size b
to accumq 1u;un¢.n cnls, a special Runge-Kutta
procedure sugested by Halston is used,  Starting at
Ny result values at point X, = X + hare compuu d
using the [oliowing for mudilu:

Ky=h-Y; (11)
ky = h PR, + 0.4h, Yj + 0.4K)) (12)-
Kg = b - F(x + 0.45573725421878943h, Y

+ 0,29697760224775360 K

+ 0.16875064497104583 K,) (13)

K =h. F(xj + h, ‘1'}, + 0.21810038822592047K
- 3.0500651186929308 K,
+ 3.8328647604G670103 K3) (14)

1

Y =Y + 0.17476028226269037 K
j+1 } 1

-0.55148066287873294 K2

+ 1.2065355993965235 K3

+ 0.17115478121851403 K4 (15)

where Y)-, Yj+ 1. K1, Ko, Ky and K4 arc all column
vectors with 1t ¢components.

These formulus are noi very stablo; but this does
nét matter bocuuse they are vgod only in three suc-
cessive steps (j = 0, 1, 2). On the other hand, they
have the smallest bound of truncation error of all
fourth-order Runze-Kutta procedures. Therclore
they are best suited to stavt other fnlegrution
methods which are not self-starting.

For initial control of accuracy and adjustment of
step size h, in starting the procedure an approxima-

1) .
tion for ¥, = Y(x_ + h), namcd Y,(, ). is computed
using the step size h, and then un"upproximation

" ) ) )
namedd Y( ), using the step size h/2 Lwice. From
these two approximations a test value for accuracy
is generated in the following way:

&) {2) .
|y2 i y2 i a6

It § is greater than e, increment h is halved,
and the procedure starts agin at point o

80 - 80

6.1-A

I 8 is less than ¢, the results \'(1;) = \'(xo R "_:)

and \( °) \(\ + h) arc ussumed to be corie

and llm(l step follows, which computes the results

3 eyl 3
0 ".'!-h -~ that is, \3 = \(.\0 + Eh)' The
step size h/2 of these three steps is hunded as jni-
tial step size h to the predictor-corrector method.

at point X

It is very important that the starting vualues be
as accurate as possible, hecause errors in these
starting values may increase during the (olloxi'ing
predictor-corrector procedure. Therefore the |
starting values computed hy the Runge-Kutta method
are refincd:by one iteration step using the following
fourth-order interpolation formulas:

\ - Y h'! + t '1 ] ’

Yl“o"z::“’,‘o ! mYl 5YY + Y'p) (17)
= Iy i ‘

YZ_Y0+3(YO+411+Y2) (18)

r
Y3 =Y,

Use of these must be considered an iteration
procedure; thatis, first the result values of the
Runge-Kutta method are used in the right-hand side
of formula (17) to compute a refined Yj. After
computing the refined Y'1 = F(x3, Yj), the rcfined
vector Y2 is gencrated using formula (18). Finally,
the refincd Y'2 = F(x2, Y2) is used, together with
the other values, in the right-hand side of formula
(19) to compute the refined vector Y3. During this
iteration, the refined data sets Xj, Yj, y! jare
handed, together with the number of bisections of
e initial atep.sine (epecified hy input), ta the
output subroutine,

It enn be chown that, using this iterative pro-
cedure, the initial column vector P3 - C3 used in
formula {2) for j=3 is equal to zero.

The entire input of the procedure is:

1. Lower and upper buuid of the intcgration
intereal, initial step size h of the independent vari-
able, and upper hound € of the local truncation
error

2. Initial values Yg of the dependent variables
and weights aj (i = 1, 2, ..., n) for the local trunca-
tion cerrors in cach component of the dependent
variables

3. The number n of differential cqu.mohs in the
systemn

4. As external subroutine subprograms, the
computation of the right-hand side of the system of
differential cquations; for flexibility in output, an
output subroutine

5. Anauxiliary storage array named AUN v
16 rows und n columns

gh [ T 2 ] ] (1} .
*jS(Y0+"\ +3)‘2+13) .(19)

1



Output s done in the following wav. H oo set of
apprenimiotions to the dependent vaciables Y(N) is
foued 1o e of sullicient adeuracy, {tis handed --
cgether with 8, the devivative Y' (N), the number
ciLiscctions of the initial increment, the number
of diifcrentinl cquations. the lower and upper. boune
of the interyal, the initiul step size, error bound €,
:,md_.:i parmmeter for terntinating Slql);‘oulilié HecG
ov Dfll’(?G - = to the output sulwoutine, Ry mceans
of this output subroutine, the uscr has the oppor-
tunity to chonsc his own output format, to haadle the

output vulues. as he wants, to change the upper ervor

bound, and to terminate subroutine HHPCG or DIIPCG
at any output point. In particular, the user is able
to droup the output of some intermediate points,
printing only the result values at the special points
3 4 j ¢ h{wherej=0,1,2,,.., and h is the in- -
tinl step size specified by input). The user may also
perform intcrmedinte computations, using the inte-
gration results before continuing the process.. =

6.1-A

Vor reference scee;

n

(

)

A. Ralston/ 118, Wilf, Mathematiceal
AMethods Tor Digital Computers, Wiley,
New York/ London, 1960, pp. 95 -~ 109,

AL Ratston, "Runge-Kutta Maethods with
Minimum Crror Bounds', MTAC, vol. 16,

no. §0 (1962), pp. 431 - 437.
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SOLUTION OF SYSTEM OF EQUATIONS

The nonlinear system equations are linearized in ODSP-3. The resultiqg
system of linear equations is then solved by the following method, using
a least squares technique.

To minimise the sum of sqUares of M given functions, fj,~j=1,2,...H,

each of N variables, l = (xl Xo e XT) M >N, without the use of any

partial cderivatives. 1i.e. to find x to minimise

M | |
F(x) = z‘;][fk(x],x,,,...xN)Jz M3 N
k- N .

The user rmust supply &n initial epproximation to the required minimum
p051L1on X, and & subroutine CALFUIL, to calculate valusas of the functicns
f., j=1,;25...i, for any values of the variables X.

J
AFGUMENT LIST

SUBROUTIHE.VAOSA (M,N,F,X,H,waX,ACC,HAXFUN,IPRINT,H)

A1l variables except F are input arguments and their values nust be set
before YAO5A is called.

F,X,¥, are 1-dimensional arrays, wnicn musL be declared in tne user's
program.

A

M the number of functions fj occuring in the sum of squares

N the number of variables XPsXo e oo Xy
X an array, of lpng‘h at least i, whose elaments are set to the
usér's eslimate of the rcqu1red varizhles x = (x] Ko oeeX

M
where

X(K) = xg K=1,2, .. N

These values are changed by subroutine VAOSA so thet on return

X(X) will Lonta1n an estimate of the required value of L
K=1 2

R a scalar parametar set by the user's progrzm to allow YACSA to
estimate the partiail.cderivetives of eacn o7 the functions rrem
different approximations. In fact the approximation used is

of

1 o o
:;3 A [f (x SELPTERR ; + H,...gN) - fi(x]’XZ"'fo"xN)]/H
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CMAX

ACC

MAXF UM

IPRINT

6.1-A
important that the varatles X| X, ... Xy are scaled to be
similar in magnitude (Ser §4).

8 scalar parametcr which must be set to a generous estimete of the
“distence"” between the ucers initial estimate, and tne required
value of x (sce &4 for definition of “distance")

a scalar parameter spcr1f/1rg the eccuracy requred in the
calculated value of *he sum of squares F(x)

A norm2] return is mage tc the calling progr am wnen it is
predicted that the best calculated vaite of Flx) s not’ more
than ACC greaucr then the minimum value. See 36.

an integer var1c“]e, to ensure thet the subroutine finishes.,
There will be an errcr return if more then MAXFUN calls of

the subroutine CALFUIl are reguired, with the exception that at
Teast N+1 such calls are always made.

as an input parameter, this integer spacifies the printing that
will be obtzined frem YACIA.

IPRINT=0 Mo printing. In this casa IPRINT will be used as an
output argument if an error return occurs.

IPRINT>0 Values of the functions ‘and variables are printed every
IPRINT iterations.

IPRINT<O Values of tne variables only are pr1n ed every | IPRINT|
iterations. T

This p:rameter w111 be used as an output paréweter only if the
input value is zero and an error return occurs. For details of
the errors that may occur see §5, the output values of IPRINT are

IPRINT=1 the sum.of squares F(x) fails to decrease
IPRINT=2 MAXFUN ¢alls of CALFUN have been made

an array of length at least 2i N*2w2~?d+5d, used by VAQZA as
working space. ‘Cn reiurn from VACSA the aporo<1mau1ons to the
partial derivatives are neld in the first M locations of Y, so
that

of .

.33(.;_ T W(N(I=1) +).

The output arguments are F , X, and possibly IPRINT. CFor X,d,IPRINT
see above. ' o :

" a'l-dimensional array, of length M at least, whicn will be set

‘to the values oF the functions at tne vector of variables
‘returned by the subroutine.

CF(K) = £ (X)L, X(2), 00 X(N)) Ke,2, 000
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USER SUFPLITED SULRUUT L CALE Ui

. SUBROUTINE CALFUN (M,N,F,X)

The arquments for this subroutinn nave the same signiticance as for
VAOSA, so that F,X are l-dimensicnal arrays. This subroutine must be
provided by the user and must calculate the values of the functions

’fj(xl,xz,...xu), j=1,2,...M for the given variables x=(x] X, ...xN). These
funct

jof values must be plantad in the array F so that-
F(K) = fK.
Note that this subroutine must not change the values of M,N or X..

Apart from Calfum, Harwell Library subroutine MB11A is called.
CHOICE CF SCALING

The methed uted reovires sume stzo-length control, fer which the
"distance" between two estimates (a],az,...an) and (b] b2 ”"bN) of the
vector (xl,xz,...xN) is

~ Therefore it is important that the usar shall scale the varizbles, parhaps cv
-multiplying them by appropriate constants, so that their magnitucas are

84

similar.

ERROR RETURNS

Two conditions will cause YAOSA to produce an error return to the
calling program:-

(a) More than MAXFUM calls of CALFUN have been made and the required
minimum value has not been found.

(b) A number of consecutive iterations have failed to reduce the sum
of squares F(x). Tnis.may happen i7 ACC has been chosan t00
small, or 17 H has been poorly ¢noscn.

A diagnostic will be printed only if IPRINTZ0, otherwise the errcr
return is signalled by changing this parameter (see 32 above). In eitner
case, control is returned to. the calling program.

. ACCURACY

Mote that a normal return frcm the subroutine aoccurs when 1t 3s

predicted that the required accuricy nas deen obtained. Scmetires this

Prediction méy G2 wrong, wnich nas DEsSn shcun Dy 2n 2:xamole witn M=30,

N=30, having the property that the correct final value o7 the sum of sguares,
F(x), is large. Here the sutroutine finishes too sccn, tut the 7Tinal 2nswar
was very close to tne required one. Experiance witn the stbroutine on 2oout
t21rty other éxamples nas shcwn that tre convergence criterion is usually
acequate. '

84



6.1-A

METHOD

The method is a compromise between three different algorithms for
minimising a sum of squares, namely Newton-Raphson, Steepest Descent, and
Marquardt, Moreover it automatically obtains and improves an approximation
to the first derivative matrix following the ideas of Broyden.

85,
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APPENDIX 6.1-B
SAMPLE RESULTS OF ODSP3-DYNAMIC SIMULATION PROGRAM

A dynamic computer simulation of the Primary Power System shown in Figure 1 was de-
veloped. This dynamic performance model is discussed in Appendix 6.1-A in detail.
This computer program analyzes the static and transient response qf this power
system to control operations and plots the resulting characte(is§1g curves.
Sample computer print-outs of characteristic curves for two 51gn1f1gant transient
control operations are presented here to illustrate program capab1]1ty. These are
typical characteristics for a 10 MWe module, based on preliminary input data.

CASE A - MODIFIED, ALL VALVES FIXED. (See Figure 2).

This figure shows the turbine generator overspeed transient follow-
ing sudden loss of electrical load at full rated turbine flow condi-
tions, in which none of the valving provided acts to limit the over-
speed. The turbine By-pass valves remain closed, while the liquid
NH3 feed valve (CV-1) and the circulating flow valve (CV-4) to the
evaporator remain wide open.

This trip situation illustrates the potential overspeed reached for

the worst condition. The computer print-out shows that the turbine

generator would accelerate from 3600 RPM to stightly less than 7200

RPM (100% overspeed) in approximately 30 seconds, after the electrical
}oad is disconnected. Calculation gives final overspeed of 7500 RPM
109%). :

CASE C-BPV AND CV2 OPEN, CV1 AND CV4 CLOSE AT 0.5 SEC.
(See Figures 3A through 3N).

These figures show the system transients following sudden loss of
electrical load at full rated turbine flow conditions, in which four’
valves in the power loop act simultaneously to 1imit the overspeed.

A half second after the electrical load is interrupted, the turbine
By-pass valves go to the wide open position, the evaporator liquid
feed valves CV1 and CV4 to the closed position and valves CV2 to
liquid storage go to a partial PV1 open position.

This valving operation sequence illustrates the best provision for
limiting turbine generator overspeed. Figure 3A shows that the

" turbine generator would accelerate from 3600 RPM to 4974 RPM (ap-
proximately 38% overspeed) in 7 seconds. After 7 seconds, speed
would start to decay. In addition to overspeed protection, this is
the trip operation that would be used for rapid system shutdown, in
the event of any major system component malfunction.

Figures 3B through 3N show the static valves prior to this trip
situation and transient characteristics following the trip for local
flow, pressure, temperature, vapor inventories and liquid inventories
through out the power loop.
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APPENDIX 6.4-A

TRIP REPORT - NH, SAFETY PRECAUTIONS/ACCIDENT RECORDS

3

Place Visited: The Fertilizer Institute (TFI)

Location: Washington, D.C.

Persons Contacted: James D. Massie, Director of Safety Programs
Date of Visit: August 18, 1978

Report of Visit: The purpose of my visit was to review the known
potential hazards of handling, transporting and using anhydrous
ammonia. Since 85% of the NH3 consumed in this country is for
agricultural purposes, the Institute is a logical source of safety
data. Mr. Massie is Director of Safety Programs. He has also
replaced Mr. Benjamin F. Day, also of TFI, as Secretary of the
American National Standards Committee on Storage -and Handling of
Anhydrous Ammonia and Ammonia Solutions, K61.

The first area I reviewed was the hazards of filling operations. To
prevent fires, did the air need to be purged from storage tanks

being filled for the first time, and were the fill hoses required to
be conductive? The answer was no to both questions. Years ago, the
systems were grounded during fill operations, but this is no longer
required. No records exist of fires started by a static electric

discharge during a transfer operation. The main hazard is from an
accidental spill.

Most of the NH3 used in this country comes in from overseas plants.

It is shipped into gulf ports; next spring, an offloading facility
will be available in Charleston, South Carolina. Since ammonia is
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shipped by sea, large quantities of ammonia may be safely
transported to the OTEC platform without having to be transported by
railroad through populated communities.

Mr. Massie said that other than a fish kill, he could see no problem

. with a large dump of NH3 into salt water. 1 mentioned that a

California report concluded that it was actually beneficial. If
such a dump is made purposely, it should be discharged at a depth of
at least 5 feet below the surface of the water to allow for complete

. absorption and to prevent any vapor clouds from forming.

Mr. Massie also thought that salt water in lieu of fresh water in
the first aid deluge showers would be acceptable--perhaps even
better than fresh, if burns were involved. i

When asked about continuous leak detectors for monitoring for NH3
vapors in unmanned spaces, Mr. Massie said they were available and

that he would get me information on them.

He .also stated that he was traveling to the Navy installation at
China Lake, California, where they were going to conduct tests on
massive spi11s 6f ammonia. He said he would keep me informed of the
results. '

In a discussion on massive spills, it was noted that there are
different opiniohs on the method to use to combat it. Toxic vapors
are produced by flash-eff from the iiiLial spll11. I water 1s then
used on the remaining spill, the relatively warm water will cause
quicker vaporization and result in larger quantities of toxic vapor

" clouds. Some people advocate using a foam-producing system to cover

the liquid and control the vaporization rate. Then water can be
applied slowly to cause the liquid to go into solution without
producing additional vapor clouds. If water alone is used, it must
be in sufficient quantities, which is at least 100 parts of water to
one part of ammonia.
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I concluded the visit with a review of accident records, which were
mainly concerned with storage tank. failures or railroad car
Aaccidents. In no case was fire the cause or result of an accident.
Although newspapers have reported resulting explosions of car
derailments, these were not "explosions" in the true sense of the
word. The tanks failed "violently" due to. overpressurization.
Water was sprayed on the tanks to contain the ammonia, but it heated
the liquid in the tanks, causing it to increase in pressure and
vaporize at faster rates than the relief valves could handle. Some
tank failures were also traced to stress corrosion cracking and poor
welds.

Finally, Mr. Massie reported that most foreign countries were going
to double wall tanks for the storage and transporting of ammonia.

Frederick Eliot
System Safety Director
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APPENDIX 6.4-B

TRIP REPORT - U.S. COAST GUARD HEADQUARTERS

Place Visited: United States Coast Guard Headquarters

Location: Washington, D.C.

Date of Visit: July 28, 1978

Report of Visit: I had originally contacted Mary Williams of the
United States Coast Guard, Office of Hazardous Materials, relative

3 When I visited her office she had
also invited Captain Gears, Chief, Merchant Marine Technical

to safety requirements of NH

Division; Captain Spence, Chief, Cargo and Hazardous Materials
Division, and Fred Adamchek. The discussions ended up being more
general than specific, but the following points were made:

0 The. main concern with the Coast Guard will be with the Federal
Code of Regulations, Title 33 on Polution Prevention, and
Title 46, Shipping, mainly sections F,I,J, and O.

¢ For Coast Guard approval, plans and calculations must be
submitted for review.

¢ If there were a need to resolve certain conflicts, a "letter of
understanding" could be.used to reach an accord hetween the
Coast Guard and the Department of Energy.

o A similar agreement exists between the Coast Guard and OSHA,
where an "understanding" in lieu of a letter of understanding
exists. Here, OSHA does not involve itself with safety aboard
vessels under the cognizance of the Coast Guard, but leaves the
safety of{personnel to them.
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0 The Coast Guard is .not concerned with the underwg}er'
transmission of electric power.

9 Studies are pending on the dumping of large quantities_pf NH3
into the ocean. ’

In addition to the above, a proposed standard was obtained that
would revise certain sections of Title 46. This revision, entitled
"Self-Propelled Vessels Carrying Bulk Liquified Gases", has several
secLions that pertain to NHy and will pertain to the design
requirements vl an OTEC system. While the OTEC platform will not he
self-propelled, it was given to me because many of the requirements
are of a safely councern and would be applicable to platforms --
stationary or self-propelled. ‘

Fredefick Eliot
System Safety Director
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1. INTRODUCTION

The purpose of the Test Program is to demonstrate OTEC Power System and
operational performance in situ and to obtain data for future OTEC designs. This
will bé aéhieved by development of overall system and individual element research

plans for operational'data measurement, recording, playback and analysis.

The hardware includes a 0.18 MWe Evaporator and Condenser Test Articles,
and a 10.1 MWe Modular Experiment Power System Application. Specific objectives

achievable from hardware testing include verification of:

o Thermodynamic Performance
e Dynamic Stability and Operational Controls
e Mechanical Design

e Reliability/Availability/Maintainability and Safety

1-1 117



 THIS PAGE
WAS INTENTIONALLY
LEFT BLANK



2.1

7-A

SUMMARY CONCLUSTIONS

Sys tem Elements and Test Objectives

The following system elements will be evaluated in both overall system

and individual element performance testing:

Heat Exchangers and Moisture éeﬁarator
Turbine/Generator

Ammonia Feed and Recirculating Pumps-
Warm and Cold Seawater Pumps

Control and Storage Systems

Ammonia and Seawater Piping

All of the above will be tested in the Modular Experiment while only the

Heat Exchangers and Moisture Separator will be tested with the Test Articles.

The scope of the testing program is outlined by the development of

specific test objectives for the following key areas:

2.2

Heat Exchanger Characteristics

Overall System.and Individual Element Thermodynamic Performance
Fouling Characteriétics

Effect of Ammonia/Seawater on Materials

Steady State Operating Characteristics

System Transient Dynémics

Off-Design Conditions Performance

'~ R/A/M and Safety Performance

Program Development

By applying objectives to overall system and individual element operations

a series of test questions was developed by the individual component designers and

_ systems designers. Next, research plans outlining an approach for the resolution

2-1 119
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of thé questions were deveioped. They specific testAprocedureé, data requirements,
instrument locations, and data sampling requirementé. Finally, test hardware con-
sisting of data acquisitioﬁ, data playback, test instrumentation and data analysis
equipment were developed to implement the research plans and fulfill test objectives

to support design schedules.

This approach to program development is illustrated in Figuré 2-1, De-
tailed results of this pfocess are preéented in subsequeht sectiédé of this report.
A general overview of data requirements was obtained by:én anélysisAof test ob-

jectives versus system elements and is presented in maﬁrix form in Figure 2-2.

Measurement accuracies (Apﬁendix,A) and data sample‘frequencies‘(3.6 and
4.9) given herein are congidered to be typical values, subject to revision foliowing
additional analysis (2.3). They were developed here to facilitate the test in-

strumentation and data acquisition efforts.

The instrumentation effort is a survey of hardware and technologies ap-

plicable to the OTEC program, and considers parameters such as:

e Measurement Range
e Measurement Accuracy ,
e Compatability With OTEC Environment

e (Cost

e Cummerclully Available Versus Developmental Items .

The data acquisition and analyéis effort develops a design to meet thé
OTEC test requirements, but provides flexibilityifo adapt to change; in nﬁmber Qf
sensors, sample frequencf rates, etc. The sysfems' real tiﬁe anaiysis capability
provides the operator with performance values, data tabulations and graphic displays.
Anothef system feature 1s éimplicity of installation,.operation and maintenance.

The system is designed for compatibility with modular power system design concept.

2.2
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.Satellite data modules are packaged within an envelope of a few cubic feet. The
central processor, data storage, man-machine interfaces and system peripherials

are design to be installed in a mobile 40 foot long trailer/laboratory.

2.3 " Conclusions

‘This report provides the conceptual &eVelopment of a plan whose im-
plementation will achieve OTEC Test Program objéctives and goals. In the next
phase of the OTEC-PSD prbgramieffbrts should be directed to further develop the

work contained in this répoft as follows:

~® Prepare a detail Test and Evaluation Plan.

® Provide specifications for instrumentation and data
acquisition system in detail sufficient for prdcurement.

e Define in detail all interfaces between system testing

hardware and pla tforms, system elements and control system.

In addition to the above efforts the tasks described below shquld also

be initiated in supported of the Test Program.

2.3.1 Accuracy Analysis

This analysis will define acceptab;e lévels of perforﬁancé calculation
uncertainty for the system and individual elements. These accuracy requirements
will be used to determine individual sensor accuracies. An accuracy versus cost
and feasibility analysis of these requirements may, in some cases, require the
employment of statistical techniques to improve measurement accuracies. Theée
techniques include increasing the number of sensors, varying sensvr locations,
increasing data sample frequency, and increasing test duration. In addition,
system geometry and dynamicg may also require statistical techniques to reduce

data measurement uncertainty.
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2.3.2 Design of Experiment

This technique determines the parameters of interest for a particular
experiment and which parameters will be allowed to vary during the ekperimeht.

Predictions regarding parametric interactions are also developed.

2.3.3 Instrumentation Devélopment

Certain measurement'techniques discussed in section S‘require instrumentation
development. If any of these techniques are selected as OTEC test. instrumentation,
a program should be started during the next OTEC phase to develop the hardware

required for testing.
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3. TEST ARTICLES' - RESEARCH PLANS
3.1 Introduction

The '.l'_eét Articles consist .of a 0.18 Mie evaporator with integral moisture
separator and hotwell and a condemser with integral hotwell Their dimpact on the
power system in terms of both cost and performance is sufflcient to make ~separate

testing prior to deployment of the Modular Experiment very desirable.

The Test Articles' research plans are devoted entirely to heat exchanger
performance and phenomena. Heat exchanger and external parameters are varied to

determine full range performnce characteristics.

Unlike the Modular Experiment where a total system is being developed,

the Test Articles'’ program»will include:

® Recomrended data measurements
® Suggested instrumentation
e Installation of semnsors supplied or specified by the Test

Director in areas not easily accessable after manufacture.

. - ) . ¢
This section is concluded (3.8) with a discussion of the impact of

Aluminum as the tube material in the Test Article.

3.2 Test Questions

The Test Articles' Research Plans will answer questions as to overall

heat exchanger performance. Specifically the heat tramnsfer algorithms will be

verified. Pressure drops of both seawater and ammonia across the heat exchangers

will be measured. Seawater distribution from the plemm through the waterbox

and to the tube bundle will be recorded. The distribution of ammonia liquid and - - e

vapor in the heat exchangers will be verified.

The unique design of the Test Articles and their proposed test loop

3-1
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facilitates testing specific heat exchanger characteristics. Test will defermine

the relationship between evaporator vapor output and the magnitude of ammonia

feed and recirculation.

Within the evaporator, the tube bundie amhonia exit velocity distribution:

will be determined. Vapor-liquid.entrainment as a function of. skimming velocity

will be noted, as well as separator exit Quality;

Oﬁher questions regarding specific eﬁaporatq;'phenomena include:

Liquid Distribution:
Tube Wetting
Film Stripping and Deflection

Minimum Film Thickness

Tube vibration characteristics will be measured over the entire design

range and at overload values, .

Heat exchanger performance under off-design conditions will include:

Changes in AT
Various feed/recirculatibn conditions
Load changes and loss of load

Changes in vapor &elocity

Changes in acawater velocity

The effect of fouling and foulihg control techniques on heat exchanger

performance will be measured, The test will also determine the effect of ammonia/

seawater on selected candidate materials.

3.3 Measurements
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3.3.1 Heat Exchanger Performance and Characteristics

The measurements recommended for the Test Articlés' are shown in Figure
3-1 and listed in Appendix A.. Data will be obtained by direct measuremert and/or
calculations. The Test Articles are of a size and configuration to facilitate
the acquisition of data., The results are a key to the success of the‘Modulér

Experiment and Prototype Plants..

On the seawater side; pressure; temperature and flow measuréments will
be taken at the inlet and outlet of each heat exchanger. On the ammonia side
pressure drops in the evaporator, separator, and condeser will be measured. Else-
where in the ammonia system, temperatures and pressures willbﬂé measured for both
liquid and vapor phases. Techniques for obtaining reliable data, for the heat
exchangers, tube bundles, and iﬁdividual tubes, are developed and presented in

this section.

Both system operation and performance analysis require vapor flow measuré-
ments through the vapor recirculation loop. Measurements will be made at the
evaporator outlet, throttle inlet, and evaporator vapor recirculation inlet. Vapor
flow rate and velocity will be_recorded and also presenﬁed in real time to

facilitate test operation.

All ammonia liquid flOﬁs will be measured directly including; (1) feed,
(2) recirculation, (3) evaporator liquid drain, gnd (4) separator liquid drain,
Liquid distribution in the evaporator will be observed by‘t;king individual fiow
measurements at niné distribution chamber inlets apd at nine collection chamber

outlets.

Individual tube vibration measurements will be taken in 6 tubes on the
seawater side of the evaporatdr and condenser. Instrumentation will consist of

two inductive displacement sensors per tube (horizontal and vertical). The

AN
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NOTES:

* WESTINGHOUSE SUPPLIES EVAPORATOR, CONDENSER
AND RECIRC. BLOWER: ALL OTHER LOOP ELEMENTS
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measur ement output, the.tube's orbital displacement, will be presented on an

oscilloscope.

Sea water temperature traverses will be made near individual tube entrances
and exits to ascertain any variation in tube loadings. This measurement will be
made on'clusters'qf‘six tubes each, in six locations in the evaporator and con-
denser. These measﬁfements are especially imboftant in the evapérator to verify

complete wetting of tube surface during. all modes of operation.

Ammonia quality measurements will be made in~the evaporator between the
tube bundle and separator, and at the separator exit. Velocity traverses of the
evaporator tube bundle will indicate the distribution of ammonia vapor exit

velocities.

Sight p;rfs will be located onlche shell of both the evaporator and con-
denser. Thgse,wiil be of particular help on the évaporator where they Qiil be
used for visual observation and photographic records of evaporator phenomena
(listed in 3.2). This technique is common praétice, with applicatioﬁs in industry

in fresh water distillation and chemical pfdcessing.A

3.3.2 Fouling and Material Considerations

Measurement techniques will beAéimiiér to those used on the Modular Ex-
_periments, and will be discussed‘in 4.8 énd‘4.9. Coupén racks will be located
on the seawater side in the inlet/outiet'ofbfhe evaporator/condenser and within
the evaporator and condenser shells. Each coupon rack will be instruménted'to

provide local temperature, pressure,and flow measurements.

3.4 Heat Transfer Performance Calculations

The technique used to verify the heat transfer algorithms is presented
in this section. Calculated outside heat transfer coefficient is the key design
parameter used in each case to verify design. Test data requirements, for these

calculations, include: (1) seawater inlet and outlet temperatures; (2) saturated
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7-A .
ammonia temperature; and (3) volume rate of flow for both seawater and ammon:ia.

3.4.1 . Evaﬁoratof Ou;sidé Heat Transfer Coefficient

The form of the equation usedAéo evaluate evaporator heat flux is as

fO].].;)VS: ' ’ ’ (1) -
. 1.86 S m+l

% =5723- (A Tg) . OR = K (AT g)
o . .

K and m are to be validated or changed.
The form'outsi&e of the heat transfer;coefficient, hy, , is calguléted as‘fqllows:‘.
(2) A
LT : .86 o m - - . -
,ho = __;723 (Arg) OR = K (ATg) ‘ o . (28)
Ihé nomenclature is presented in Section 3.4.6.
'First,Ausing.test.data measurements, the log mean temperatufé difference

is.cglcﬁlatedf

)

(Tin - Tsat) - (Tout - Tsat) 4 ' ‘ : B )
Ih T - il-
out sat

@ =y, B

Yin

out) o , (%)
* . . ' : " st .

Q=Ww TN | | | ®
Equation 5 assumes that the ammonia is a saturated liquid. If chis is

not the case, equation 6 accounts for the preheat required prior to evaporation.

L . . ‘ -
Q= WNH'; *1 +[WNH3 *'P'NHq ” ATPREHEAT (6)

Then the overall heat transfer coefficient is calculated:

U= 8 4

The overall reéistance is then calculated: (8)
DI
U
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N ) .

Finally, oﬁtside heat transfer coefficient, ho, is calculated using
the value of outside resistance obtained from equation. 10 below: -

E . I o (%)

h fim
o Ro
Outside resistance is calculated: -
R=%R - (R; "+ R +R) - (10)
" The equations used to calculate the individual resistance terms
:in equation 10 are presented below:
3;4;1.1 ' Seawater Resistanceu(Rijl
The Dittus Boelter equation is used to calculate the Nusselt Number:

. 8 _ .4 L :
Na = .023 R’ R ' (1)

The inside heat transfer coefficient is then calculated:-

h, o= Nuk . (12)
- T R di ’ - - . —
. Seawater resistance is finally calculated: i

. 1 * Ao ) .

Ri =hi AL : (13)

5'3;4.1.2 Tube Metal Resistance Ry

The following algorithms are used to obtain values for the thermal

conducfivity of aluminum and titanium,
(14)

n

Aluminum k‘m 119.5 .0168 T,

Titanium K = 11.7 =« ,0033 T, S (15)

The resistance is corrected to the appropriate surface by use of the

ratio of outside diameter to log mean diameter.
do -.di . - (16)

dm o -
A G
s The tube nmetal heat tranéfgr}éoefficient is calculated:

h =t~ do_ . 17)
o m 12'5m dm , , ' (

. The tube metal resistance is calculated:
1 - o a8)

" 3.4.1.3 Fouling Resistance (RF)

Fouling resistance is assumed to be equal to zero for this test.
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For this to be a valid assumption the tubes must be as clean as possible
when heat transfer testing begins and maintained in this condition during -
this entire phase of the test.
3.4.2° Outside Heat Transfer Coefficient Evaluation

The value of outside heat transfer coefficient calculated in.
equation 9 is comﬁared with the value obtained using equation 2.* Concurrence
of these two values validates the heat transfer algorithms,

In the event of nonconcurrence, equations 1 and 2 may be revised
to a form that is in better agreement with the heat exchanger configuration.
This will be accomplished using a technique such as the Wilson Plot to evaluate
better K ahdln'value;. Off-design values of overall and outside resistance
are obtained by performing the above test and varying the seawater volume rate
of flow. Seawater pump flow capability will have the following off-design c;pa-
bilities:

® Test Articles - + 50%

e Modular Experiment -+ 5%
3.4.3 .Condenser Outside Heat Transfer Coetticient

With one exception verification of the heat transfer algorithms for
the condenser is accomplished using the technique and calculations described
above in 3.4.1 and 3.4.2. The only exceptions are the equations used to evalu-

ate outside heat transfer coefficient. The single tube Nusselt condensing

' 2 3 .25 :
h, = .725,},‘5'%_1_&?1% - 19)

(V) £

equation is:

And when corrected for the tube bundle factor this value becomes:

h =h 1 vV ©(20)
OBUNDLE OSINGLE | —N;
TUBE

3.4.4, 1iquid and Vapor Distributioﬁ Testing.
. . Ro ’
*NOTE: UseATg= 0 (R /in equation (2) to obtain a value for h,.
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The ammonia liquid and vapor distribution tests are to be pggformed _
under the same conditions ( of clean heét exchanger tubes) as thq_heat‘tréngfer'
performance tests. This will clearly establish the relationship between liquia_
éndléapor distribution and heat transférAperformance.

3.4.5. Fouling _ '

_ . When the tests desc:ibed above in 3.4.1 through 3.4.4:h5ve been -
completed, and heat transfer performance can be confidently predicted,‘syspem
fouling tests (as described in 4.7) will be started. The equations deséribed;
above are used to determine fouling resistange (Rf).‘ By répeating the experinegts
periodically values of fouling resistance and their rates of buildup can be ”

determined under different operating conditions and levels of fouling control

(i.e. dosages of chlorine).
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3.4.6 Nomenclature

A o " Total outside surface area

Cp Specific heat, BTU/(1b. ~F)
di Tube inside diameter, ft.
dm Tube mean diameter, ft.
do Tube butsidé diameter, ft.
g  Acceleration of gravity, ft./seg:.2

i Inside heat transfer coefficienf BTU/(hr.‘;OF -ft;z).
R Metal heat transfer coefficient BTU/ (hr. -°F - ft.2)
ho Outside heat transfef coefficient BTU/ (hr; -‘OF - ft..f“.
Kk " Constant in (1) and (2) |
k Fluid conductivity, BTUI’(hr. -OF - fg.)
km Tube metal conductivity, BTU/Z(Hr. - °F - ft.) -

Exponent in (1) and (2)

Nt Numher of tuhes in a vertical row
Ny Nusselt No., Nu = hi di/K
n Condensate loading exponent

P Prandtl No., P_ = C, wu/kK

Q | ﬁeat Load, BTU/hr.
iQ/Ab Heat Flux, BTU/ (Hr. = fL.z)
R, Reynolds No., Re - d {V//

Rf Fouling resistance

Ri Seawater resistance (l/hi)qorrected to outside surface
RQ‘ Tube metal resistance (l/hu) qorrected to outside surface
Ro Ammonia resistance (1/hg)
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SAT

W
NH3

W
SW

N

' o
Metal temperature, F.

o

Seawater inlet temperature, F.

Seawater outlet temperature, °F.

Saturation temperature

: . o
Overall heat transfer coefficient, BTU/ (hr. ~ F - ft

Velocity, ft./sec.

Ammonia volume rate of flow, lb./sec.

Seawater volume rate of flow, 1lb/sec.

o
Temperature drop across outside film, F.

2
)

T Temperature difference between evaporator liquid ammonia inlet temp-
PREHEAT 4

o
erature and‘T SAT,F'

Log mean temperature difference,

Latent heat, BTU/1b.,

2
Dynamic viscosity, lb. / (ft. - sec.)

2
Kinematic viscosity, ft.

3
Density, 1b.nm/ft.

/sec.
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..3.5 Procedures
" The heat exch#ﬁggrs'will be tested by starting the test loép and
runﬁing'it at normal stéady state design conditions. During this operation
measurements will providé‘daﬁe for tabulations, plots, and input for the per-
formance calculations previously discussed. It is planﬁed té employ "real fiﬁg'
dafa reduction go facilitate graphic presentation of inte;qediate'results duriné
.testing. In addition to steady state,pperation testing,'pther tests will require

specific procedures as discussed below.

3.5.1 Ammonia vapor velocity tests.

[}

Verification of the evaporétor pérforated plate design should be’

' performed early in the test series. To accomplish this test the test lobb will
be run with the vépof recirculation line blanked and the vapor recirculation
blower stopped. The ammonia‘vapor exit velocity distribution wiil be measured
as i; leaves the evaporator tube bundle. This data will be .used to ﬁodify the
perforated plate as:necessary; before it is replaced in the evaporator. After
the blank is removed from.tbe vapor recirculation line the loop ;111 be ready
for subsequent testing to begin.

During testing, vapor recirculation flow and velocity will be deter-
minedbby the throttle valve and blower controls. It is expected that flow will
be split approximately nine to one between recirculation qnd thro;tle gontrol‘
respectively. The vapor velocity will be varied through ;he normal expected‘.:
range and also into ovgrlqu regions and the following characteristics reéorde%_}

‘andfor observed:

e Film stripping.and deflection

® Vapor - liquid entraimment resulting from exit velocity skimming

e Tube vibration
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.3.5.2. Evaporator Ammonia Flow Distribution

Flow distribution of ammonia in the heat exchanger will be measured
by temperature traverses of individual tubes on the seawater side. In addition
to this measurement. liquid distriBﬁtiohAin the evaporator will be bheckedvpging ,

* 2 flow instrumentation in the distribution/collection chambers. .

The 1iquid ammonia will be recirculated throﬁgh the evaporator with
the warm seawatg; pump stopped, to verify balance of.flows between respecti&e"
'distribution/collectioﬁ chambers, These flows will again be'monitored during
normal test loop‘sgeady state operation to verify balanced distribution. After
fhe‘above diétribution balances have been verified there will no longer be a need
to maintain or record all 18 flow measurements in the distribution/collection

chambers.

3.5.3 Reflux Rates

This test wiil establish the relationship between evaporator vépor
flow out, total liquid flow in, and the. ratio of recircﬁlated ammonia to total
ammonia flow into the evaporator. This test will-be performed by a process of
varying evapdrator feed and recording all flows. First ammonia feed flow will be
‘élowly increased until the ammonia level Begins to rise in the evaporator drain
‘tank. Then the ammonia recircuiation pump will be started and controls activated
to maintain constanﬁ level in the evapéfatbr drain tan&. Finally the ammonia
. feed flow will be slowly increased again until the ammonia vapor flow out of
the evaporator no longer is increasing. The actual ammonia vapor flow out of

the evaporator will be equal to evaporator vapor outlet flow less vapor'recirculation

flow., Several runs of the above test will document the ammonia reflux ratio.

3-13
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3.5.4 Off-Design and Transient Performance

Off-design performance tests will include varying warm and cold sea-
water temperatures and/or flow rates and observing heat exchanger performance, and
changing throttle valve settings to simulate changes in test loop loads. A
sudden full opening of the throttle valve will approximate the turbine by-pass valve
during a loss of load situation. As the throttle valve is opened the liquid
ammonia flow to the evaporator will be shut-off to further simulate the loss of
load situation. The flashing and increase in ammonia vapor flow effects will be

observed and recorded.

3.6 Data Measurement Frequency

The measurements required to Qerify the heat exchanger algorithms will
be read every five minutes during steady state operation. These include the sea-
water flows, seaﬁéter inlet and outlet temperatures, ammonia flow and ammonia sat-
uration temperature. .In general all other temperatures, pressures and flows will
be read every ten minutes. Ammonia vapor velocity will be checked and reset at
this frequency, except during off-design testing when it will be read and set every
minute. Ammonia flows will be read at one minute intervals during the tests to
determine reflux ratio. Ammonia flows through the dist?ibution and collection cham-
bers will be read at one minute intervalé dﬁting flow distribution testing. Tube
-vibration, temperature traverses and ammonia quality will be read every five
minutes.

The measurement frequeﬁcies presented above represent:typical values.
Specific'case sampling frequency and test duration will be determined by an accuracy
analysis in detail design as discussed in 2.3.1. The.early segments of the tesf
ééhedule will be concerned wiﬁh special purpose testing and will require relatively
higher.measurement frequency rates. Following this specified period of special
purpose teéting the teét articles will be scheduled to run at steady state design'
conditions for long periods of time with relatively lower measurement rates.

3-14
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3.7 Environmental Data

A certain correlation exists between Test Articles and local
‘environmental conditions. The following data will be recorded during testing and
their impact will be considered during performance analysis:

° Water column temperature distribution

° Water column currents

o Sea State

° Local biological déta

° Weather conditions
3.8 Test Article Tube Material

Aluminum is the tube materiai to be used in the Test Article. Its

use has modified the Test Article design configuratibn as originally developed for
titanium tubes. However, the changes will not preclude the application of design
data obtained to the 10 Mie Modular Experiment and the commercial 50 MWe/40 MWe
modules built with titanium tubes. The Test Articles will prove the technical fea-
sibility of the Westinghouse OTEC heat exchanger de;igns. It also wiil verify the
aBility to predict performance parameters, thus providing the confidence required
for the larger design effort. | | b

 Aluminum tube design requires & wall thiékness that is greatervthan
titanium, Tﬁe revised design‘decreases the tube inside diameter while maint;ining
the same outside diameter and tube spacing configﬁration. Thus the.Test Article
still accurately models important shell side phenomena including: (1) film heat
transfer coeffiﬁient; (2) 1i§uid distribution;.(B) tﬁbe‘wetting/dry out; and (4)
’ film deflection. Inside characterisfics.are‘more predictable, thus exact modeling
is less ciitiéal, The seawater volume flow rate wili be reduced to maintain design
velocity thrqﬁgh’the heat exchanger tubes. Thus the iﬁéide heat exchanger coefficient
¥emains unchanged, but its effect on unit performance is also a function of the ratio
of tube I.D. to 0.D., a;nce all coefficlents are corrected to total outside surface

3-15
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area. Design seawater velocity will model its effect on material erosion and foul-

ing; however the material will be different.

Aluminum tubes require a revised suppoft configurétion as a result of

diffefent strength and damping characteristics. Therefore, titanium tube suppo}f'

design will not be tested. However the tests will verify theltechniques used to pfe-
R IS TR A £ - . s i
dict tube vibration characteristics in OTEC applications.

£y I VR
Aithough the use of different tube material will prévént the collection
of other valuable material performance data such as thé‘fatiQué characteristics of

the Linde surface bond, corrosion, and thermal conductivity of titanium tubes, cou-

pon racks will help supply some of the material data Qf interest.

3-16
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4. MODULAR EXPERIMENT RESEARCH PLANS

?he research plans for the Modular Experiment are‘presented in this
sec;ion. The test questions developed concern the overali syéte;, individual system
, elemgntgﬂand specific susjggts. For each question a pl;n has been devised to.ogéain
the answer. The plank inclgdg data reqirements, instrument lpcatioﬁs and test ;IOf
_pedgres. A qﬁmmary éf the testvdatavrequifementglis sﬁown ?nhgpe ;ysgem s;hématic,

Figure 4-1 and listed in Appendix A.

4.1  ° Heat Exchangers and Moisture Separator

The heat exchanger tests will be similar to those recommended for the
Test Articles. However, less emphasis will be placed on specific heat exchanger
phenowena. The performance tests will verify the Test Articles' results, and verify

that the heat exchangers are contributing to total system performance as predicted.

4.1.1 Test Questions

The Modular Experiment will confirm the findings of the Test Articles
at actual plant operating conditions. Thus providing further confidence in the

answers to the following:

o ' Verification of the heat transfer algorithms

° Establishment of ammonia reflux ratio

o Tube vibration characteristics

° Seawater and ammonia pressure drops across the heat exchangers

and moisture separator.

o Seawater temperature distribution in the evaporator and condenser.
® Ammonia liquid and vapor distribution ia the comlenser and

syaporator shell side.
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4.1.2 Measurements

The measurements are similar to those to be made on the Test Articles.
Seawater'inlet and outlet temperature, pressure and flow will be measured on both
the condenser and evaporator. Inlet and outlet ammonia temperatures and pressures
will ﬂe measured at the evaporator, separafbr, and condenser. Liquid ammonia flows
will be measured at the outlet of the evapdfaFor and separator and at the evaporator
inlet. . |

Iube vibration characteristiés will be measured in six individual tubes.
In each tube, displacements in the horizéntai and vertical planes will be measured
by two inductive displacement sensors. Recorded data will be presented in orbital
format on an oscilloscope.

Temperature traverses will be made near tube entrance and exit to ascer-
tain any variation of individual tube loading. They will be located at the iﬁlet
and outlet of the evaporator and condenser. Measurements will consist of clusters of
six tubes in three locations. This measurement is to verify the Test Articles' results

on the Modular Experiment sized heat exchangers.

4.1.3 Calculations
Calculations for verification of the heat exchanger design algorithms

are the same as those used with the Test Articles in 3.4.

4.1.4 Procedures

Heat exchanger performance data will be measured during all the Modular Experiment
tests. These tests are discussed in the following sections. They include steady
state tests over long time intervals, off-design condition testing, and system tran-

sient dynamic response performance.
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4,2 Thermodynamic Performance

Thermodynamic. performance testing will consist of'performing,complete
heat balance calculations of the OTEC plant while operating at an ocean site. Over-
all system and individual element perforﬁances will be.analyzed. The test will be
performed at designed steady state condi;iong;“bggiadditional tests, measuring the
same performance parameters, will be performed at off-design_conditions. Test |
questions to be answered are overall laéd individual eiemgnt efficiencies, and eva-

porator reflux rate. : N

4.2.1 Overall System and Individual Element Thermodynamic Per formance

The thermodynamic perfoménce calculations for the OTEC system are
presented below. All measurements referenced have been previously identified

as data requirements on Figure 4-1 and listed in Appendix A.

4,2.1.1 Net and Gross Power System Efficiency

‘Power sysfem efficienéy 15 a measure of the effectiveness with which
the system uses the total available energy which is a function of the temperature
differential between the warm and cold seawater. Net and gross power system efficien-

cles are calculated as follows:

KWk ‘

N wer- NET  3412.14 4 (21)

G H_ -G H :

WsW % WSW  CSW  C8W

’7? GROCE= GRO33 412,14 ' (22)

G * H - G * H

WSW Wsw CSsw nSw

4t
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where;
NET
GROSS

WsW

- CSW

wewW

CswW

4.2.1,27

Measured system net terminal output power, KW

Measured generator output power, KW

Measured warm seawater flow, 1b./hr.

Measured cold seawater flow, 1b./hr.

Enthalpy warm seawater, Btu/lb. -determined from temperature
and pressure measurements of the warm seawater.

Enthalpy cold seawater,‘Btullb.'-vdetermined from temperature
and pressure measurements of the cold seawater.

Turbine/Generator Efficiencies

Using the data available three different efficiencies will be calculated.

Turbine Cycle Efficiency

Turbine cycle efficiency is a measure of the effectiveness with which

the system uses the available energy which crosses a boundary surrounding the turbine/

generator and condenser, It is calculated by ‘the equation:

KW *
TURB CYC =& : GROSS - 3412.14 ‘ (23) .
G * H -G * H
THT . . THT ~ FEED FEED

4-5
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where:
KW = Defined in Eq. (22)
GROSS
G - ’ .
FEED = Measured ammonia}feed floy, 1b. /hr.
H"['H"r = Enthalpy ammonia vapor at turbine inlet, Btu/lb. -
o determined from pressure and quality measurements at turbine
inlet.
H . .
FEED = Enthalpy ammonia feed, Btu/lb. - determined from temperature
and pressure .measurements.
G . . : »
THT = Ammonia vapor flow at turbine inlet, 1b./hr. - Equal to
) G minus hotwell increase plus hotwell decrease.
FEED .

Turbine Efficiency

Turbine efficicney is a measure of the effecliveness with which che
turhine nses the tntal energy available undor idral ennditions. It is caluulated

by the equation:

H - H
Alg Her ™ Hpg
where:
H- - | Defined in Eq. (23)
THT
AlHIS - Assumet an isometric process where entrupy at turbine inlet

146

equals exit entropy. Since inlet pressure and quality are given
it is possible to determine inlet and exit entropy. Then exit
quality is calculated and exit enthalpy is determined.
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and:

H
TOT EXIT

Whefe:
b
THT  THT

GROSS .

WL

G * H KW -(ML + WL
THT THT GROSS ( ) (25)

THT

Defined in Eq. (23)

'

Measured generator output power (at a specified power factor),

Turbine mechanical loss determined by measurements of lube oil
flow to cooler and AT of lube 0il across cooler.

Windage loss determinéd.fﬁéﬁ-geﬁerator hydrogen pressure and
purity.

Generator Efficiency

GEN

* 'The effectiveness with which the generator uses the energy available

to it is a function of generator losses. It is r2'culated by

~ the equation:

X - WL

KW
GROSS

47
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where:

KW - Defined in Eq. (22).
GROSS

WL - Defined in Eq. (25)

4.2.1.3 Evaporator Enthalpy

Evaporator enthalpy is calculated as a measure of evaporator and separator
performance. It will be compared with predicted values in performance evaluation.

It is calculated by the equation:

G *H + G * H
H =~ _THT THT SEP SEP
EVAP VAP

where:
G & H = Defined in Eq. (23)

THT . THT
G = Measured value of liquid ammonia out of separator, 1b. /hr.

SEP ’
H =

= Enthalpy of ammonia at separator outlet determined from

SEP tcmpecraturc and pressure measurements, Dtu/lb.
The vapor flow at the evaporator outlet is calculated as follows:

G (e + G ) -G~

EVAP VAP = - FEED RECIRC EVAP LIQ.
where:
G = . .

: = Defined in Eq. (23

FEED q. (23) |
cRECIRC , = Measured value of recirculated ammonia, 1b./hr.
G .

EVAP LIQ. = Measured value of liquid ammonia out of evaporator, 1b./hr.



4.2.1.4 Evaporator Reflux Rate

During the thermodynamic performance steady state testing evaporator

reflux rate will be calculated as follows:

. G .
RECIRCULATION RATIO = EVAP LIQ - (29¥
G FEED + Cggcirc ‘
SERYIP
. where:
G e & G :
EVAP L1IQ  FEED RECIRC Defined in E_q' (28)

Furthermore the relationship between evaporator vapor flow out, and
total liquid flow into the evaporator will be measured during plant start-ups. The
procedure is the same as that described for the Test Articles in 3.5.3. Ammonia feed
and recirculation flqw rates will be measured directly. Ammonia vapor flow out of
the evaporator is calculated in equation (28).

Vapor flow rate out of the separator is calculated as follows:

G = G -G
THT VAP EVAP VAP SEP LIQ (30)
where:
G - Defined in Eq. (28)
EVAT VAP : :
G - Measured value of liquid ammonia out of separator 1b./hr.
SEP LIQ
4.2,2 - Steady State Operating Characteristics

The heat'balance calculations wili Bé performed during steady state
plant operating coadlitivus,- During each test the planc will be run at design load
for a period of two hours. Addifional time will be allowed to enable the power
system to stabilize before testiﬁg begins., Data readings will be taken o&er the
entire test period and calculations will be performed using data averaged over the

collection period.
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During testing the gystg@_yill be totally iso}atgd. The make-up and
dump control valves will remain in the closed position, Isolation blocking valves
located on the storaée system side of these control.valves will also be shut. The
no leakage condition will be verified, during the test, by moniforing the flow meters
in the make-up and dump lines, and by temperature probes between the control valve
and blocking valve.

Pre:tests are planned to checkout and verify test instrumentation, For
example, the acoustic flow meter, measuring the ammonia feed, will be calibrated with
a throat-tap flow nozzle in parallel with the ammonia piping. Another pre-test will
be a comparison of readings taken by a thermocouple traverse of the seawater pipe

versus therocouples placed around the pipe's inside diameter.

4.2.3 Off Design Conditions Performance

A series of tests, similar to the oné described above, will be performed
for off=design conditions. Off-design seawater temperature testing is achievable
as such conditions become available on site or by mi#ing the seawatgr in the plenums
befofe the heat exchangers. A variability of 5% 1in seawater pump flow capapility

provides additional potential pff-defign testing combinations.

4.3 Operational Performance

The control system has been designed to ﬁa{ntéin'system stability during
start-up, steady state with design load, and normal and eﬁergéﬁcy transients. .A':
dynamic computer model has been designed to simulate control system responsébéhéfécter-

istics. One of the first test objectives will be the verification of the control

system dynamic model's predictions.

4.3.1 Test Questions ‘

Test questions are specifically concerned with the system operational
performance characteristics. These include the following:

4-10
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° System start-up and coming up to full load.
] Ability to maintain stabilized operatién at full load,
° Ability to handle step load changesAor changes in operating par-

ameters such as seawater temperature.

] Loss of load performance.
e Emergency shut down.
] Verify that speed and load control are satisfactory for utility

type service.

4.3.2 Measurements

Many of the measurements required for Control System testing have. al-
ready been identified in previous test descriptions. These include pressure and
flow measurements in the ammonia loop. Others are unique to control system operaﬁion.
They include control valve position and control signals, and maké-upiand dump line
' flow rates.

0f special interest is the flow and pressure drop in the ammonia vapor
lines. It is especially i;portant that vapor flow be measured in the lines thaé
split between the turbine and bypass valves; The flow and change in pressure acrégs
the ammonia pumps will be measured. All temperatures associated with ammonia flow
will also be measured.

_ Recorded data will provide the material for performance curves that will
be»used to analyze system responses and evaluate computer predictions. These plots
»inglqﬁe;

® Turbine Vapor Flow vs Lift/Diameter of Control and By Pass Valves.

® fgrbine Vapor I'low vs Small Changes in Centrol Valve Bositiqn.

e Ammonia Vapor quw Vs. Time

o Turbine Speed vs8. iime

) Ammonia Vapor'Flow vs. the Sum of AmﬁoniaAFeed and Recirculation
Flow.
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° Pump Discharge Flow vs. Pressure
® Valve Pbsition vs, Time

. Error Signals vs. Tiﬁe

4.3.3 Procedures .

“- oo e .

The control system includes its«own system-apegation gimﬁlafioﬁi
program. It will be used dockside following :the installation of the control system
to verify control logic and Qalve responses to éystém operating cgndifions.

On site the control system tests will be the first performed sinée
control systém verification is prereéuisife to-other tests. During the first
system start-up the value of vacuum obtainable will be an indic;tion of .the integrity
of system seals. Furthermore, during the first start-up a va;ugm hold test will -be
performed. After system stabilization measure air flow rate thrdugh air ejector system,
A criteria will be established for verification of a tight system.

Folloﬁing start-up turbine overspeed protection will bé‘the first
phase of the control system tesged. Drop the load at a level of load'orbflow such

that conditions are safe, with respect to overspeed, but high enough to be able to

- verify characteristics of overspeed protection. Analysis of the system characteristics
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plots will provide verification of the system's overspeed protection and the coﬁputer
dynamic model predictions.

The system will be operated with lel rated load in a éteady state
condition to test the ability to maintain stabilized operation. This ability will
then be further tested with step load changes and off-design changes in available‘
temperature differential and seawater flow rates. 1In addition to performing normal
operating sequence shutdowns # number of emergency shutdowns will be performed.
During the emergency shutdowns time requirements will be established for: (1)

pumping out liquid ammonia; and (2) drawing out vapor ammonia.

4.4 Turbine/Generator
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The turbine and generator will be tested on site under actural operating
conditions. As previously discussed in 4.2, performance testing includes turbine,
generator and turbine cycle effdciencies.

The tufbine, generator and ;heir rotors are instrumented to measure vi-
bration and rotor balance. Individual turbine blades are fitted with blade stress

t

instrumentation;‘ﬁnd thié data is felayé&'éghtheArecording station using an FM trans-
mitter ox high speed slip riﬁgs) S |

:The turbine will be factoéy tested to verify per formance, usigg'steam as
the working fluid. Prior to manufacture tﬁfbine design will be verified using the
following model tests: .

| . Gland Séal

o Aerodynamic

o  Exhaust Hood

. Blade Section Casc;&e

A model with the same gland geometry as the 10 MWe turbine will be tested
using ammonia as the working fluid. It will be run at speeds of from 3600 to 7206
rpm to verify pfedicted leakage, "0" ring reliability, and corrosion resistance of
'ﬁétérials. A scaled model of the-inlet configuration will be used to veriff prediéted
inlet loss, éliminate adverse blade viﬁréti6n~effects and maximizé efficiency. |

A threé-dimansional model of the exhaust hood will be tested with the
objectiﬁé to increase design efficiency. Seétioﬂs of the rotating blade, such as
tﬁe'hub, mgén and tip, will be céscade tésfed to verify profile losses.

| | The turbine and generator will be factory tested by first running each

foﬁor'in a héatéfbox and secondiy by peffofmanceAfeéting using steam as the working
fluid. During the heaterbox.teéting mechanical vibration will be measured while
each rotor is run through the design speed r;nge and up to the required value of

overspeed.
4-13
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A facility such as the one presently available at the Westinghouse Lester
Site is required for performance testing the turbine and generator using steam as the
working fluid. Under these conditions the turbihe output will be approximately
2,000 kw. The first test will be to measure the efficiency of the turbine only'using

a waterbrake load. Then the turbine and generator will be run together to determine

_generator efficiency. The latter test will require the development of a water rheostat

154

device. During these tests strain gauges on the blading will measure blade stress.
These measured values will then be used to predict blade stress at full load in the

OTEC power system.

4.5 Seawater Pumps

The Modular Experiment is the first opportunity to test the seawater pumps
in operation with the total OfEC power system. Pump parameters, such as power require-
ments, flow rates, and speed will also be measured during all tests. Power require-
ments are a key measurement, since the seawater pumps are the systems greatest para-
sitic loss. These parameters will be used to develop pump performance curves for
comparison with predicted pump characteristics. Other pump test'questions include

the following:

. Pressure profile across the pumps

. Pump vibration and balance characteristics

° Pump seal leakage

. Pump characteristics at off-design flow rates

Pump flow rates, pressnres, temperatnres and power requirements are being
measured for other system tests and will provide some of the pump data requirements.

The pumps will be instrumented to measure vibration and rotor balance.
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A pressure profile across each pump will be obtained.by stationing pressure
instrumentation at approximately five foot intervals across the pump as follows:
(1) 2-before the pump section; (2) 6-along the impeller, stator, pod and casing;
and (3) 4-along the diffuser. Seal leakage will be obserged by monitoring the
pressurized air line to the pod and ‘recording make~up air requirements. ©During periods
of off-design flow rate testing all pump parameters will be will be recorded for de-

velopment of off-design characteristics.

4.6 Ammonia Feed and Recirculating Pumps

Ammonia pump test data will be collected during all the system and element
testing. Pump power requirements and speed, ammonia flow rates, pressures and temp-
eratures will be recorded during all tests. These parameters will be used to develop
pump characteristic curves for comparison with predicted. The pumps will be instru--

mented to measure vibration and rotor balance.

4.7 Fouling Characteristics

4.7.1 Test Questions

Fouling characteristics considerations are presented here but are also
applicable to the Test Articles in section three. The OTEC heat exchanger feasibility
and cost are significantly dependent upon fouling characteristics. A test period
of six months to one year in situ should provide answers to the following key issues:

. What are the rates of fouling on heat transfer surfaces? (Seawater

and ammonia side).

. Can fouling be controlled?

® Can heat transfer surfaces be cleaned to provide economic plant opéra-

tion? What is the best method of cleaning?

° Is the rate of fouling dependent upon external conditions, e.g. sea-

sonal, weather, etc.

4=15
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e Does fouling reach an asymptote or is periodic cleaning required?

Secondary guestions include the fouling rate of cold water and the
the effect of mixing nutrient rich cold water with warmer near surface water.
Alternate techniques of fouling control should be evaluated during the test
period. These include turbulence inducers such as twisted tapes or air injectors.

The envirommental impact of fouling control should also be determined.

4.7.2 Data Measurements

Fouling data measurements will be taken over the duration
of the test prog;'am. Fouling characteristics will be determined directly by. '
measurement and observation, and indirectly by calculation.

However, this reading may also be effected by othef faétors such as

pollution in the seawater. '

4-16
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The plant's chlorination system plans to use an analyzer to determine the

- amount of chlbrine to be distributed to the seawater intake. Monitofing the analyzer
readings and chloripe distribution values may provide an indication of fouling trends.
However, tbis' reading may also be effected by other facturs such as épllu,tion in the

' ‘seawater. Another direct measurement uses an instrument that determines fouling
resistance as a function of tube metal temperature. This téchhique is - new and may
fequire some developmental effort.

A television system will provide a means for direct observation of féuling
during periods of plant operation. A system of TV camera and lights will be peri-
odically inserted into the waterboxes of the heat exchangers for visual inspection
of fouling buildup on the tubes. Periodiﬁglly water ;amples will be removed from
system;test points for bacteriaological studies and growth counts will be recorded.
During periods of shutdown for cleaning the conditions of the heat exchanger tubes
will be observéd directly from the waterbox befére #nd aftef cleaning. Periodically
fouling coupoﬁs will be removed from various.coupon racks throughout the system.
Coupon samples will consist of various tube and system element materials provided
with fouling preventiqn\coatings and a corresponding unprotected control group.
Instrumentation in the vicinity of these racks will measure local temperatures,

pressures, and flows. The coupon racks will be located as follows:

Number of Racks Location

3 Cold Water Pipe

2 - Evaporator Plenum

2 Condenser Plenum

4 Condenser Inlet & Outlet Waterboxes

4 Evaporator Inlet & Outlet

) Waterboxes.

2 Cold Seawater Pump Suction &
Discharge

2 Warm Seawater Pump Suction &
Discharge.

4=17
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Fouling resistance will also be calculated usiné the heat exchanger per-
formance calculations as described in section 3.4. Fouling resistance will also impact
turbine net and gross output.

Data output will include typically presentations of waterside fouling re-

sistance versus time, and fouling control techniques.

4.7.3 Procedures

Testing will include an uncontrolled fouling buildup situation. After
establishing a condition of élean heat transfer surfaces(either when plant is
first started or after shutdown for tube cleaning), the plant will be run with no
fouling control and fouling buildup will be monitored with respect to time. Then
fouling control will be introduced and heat transfer performance will be observed.

‘

4.8 Effect of Ammonia and Seawater on Materials

Material considerations presented here are also applicable to the Tést
Articles in section éhree.
- One source of Qaterials data will be performing destructive testing; upon
test conclusion; consisting of metallographic tests. Of special interest is the
condition of the Linde Surface.

During periods of maintenance shutdowns all system materials will be exa-

mined for corrosion and galvanic effects. The following effects are of special in-

terest:
. Tube inlet - end erésion
L] Tube ID pitting
° Other tubebéérrosion problems
. Pump‘erosion and corrosion problems

Some tubes will be partially blocked during operation to evaluate this
effect on the tubing.. N

Intermediate test data will be obtained by examination of specimens located
on coupon racks throughout the system; Sufficient specimens will be pfovided for
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removal and examination for different periods of operation. Specimens for the coupon

racks will include:

° Several types of aluminum, including the Linde surface
° Carbon steel and coated carbon steel |

° 31LSS pump alloy;

] Ni - Cr-Mo-V and other turbiﬁe alloys in ammonia

L] Titanium

° Stressed specimens of many alloys including carbon steel

Whenever possible the material racks will be located in the vicinity of -
fouling racks, thus sharing local measurements of temperature, pressure, and flow.

Coupon racks will be located as follows:

Number of Racks Location
3 Cold Water Pipe
2 ! Evaporator Plénﬁm.
2 Condenser Plenum
4 Condenser Inlet & Outlet
: Waterboxes
4 : Evaporator Inlet & Outlet
Waterboxes
2 ) Warm Seawvater Pump Suction &
' Discharge
2 : Cold Seawater Pump Suction &
Discharge

.(NOTE: The following racks are located on the ammonia side).

2 . Evaporator
2 | .Separator
2 . ‘Condenser
‘2 Hotwell
2 - o Ammonia Storage‘Tank
S [ ,
4+19
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System perforﬁance is degraded by the presence of water in the ammonia,
However, a small amount of water is necessary to prevent stress corrosion cracking
of steel. Both Test Article and Modular Experiment Testing will include procedures’
for monitofing'and controlling the water content in ammonia throughout the system.

Analysis of the data will contribute to a greater understanding of this pehenomena.

4.9 Data Measurement Frequency

In general, all temperatures, pressurés and flows will be read every ten
minute;. MeéSurements gequired‘for the heat exchanger algorighm Qerification will be
read evefy five minutes. These include seawater flow rates and inlet/outlet tempera-
tures, and ammonia flow rates and saturation temperature.

The plant heat bal&nce test will be two hours in duration. 'During this
test interval measurements uséd directly in the heat balance calculations will be

read every five minutes. These include:

[ Generator Net and Gross Power

e ° Pump Power Requirements

° Seawater and Ammonia Flow Rates

] Seawater and Ammonia Temperatures and Pressures
. Ammonia Quality

Operational performance testing will require short duration high fre-
quency data measurements. Typically during a loss of load test measurements will be

read five times a second for a period of 60 seconds. These measurements. include:

® Ammonia Flows

] Ammonia Liquid and Vapor Pressure
° Valve Position and Control Data

. Turbine Speed

4-20
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Heat exchanger tube and rotating element. vibration, tank levels, tempera-
ture traverses, and coupon rack location conditions will all be read at ten minute in-
tervals. |

The measurement frequencies presented above represent typical values.
Specific case sampling frequency and test duration.will be determined by an accuracy
analysis in detail design as discussed in 2,3.1, The early segments of the test sch~-
dule will be concerned with special purpose testing and will require relatively higﬁer
measurement fréquency :étes. Tollowing this speéified périod of special pﬁrpose
testing the Modular Ekperimeﬁt hi}l be scheduled to rﬁn at steady state desigﬁ

conditions for long periods of time with relatevely lower measurement rates.

4.10. Reliability/Availability/Maintainability and Safety Performance

R/A/M and Safety considerations will be determined for the Test Article
and Modular Experiment by a technique of recordkeeping and post-test evaluation.
Detail maintenance and safety logs will be recorded during all on site tests. They
will contain reports of the causes and effects of all failures, times to repair, and
logged hours of plant operation.

Post-test analyses will use these records to determine plant performance -

criteria such as:

° Availability

° Mean Time Between Failure

e Mean Time to Repair

° Verification of Failurc Modes and Effects Analysis
° Safety Record

421
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4.11 Envirommental-Considerations

A certain correlation exists between the Modular Expefiment performance
and local envirommental conditions. The following data will be recorded during

testing and their impact will be considered‘during performance analysis:

e  Water column:tempefature distribution
° Water column currents

o Sea State

e Local biological data

. Weather conditions

In addition the local chemical and biological béseline of the site will
be determined before testing is started. Periodically the baseline will be updated

to determine the effect of the OTEC plant on the local environment.
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5.0 INSTRUMENTATION AND DATA ACQUISITION SYSTEM
. The instrumentation and data acquisition system presented herein

. 1s a general outline of .current practices in testing, availability,

capabilities, and problems which can be encountered by using certain types '

os instrumentation. The instrumentation and data acquisition system was

determined according to the test requirements in Appendix A,
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5.1 INSTRUMENTATION
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5.1,1 TEMPERATURE MEASUREMENT

Introduction
Measurement of fluid temperature is required at 168 locations in
the Test Article and 119 locations in the 10 MWe Modular Experiment.
The large number of locations requires a fully automatic measurement system
for continuous recording of temperature values. The following section describes
an approach to providing such a system for both the Test Article and 10

MWe Modular Experiment,

Requirements

For the test article, all 168llocations will be exposed to a~p6ssib1e
10°F temperature variation somewhere in the 35°F to 85°F range. Fér the
10 MWe Modular Experiments, 114 of the locations will be exposed to similar
10°F variations in the 35°F to 85°F temperature range while three locations
in the Lube 0il system will see a possible 20°F variation in the 130°F to
150°F range. The vast majority of all the temperature measurements are re-
quired to have an accuracy of + 0.5°F. A small number, 6 in the Test Article
and 8 in the 10 MWe Modular Experiment, require a higher accuracy of + 0.1°F.
In addition to the three lube oil locations, the temperature measurements will
be made in sea water and also in ammonia, It is anticipated that the temperature
measurement capability will be required for the duration of the Test Article
program and at least the first year of the 10 MWe Modular Experiment. Elect-
ronics for signal processing and calibration will be expected to operate in
the typical OTEC environment without substantial (costly) protection. Reliability
and maintainability of the temperature sensors must be high to avoid plant

shutdowns to repair sensors, most of which are normally inaccessible,
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The large number of measurement locations implies that the per sensor
cost is an‘important consideration in minimizing the total priceyof the
temperature measurement system,.

The large size of. the -components and piping in both systems will
require spatial averaging for some of the temperature measurements to ensure
that an accurate bulk fluid temperature is determined. As a result,.mulgiple
temperature measuréments will probably be required at 11 of the Test Articlé
locations and 16 of the 10 MWe Modular Experiment locations. A detailed
analysis will be required to determine the exact number, but it is antici-
- pated that at' least three temperature sensors will be required at éach of.
the 27 locations. The remaining locations are either coupon rack or individual
heat exchanger tube locations, and it is anticipated that a single point

. temperature measurement will be sufficient for these locations.

Available Temperature Sensors

Acceptable temperature measurement devices are described in the ASME
Temperature Measurement Code.1 The automation and accuracy requirements
for the OTEC system limit the available devices to thermocouples and
resistance temperature devices. Analysis of the capabilities of thermocouples,
thermistors, platinum resistors and other noble metal resistance devices in-
dicate that the thermocouple is probably the best choise for the + O.SOF
temperature measurements., Its basic advantage is the long term stability
of the temperature-voltage characteristics of the thermocouple junction.
Experience with the thermncouple has showm it _t6 be much less prome to
drifting over long periods of time as compared to the resistance temperature

devices. Its basic disadvantages are the requirement for a reference temp-

1 ASME PTC 19.3-1974 The American Society of Mechanical Engineers,
Performance Test Codes, Part 3, Temperature Measurement, 1974,
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erature junction and the relatively low level voltage output of the sensor.
Since commerifally available thgrmpcouples are quoted to accuracies of. approx-
imately + 0.75°F, individual calibration of each the;mocouple will be required.
The relatively narrow range of temperatures to be measured will allow the
selection of thg‘type of thermocouple to be limited to one of four standard
types. These are Copper-Constantan (T), Iron-Constantan (J), Chromel-
Constantan- (E) and Chromel-Alumel (K), The emfs produced by exposing these
thermocouples to an 85°F temperature and referencing to 32°F are nominally
1.173, 1,507, 1.767 and 1.181 millevolts, respectively, Although there is
some variation in the magnitude of.the sensitivity of the different types,

. the selection of the particular type sould be strongly influenced by long-
term stability considerations. In the interest of standardization of the
signal conditioning and computer processing, it is recommended that only
one type of thermocouple be chosen, Suitable thermocouples encased in
stainless steel tubes are available for less than $100 each., The tubes can be
purchased with a threaded connection for insertion in a pipe and without
for installation inside a pressurized system. Typically, the tube diameter
is on the order of 1/8 inch and the tube length is 4 to 5 inches. The
stainless steel housing should be appropriate for the sea water, ammonia
and lube oil en?ironmentsﬂ | | |

The measurement of temperature to an accuracy of * 0.1°F in a select
number of locations (14) presents a more substantial ghallengq. These
accuracics arc not génerally achieved in field measurements with cogmercially
available equipment. Special Qa;e'will have to be taken in the deg?gn, con-
struction and operation'of this portion of the temperature measu;emént system
to ensure these accuracies for extended periods of time. Several approaches
to handling these accuracy requiremengs are available. To obtain + 0.1°F

accuracy in temperature measurement, specific thermocouples could be hand
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‘picked'to be withi; the + 0.1°F requiremgnt over a narrow 10°F operating
temperature range. Additional calibration at the OTEC site would probably
be required to verify this accuracy at suitable time 1ntefva1§; Instead of
thermocouples, platinum resistance thermometefé could be utilized. Again,
the sensors would have to be hand picked since industrial platinum resistance
ﬁhermometers are usually specifie& with an accuracy‘of + 0.5°F. It would be
‘feasible to calibrate them to an accuracy of + 0.1°F over a limited rangé in
‘much the same manner as the fhermocouples. Another option could be the use
of a quartz thermoﬁeter marketed by Hewlett-Packard., It opefates on the shift
of the'resonance fréquency of a quartz crystal as a function of temperature and
is claimed to have an absolute accuracy of + 0.09°F over the -112°F to +:80°F
temperature range. The chief disadvantage of this approach is cost since two
" temperature probes and signal conditioning would require at ‘least $5,000, -It
is also possible to use thermistors in conjunction with a resistance to temp-
erature table to obtain + 0.1°F accuracy., The thermistors would have to be
recalibrated at frequent intervals and this disadvantage would have to be

weighed against the higher sensitivity this type of sensor offers.

~
N\

Since the + 0.1%F temperature accuracy is required for bulk flow measure-
ments, a better approach to improving the temﬁerature accuracy 1s to increase
the number of measurement points and average their result., Not ohly does
the accuracy improve by the square root of the number of measurements, but
a better spatial average is obtained. If sensors with an accuracy of + 0.4°F
were used, a total of 16 would be reduired to prd%ide an accuray of + 0.1°F.
However, if a small number of sensors were hand picked to provide an individual
accuracy of + 0.3%F over the limited temper#ture range, then only 9 sensors would
have to be averaged to provide a + 0.1°F temperature accuracy. If the indiv-
idual sensor accuracy could be improved to + 0.2°F, then 4 sensors would be
required., It will be left to the detailed design to decide exactly how many

5-5
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sensors will be used. This will depend on the expected temperaturehuhiform-
ity of the bulk flow as well as the available accuracy of an individual temp-
erature sensor. Although this approach could be applied to any of the

different types'of temberature sénsofs, it will be assumed that the thermo-

"couple will be chosen for the reasons described above. This allows the

signal conditioning to remain'siﬁplé and provides a temperature measurement
system with considerable field expérience. It is anticipate& thét at\least
6 thermocouples would be require& at each measurement location., This implies

that the individual accuracy of each sensor must be on the order of i‘Q.ZSOF.

‘Recommended Approach

Temperature measurements will be made by installing one or more thermo-
couples at all the required locations, For measurements to an accuracy of
+ 0.5°F one sensor will be used for point measurements while at least three
sensors will be used for bulk flo& measurements, For an accuracy of + 0.1°F,
at least six sensors will be used and they will be chosen to have an individual
accuraéy of approxiﬁaﬁely + 0.25°F.  The requifements for the sensors are shown
on the temperature specification sheet in the appendix. The temperature
will be monitored by.attaching the thermocuople to an electronic ice point

reference junction. The electronic ice point will compensate for the .ambient

temperature at the réferénce junction-and then supply the correct emf to the signal

conditioning and analog to digital conversion required for the computer, The

computer cna apply any necessary constants and convert the voltage to a temp-

erature value by using the known sensitivity of the thermocouple material.

‘The inaccuracies due to signal processing will be kept to a small fraction

of the sensor inaccuracy so that the overall system accuracy -will be predominantly

-the accuracy of the thermocouple, Calibration will be accomplished auto-

maticall& by inserting a voltage .staircase at the input to the ice point

reference junction to check the ambient temperature compensation and to verify
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;he linearity’of the signal conditioning. Sampling rate and sample averaging
Vill bg controlled by the computer to provide the required frequency of
temperature measurements.

In certain locations the measurement of temperature difference. is
probably more important than the value of the absolute temperature at the
two locations. For these cases the use of thermopiles is_recommeqded. "Since
the thermopile is basically a thermocouple with a-measuring junction at each
of the two locations, the problem of a reference junction is avoided and the
thermopile measurement can be made with considerable accuracy. .The emf's

generated at each location interact and the result is a voltage proportional

to the temperature difference between the two locations,

Signal Conditioning

The type of signal conditioning is determined by the selection of the:

temperature sensor, For a thermocouple, high gain, drift free amplifiers

are required to boost the microvolt signals that are available, For platinum
and other noble metal resistance devices, as well as thermistors, the avail-
able signals are in the millevolt range and the émplifier requirements are not
as severe, Typically, the tempefature sensor is placed in series with a known
voltage source and a fixed precision resistor whose value is similar to the
- thermistor, The voltage drop across the precision resistor is then used to
determine the resitance of the thermistor. For.platinum and noble metal re-
sistors there is about a 0.2 percent change in resistance for every Op change
in temperature, For thermistors, the sensitivity is ten times higher with

ﬁ 2 to 3 porcent change in reslstance for every °r change in temperature.

For the four thermocouples mentioned above there is a change iﬁ enf of

from 23 to 42 microvolts for every °F change in temperature. The + 0.5°F
temper;ture measurement will require measuring the emf to an accuracy of 10

to 20 microvolts while the + 0,1°F bulk measurements could require an

5-7
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accuracy of 5 to 10 microvolts., This capability is certain1§ state-of-the-
art and has been successfully demonstrated in extensive field testing,

In order to minimize cable length and electrical interference, it
is anticipated that several satellite stations will be located at con-
venient sites in both the Test Article and 10 MWe Modular Experiment. These
sites will contain the analog to digital converters so that long cable runs
to the computer can be made in digital format. Depending on the length of
the cable runs and the required sensor accuracy, it may prove necessary to
install the signal conditioning as close to the temperature sensors as
possible, These considerations as well as the numbers and locations of the
satellite stations will be addressed in the detailed design of the temperature

measurement system.

Calibration

The establishment and maintenance of a + 0.1°F temperature measurement
system will require an automated calihration system, It is anticipated that
the computer will be programmed to conduct these periodic calibrations, 1In
addition, it may be necessary Lu remove some of the sensors from their locations
and place them in an ice point reference. Hopefully, this type of calibration
will occur infrequently. The automatic calibration accomplished by the computer
will consist of a staircase voltage input to the ice point ruference junction.
The known voltage levels will correspond to selceted temperature values in
the range to be measured by the thermoncouple, &h@,tempernture values couwputed
from these known inputs will indicate the accuracy of the reference junction,
the signal conditioning and the computer calculations. The values calculated
may then be used to recalibrate the electronic elements of the system producing
a precise temperature-voltage relationship. The actual calibration of the
thermocouple will not be automatic since insertion in a known temperature bath

is required. This will be done prior to installation and at whatever intervals
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during the test that are necessary to maintain the specified accuracy

of the temperature measurements,
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5.1.2.1 STATIC PRESSURE MEASUREMENT
Introduction

The large number of static pressure measurement locations required
for the Test Article and the 10 MWe Modular Experiment suggest the use of.
elect;ical pressure transducers for automatic and cont?nuous reéording. A sysgém
of pressure transducers will be described for both the Test Article and the

Modular Experiment,

Test Requirements

The rénge of expected pressure values extend from a low of 7.5-9.5 psia
to a high of 118-136 psia and 126-144 psia. The lower range of values have a
required accuracy of T psia; while the upper ranges have a required.;ccuracylgf:
¥ .5 psia. The accuracy requirements for the measurements made near the coupon

+ . 4
rack locations are - .5 psia for all ranges of expected pressure values.

The working environment is sea water, ammonig and one 1ubé oil location.
The temperatures énticipa;ed in these areas fall within a range of 35°F to 150°F and
do not pose any concern. The measurement capability ofithe pressure transducers is
required for the duration of the Test Article testing and at least one or two years
of the Modular Experiment érogram. Transducer mounting should be designed for
ease of removal and installationAof sensors without disrupting plant performance. -
The electronics for signal conditioning and processing and calibration will be
expected to operate in the normal OTEC environment without costly p;otection.
Reliability and maintainability should be high for these instrumenté‘to prevént

shut down and repairs.
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The flow may be non-uniform in the large componénts aﬁd‘large pipihg
in both systems and, therefore, may reéuired the use of multiple sensors in any
location. The measurements can be avefagéd to obtain a more accurate static‘m
pressufe in these‘areés. A detaiied analysis of the flow in these areas will be
required to determine the number of transducers necessary to obtain the required
accﬁra;y. A r&ugﬁ estimate would be 3 to 4 sensors in the sea water plenums and

any piping over 48" DIA. The smaller piping ( < 48"'DIA) and coupon rack locations

will require one transducer.

Available Pressure Transducers

Acceptafle pressure measurement devices.are described in the ASME

Pressuré Measuremenf Instruments and Apparatus Code.1 Due‘to the nature of the
auiomatic dat; récording and the high accuracies required, the types of pressure
measurement device; are narrowed to electrical pressure transducers. The essential
component of a pressure transducer is an elastic element which converts energy from
the pressure system into a mechanical displacement. This displacement, in turn, is
converted into an electrical signal; then amplified, transmitted and measured by a
data acquisition system (See Sec. 5.2). The pressufe transducers described herein
are ‘passive ‘transducers which require an'electrical excitation to modify and the

resulting change in impedance is proportional to the displacement of the elastic

element.

The elastic elements of the pressure transducer may be a bourbon tube,

bellows or diaphragm. The displacement mechanisms are similar in all three. One

1 ASME PTC 19.2-1964 The American Society of Mechanical Engineering Performance
Test Codes, Part 2, Pressure Measurements, 1964
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side or end of the element is exposed to the fluid and the other side or end is
allowed to deflect move. This displacement caused a change in electrical

impedance in the. electrical element. Various types of electrical elements are
used. They consist of variable resistance types (i.e., strain gage, potentiometric,
and capacitance) and variable inductance types (i.e., linear variable differential

transformer (LVDT) and variable reluctance).

Combinations of various elastic elements and electrical alemente arc
available to obtain the desired accuracies within the relatively small range of
pressures to be measured. The choice of pressure transducer is dependent on cost,
accuracy, and degree of sensitivity to temperature effects and vibration, ruggedness,
and durability. The transducers can be calibrated by the manufacgurer to be accurate
within ¥ «25-1.0% full scale within the range of values expected. This can easily
provide the e .1 psia for the 7.5-9.5 psia range and the t .5 psia for the 118-136 psia

and 126-144 psia range.

Stainless steel should be the material used for the transducer housing
and the area in contact with the sea water, ammonia, and lube 0il should be 17-4PH
stainless steel. Operating temperatures range for most available transducers are
-65°F to +250°F with a sensitivity to temperature change of 1% per 100°F, in the safe

temperature ranges.

Pressure transducers are available to measure absolute, gage and
differential pressures, and are also available with self-contained amplifiers.
Some transducers have built in shunt resistors to enable calibration to 50% of full

scale. Cost of pressure transducers are approximately $250 to $350.
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Recommended Approach

Static pressure measurement will be made by installing one or more.
passive pressure transduceré (i.e., strain gage, capacitive or LVDT) in each of
the required locations. Pressure measurement iﬁ small piping ( £ 48 in.),
around coupon rack locations, and the lube oil location’will be made with one
transducer. Measurement in larger components and large piping may require 3 to 4
transducers to obtain representative pressures if the flow is suspected to be
non-uniform. Approximate number of sensors required at 22 transducers with
¥ .5 psia accuracy and 12 transducers with ¥ .1 psia accuracy for the Test Article
and 50 transducers with M .5 psia accuracy and 36 transducers with M .1 psia ac-
curacy for the 10 MWe Modular Experiment,. The requirements'for the tranéducera
are shown on a sample specification sheet in Appendix B. To ﬁonitor pressure, ..
input a known voltage and measure the change in electrical impedance. The
resulting millivolt signal, which is proportional to the pressure, is then
amplified, conditioned, and converted into a usable form for computation in the

computer.

The pressure transducers may be mounted in the wall of the pipes or
mounted externally with flexible or rigid tubing connecting the pipe and the .
transducer. Vibrafion may affect the sensitivity of the transducer and therefore
isolation mounts may be required. The dynamic response of the transducer is
affected by the length of the connecting tubing and any trapped air or liquid
pockets. Careful consideration is required during detail design to account for
water leg corrections in pressure and the effects of vibration, temperature

(ambient and test), and dynamic response.

The measurements may be made through static holes in the wall or by
using static pressure probes of appropriatc aerodynamic shapce. 1i.e., cylinders,
spherical tips, wedges.
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Pressure profile may be made by traversing the static pressure probé
across the section of pipe or component. The probe may be driven electrically and

controlled from the computer in the data acquisition system.

The transducers will be calibrated from the factory and may require
calibration at regular intervals to reset zero and span caused by drift, The on-

site calibration may be done manually using a portable deadweight tester.

The signal conditioning required would be.detérmined by the data
acquisition system. The low 1e§e1 millivoit output siénal may be amplified to
OjS V or t 5V and then converted to BDC for computstional use. The Qase size of
the Modular Application would require transducers located very long distances from
the main data acquisition center. The use of satellite stations to amplify and
condition the signals are described in Sec. 5.2. Calibration'of the éignal

conditioning electronics is preformed automatically by the computer.
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5.1,2.2 VELOCITY MEASUREMENT

Introducfion

Velocity of ammonia vapor is required.in the Test Article at the
Evaporator Outlet, Throttle Inlet and Vapor Recirculation Pump. The
velocity at the Throttle Inlet and Vapor Recirculation Pump may be deduced
from the flow, temperature and pressure measured, using the measurement
techniques described in Sectioms 5.1,1, 5.1.2.1, and 5.1.3. The following
is a dgscription of a system of measuring dynémic or velocity pressure

for the Evaporator Outlet,

Requirements

~The range of expected values for the velocify 1s 0 to 10 ft/sec with
a required accuracy of i‘;OS ft/sec. Since the velocity measurement is
obtained indirectly, the‘accuracy requirement is deéendent on the accuracies
of the instrumentation measuring the total pressﬁre or stagnation pressure,
static pressure, and temperature, The accuracy requirements of these sensors
should be at least + .25% or better to obtain an accuracy of velscity pressure

of 2 to 3%.

Recommended Approach

The operating temperatures are 32°F - 90°F and are safe operating ranges
for most instrumentation, All electronics and sensors are anticipated to
function properly in the normal OTEC environment and should be reliable and
and virtually maintenance free.

The velocity 1is proportional to the square root of the difference between
the total pressure and the static pressure

\/oc\lP.,—.-P

where V = velocity

P

T total pressure

1

P = static pressure

5-15

177



178

7-A

This computation is made by the computer using pressure measurements
obtained from pressure transducere ana appiying appropriate conversion
constants. The density or specific weight of the vapor is necessary and
can be obtained by storing a tab1e4of physical properties in the computer,
The computer will look up the density as a function of temperature and
pressure, If the density is uniferm over the operating temperatures and
pressures, only a constant is required.

To measure the velocity distribution across the Evaporator Outlet, a
series of pitot tubes or holes located at stagnation points on aerodynamic
bodies may be used to transverse the length and breadth of the Evaporator
Qutlet. The number and spacing of pitot tubes would be determined by
estimation of the velocity profile.,. The extent of pitot tube arrays should
be determined in detailed design and cost should be an important factor.
Measurements ma} also be made individually if conditions permit.

The aligﬁment of the probe in the flow may cause errors iﬁ the measure-
ments since flow direction is not always known. The problem is tripled in
the Evaporator Outlet where three dimensional flow will he encountered. In
two dimensional flow, cylindrical shaped tubes are found to be less sensitive
to alignment and the insensitivity may be achieved by increasing the size of
the stagnation hole and by providing a smooth entrance at the hole.1 Develop-
ment is needed to design a erobe that is fairly insensitive to flow direction.

The probe would be tested and calibrated prior to installation,

1Robert P, Benedict, Fundamentals of Temperature, Pressure and Flow
Measurement, John Wiley, New York, 1969. pp. 247 ; .
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The total pressure may be measured usiné the preseure transducers
described in Section 5 1 2 1 | It is estfreted that the pressure different
P = PT - P, is so small that commercial differential pressure transducers
ﬁay not be available'to measure this difference to a high degree of accuracy.

Velocity meascrements in the Throttle Inlet and Vapor Recirculation

Pﬁmp may also use total pressure probe technique.

5-17
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5.1.3 Flow Measurement

Introduction

Flow measurements are required for seawater and liquid and gaseous
ammonia in the Test Article and 10 MeW Modular Experiment. Three methods

of measuring flow will be described.

Test Requirements

The anticipated flow values in various areas of the test facility
range from lows of 0-4.50 x 10% 1b/hr to 2.9 x 108 - 3,21 x 108 1b/hr,
The required accuracies of flow measurements are +1% of minimum flow.

Due to the nature of the automated data acquisition system, it would be

desirable for flow measurement parameters to be an electrical output

which can be conditioned and converted into compatible language for
computation, The fluids to be measured will be seawater, liquid and
gaseous ammonia. The operating temperatures range from 40VF to 150°F
and the operating pressufe range from 7.5 psia to 140 psia.

Measurement capabilities of the sensors required to function the
duration of the Test Article testing and at least one to two years of
the Modular Application program. The electronics for-signal conditioning,
processing and calibration will be expected to operate in the normal
OTEC enviromment without costly protection. The sensors should have a
high reliability and be virtually maintenance free due to size of components

and inaccessibility of many locationms.

Available Flow Measuring Sensors and Techniques

Flow nozzles and orifice plates are obstruction flow metering
devices which may be used to a high degree of confidence and are recognized

by ASME as approved instruments for measuring flow.! These instmments

1. ASME, Application Part II of Fluid Meters, 1971,
5-18




are well documented for pipe sizes less than 16 in, diameter. The majority
of piping used in the OTEC program are well over 16 in., with the largest
diameter at 204 in., and therefore, other methods will have to be considered,

The flow metering devices are sized for the anticipated flow
‘and for the pipe diameter test section, Static pressure is measured
upstream and downstream of the metering device using pipe taps, flange
taps or vera contracta taps., The pressure can be measured using the
pressure transducers described in Sec. 5.1.2.1, Discharge coefficients
are available for various types of metering devices. The constants’
necessary to determine ideal flow rate are dependent on ratios of the
downstream and upstream pressures. The tables for the constants in the
ideal flow rate equationZ can be stored in the computer and the computer
can be programmed to look up and compute flow rate whenever the flow
sample is required,

Several disadvantages are inherent in using the ASME approved flow
metering devices., A large pressure drop is experienced across the meter
for any measurement to be accomplished. Careful consideration in the
detail design phase is necessary and trade-offs made between known
accuracies and reliability and non-recoverable pressure drop. The placement,
design and construction of each flow metering device is very critical,.

The recommended installation and design is delineated in the ASME

Application Part II of Fluid Meters, 1971. Another disadvantage is the
limitation of pipe sizes in which the meters have been used in the past.
Documentation exists for pipes 16 in., in diameter and under, but information
on flow metering devices in pipes greater than 16 in, diameter are

virtuaily unknown. STD will be performing a flow test on a 48 in. diameter

plenum to verify theoretical data. This, so far, will be the largest

2. Robert P. Benedict, Fundamentals of Temperature, Pressure
and Flow Measurement, John Wiley, New York, 1969, Chap. 20-21. .
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pipe test section available. Further investigation is ﬁecéésary for
pipe sections greater fhan 16.in. diémeter.. Each flow metering device
will require calibration prior to instéllation. .

Weétinghouse Oceﬁnic ﬁivision has dséd a Leédiﬁg Edgé;acéustic '
flow meter and have been able to obtain accuracies of +1% or better in
liquids. The LEFM system consists of a dedicated electronics console,

a pipe section containing 8 ulstrasonic transducers (senders/receivers) and
inlercounecting cable. The transducéers create 4 parallel acoustic paths -

at an angle to the flow direction. Ultrasonic pulses are sent simultaneously
from transducers on both sides of the pipe. The transit time of each

pulse is measured electronically. The time is proportional to flow
velocity. A numerical integration is performed uéing this relationship -

to result in a rate or volume flow. Temperature and pressure compensations
are then made.

Another type of acoustic flow meter does not require special
sections for the flow metef as in the LEFM system. Thg ultrasonic
transducers are strapped in line on the sides of the pipe test section.
Ultrasonic pulses are sent perpendicuiarly into the stregmﬁahd recelved
in transduéers downstream at a known distance. Aéain,‘the transit time
is proportional to the fluid velocity and flow rate can be determined.
Canadian GE lias Leeu able to obtain accuracies ot +2% using this type of
acoustic flow meter. Further development and testing is necessary for
both types of acoustic fiow meters in liquids aqd gas.,

The measurement of gas using the LEFM system is still in &
developmental stage. The tephniques are. the same as in a liquid acoustic
flow meter although a higher fransmission_frequency is required. A
system developed by Panametrics, Inc. oé Massachusetts can be used in

pipe sizes less than one foot in diameter to piées larger than thréé feet.'
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The Panametrics system requires a dedicateq'microcomputer to provide
various outputs such as fléw réte, supercompressibility, volumetric flow
'rate, Reynolds number, etc., Again, further development is necessary to

obtain a system of gaseous flow meters for OTEC use.

Chémical and radioactive tracers have been used to determine
.flow rates in nuclear power plants, in rivers, and in hydroelectric
’ 7machinery._ The tracer is injected into“the flow at some distance from
‘fhé sampling point either at a continuous, constant rate or instantaneous
rate. Samples are dra@n off into containers and the activity or concen-
tration is measured. The flow rate is calculated by performing a tracer
mass balance between the injection ﬁoint and the sampling point, Many
samples are taken over the tesf périod'to assure accurate and consistent
readings. f
The use of any tracer for test pufposes must be carefully designed
and planned for the-type of system andhsystem constraints, the kind bf :
measurements, and the accuracies required. The tracer must be injected
at a point far enough»upstream of the sampling point to allow for complete
miaxing and flows to reach steady state. Samples are taken manually énd
prepared for analysis. The criteria for choosing a tracer is as follows:3
‘1) The absorption prpperties of thé tracer
'2) Stability and solubility in the item of interest
3) Radioactive half-life
4) Types and energy of emi;ted radiation

5) Maximum permissible level in the enviromment

3. T. Dincer, "Application of Radiotracer Methods in Streamflow
Measurements,'" ‘IAEA, Vienna, SM-83/8, pg. 97.
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6) Maximum specific activity available

7) Cost of the tracer

8) 1Its availability.
Although thaining each samplé is done manﬁally, the results of thé analysis
can be fed to the data acquisition system for computation and cdrrelation

to other system parameters.

Recommended Approach

Flow metering devices such as nozzles and orifice plates should
be used in pipe diameters 16 inches or less and probably in pipes up
to 24 inchco. Further investigation and development for use In largec
pipe sizes would be necessary. The static pressures would be measured
using the pfessure transducers described in the Pressure Measurement
section. |

Flow measurement in pipe over 24 in. in diameter should bé madev,
using acoustic flow meters. The acoustic flow.meters may eitﬁér be
the Leading Edge Flow Meter System developed by Westinghouse Océanic‘or
the acoustic flow metering technique used by Canadian GE. In both
cases, developmental work is necessary to assure acquracies‘of floQ
measurements of +17% or better. The LEFM system has a dedicated elec-
tronic console which can be patched into the main data acquisiﬁion:
computer for computation of heat balance, etc.

Either the flow nozzle or acoustic flowlmeter'technique would
require calibration prior to installation. It is anticipated that
calibration would not be required for at least one year, at which time,
sensors and transducers should be calibrated uéing NBS standards,.

The use of chemical or radioactive tracers for flow measurement
can be used if cost trade-offs for its research and development and

practicélity proves feasible with respect to the other methods.
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5.1.4 QUALITY MEASUREMENT
INTRODUCTION
The quality of ampoqia’ygpo; is required at two locations in
the Test Article and one locagiqn 1n‘the 10 MeW Modular Experiment. Several
innovative techniques are in the development stage and may be used with
further development and 1nvestigation,‘for measuring ammonia vapor. Tﬁese

techniques and current methods are described here.

TEST REQUIREMENTS

The expeeted range of quality values range from .93 - .97 to
.99 - ,999, The fequired accuracy 15 + ;0097. The wgrkiﬁg fluid is
ammonia vapbr with'operatihg temperafuféé Between 60 - 70°F and operating
pressures at 118 - 136 ﬁsia. The measured outpﬁt‘should be an electric
signal or a series of electric signals that can be processed by the data
acquisitioh system to provide the necessary result. Any instrumengation
used to measure quality must be capable of withstanding the environment
of the OTEC I program.‘ The Qensors should have a high reliability and be

virtually maintenance free,

PRESENT TECHNIQUES » i

Current'qethods used to determine steam quality are variations
of a calorimeter, such as the throttling calorimeter and the separating
calorimeter or cogbination_of both, These methods have been used mainly
in steam power plants. The quality is determined by measuring the weight

of liquid separated or from the enthalpies of the superheated vapor.
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Error is introduced through the sampling technique. The samples
are usually drawn at the point in the flow, but the distribution of liquid
droplets may not be uniform. Depending on the flow rate and the amount of
liquid entrained in the vapor, a layer of liquid may adhere to the pipe
walls, A false reading would be obtained if the sample was taken near
the center or near the wall of the pipe.

Low activity radioactive isotopes such as sodium-24, used for quality
determinations in steam power plants and cooling towers. The tracers are
injected into the flow and the concentrations of the specific element is
determined in the entrained liquid, Thé measurements are determined using
a multichannel analyzer, the energy spectrum and half-11ife of the specific
nuclide, The use of radioactive tracers require special design and safety
precautions due to the hazardous nature of the tracer, A study of available
tracers and their compatability with ammonia 1iqu;d is necessary to develop
a safe and accurate system to handle,’test and measure ammonia.vapor quality.
Careful design of the test plan is required since special héndling procedures
and Federal codes dictate the transportation and storage of radioactive

tracers .

INNOVATIVE TECHNIQUES

Two innovative teéhniques have been developed in the past few
years to cope with measurement of steam quality with better accuracy and
measurement methods. Both techniques described‘herein have not been used
to measure quality of ammonia vapor and, therafgre, further recearch and
development is required to determine feasibility, effectiveness and operating

characteristics,
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The first technique addresses the droplet distribution problem
presented earlier, R, P. Benedict of Westinghouse Electric Corporation,

STD, proposed to disperse large droplets of water in wet steam using acoustic
energy and therefore the quality can ﬁe determined on the premise that the
amount of liquid in ;aturafed vapor affects the acoustic velocity of the
vapor.1 Tests have been concucted by Westinghouse R & D Center and the
Oceanic Division to investigate the feasibility of this idea. A 20 kHz
standing wave was set up in air ﬁsing an acoustic horn and reflecfor.

Water droplets entering the sound field were instantly dispersed. The

tests proved the feasibility of the basic theory and recommended further study
to obtain information on the mechanism involved in obtaining atomization, the
required intensity and frequency of acoustic energy, and the initial.and

final sizes and spatial distribution of the water droplets.2 By using

an acoustic flow meter, such as those described in Section 5.1.3, the

acoustic velocity of the saturated vapor can be provided. The quality of

the vapor can then be deduced. Testing i1s necessary to determine the acoustic
velocity in vafious degrees of saturated ammonia vapor.

The present status of the atomization technique 1is proof of the basic
theory only, Quality measurements have not been conducted using an acoustic
flowmeter,

The second technique uses a laser light scattering probe to determine
the quality of steam at the low pressure end of steam turbines., A parallel
beam of light is passed through a fiber optic bundle and is incident on
transparent particles of a certain refractive index with respect to the
surrounding medium. The light 1s partially scattered by the particles

and causes an attenuation of the emerging light beam, The transmittance,

IRobert P. Benedict, "Device for Continuously Monitoring the
Quality of a Two-Phase, Single Component Fluid," Westinghouse Disclosure

July 6, 1976.
éJ. L. McShane and P. G. Spink, Acoustic Dispensing of Droplgts
in Wet Steam, Westinghouse Report 77-1G6-UDWIS-R1l, March 21, 1978,
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versus the steam wetness is determined using an average particle diameter.3

The initial tests were conducted using a single wavelength and a predetermined
avérage particle size., The probe was calibrated in a knowh wet steam énQironment
and vdrious ranges of flow conditions. Further work is being done using

a multiple wavelength laéer. This will increa;e the effectiveness of tﬁe

probe since it will be able to scan different sizes of droplets, and

provide information on the size diétribution of dropléts in the_vapor. A

better determination on steam quality can be made.

RECOMMENDED APPROACH

Thaere is no clear ent approach to be taken. Many fac;ofs mst be con-
sidered at the detailed design phase; and trade-off studies shOulq be made
since the approaches presented here require some degree of developmental work
for use in the OTEC I Program. The factors which enter into the consideration
are as follows:

1. Time necessary to develop and prove feasibility in

staurated ammonia vapor,

2. Time necessary to procure the instrumentation for in-

stallation,
3. Cost of developmental work and production.
4., Automation of measurements and recording of data,

5. Accuracy, repeatability and sensitivity obtainable.

, 3J. S. Wyler and K, J, Desal, Laser Light Scattering Probe,
Industrial Research/Development, June 1978, pg. 111-115,
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'5.1.5 VIBRATION MEASUREMENT

‘Introduction

In the Test Article measurement of heat exchanger tube vibration is
‘required for each of six tubes in both the Evaporator and Condenser, In
the 10 MWe Modular Experiment, these same measurements will be made for the
Evaporator and Condenser. In addition, the vibration of the six major rotating
components will be monitored. The purpose of the vibration measurements is
‘to provide warning of .excessive vibration levels in the heat exchanger tubes
and rotating equipment. It willkalso be possible to monitor the state of balance
in the rotating equipment and determine when overhaul and/or rebalancing is

required.

Requirements

The measurement‘of'heat exchanger tube vibration will require the
attachment of a smali viBrat;on.sensor to six tubes in each heat .exchanger. '
Typically, this hasvbeenfaccémplished by inserting a short spriné-loaded
sensor in the tube. The cylindrical sensor contains two miniature
accelerometers that provide the acceleration level in mutuallf'orthogonal
directions both of which are perpéndicual¥‘to the longitudinal axis of the
;tube. The wire from the sensor ‘is réutéd odt'of:the tube into the water box
and then through a penetrator in the heat exchanger outer wall. It is also ‘
ﬁoééible to attach accelerometers to the exterior tube walls in the aﬁménia
section of the heat exchanger. Ih'tﬁisxcése; the mounfiﬁg of the sensor is
more difficult and the clearance bét&ééﬁ'tubés.&ill be reduced. Since this
type of mounting would be inconven{eht'fof'anf but the-edge tubes, the sensors

should be chosen to be installed inbide’tﬁé‘heét'exéhanger tubes,
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Depending on the flow rates in the heat exchanger, it is anticipated
that the tubes will have a peak to peak: displacement that ranges from 0 to
10 mils. During normal operation, an average value of 2 mils is expected.
It is conceivable that tubes with excessive vibration problems will show

displacement levels of 100 mils and higher. The sensor installed in the

_tube will be required to measure these vibration levels with an accuracy of

+ 0.1 mils. Since the vibratiop of the tubes results from flow excitation
of the flexural resonances of the tubes; the sensor must have a high enough
frequency response to. cover at least the first five flexural resonances.
Assuming a 3-foot span bgtween attachemnts, the first five frequencies are

approximately 185, 510, 1000, 1650, and 2460 Hertz. The sensor should have

flat response from 10 Hertz to at least 3000 Hertz. This will require the

natural frequency of the sensor mounted in the pipe to be in the 15 to 20
kiloHertz frequency range.
The vibration levels of the Turbine, Generator, Warm Sea Water Pump,

Cold Sea Water Pump, NH, Feed Pump and NH_, Recirculation Pump are also required.

3

For the Turbine and Generator, the vibration measurements will be made by

. using non-contacting proximity sensors to monitor rotor yibration at each

oﬁ.thg journal bearings. For the Sea ﬁatep and HN3 Pumps the vibration levels
wi%l be monitorea by attaching vibration sensors to the bearing housings of
th; pumps. It is anticipated thap the peak to peak displacements on this
equ;pment wili also be in £he 0 to‘10 mil range with an average value of

2 mils. The ac;ﬁulgdioplpcemente are to b§ determined to an accuracy of

+ Q.lAmils.~ Moﬁigo;ingqu the rotational imbalance of the equipment will

be made at ;he freqﬁepcy‘correséqnd;ng go the operating rpm of the equipment.
This will be 60 Hertz for the Turbine and Generator, 1,1 Hertz for the Warm

Sea Pump, 1.7 Hertz for.the Cold Sea Water Pump, and similar values for the

two HN, pumps. Monitoring of bearing wear will occur over a broad range of
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higher frequencies, pfofa$1§.iﬁ tﬁ; 1 to 10 kiloHertz range. Sensors

used for monitoring the response of the Turbine and Generator rotors will

be required to have a flat freequency response from DC to 10 kiloHertz wﬁile
the sensors attached to the varioﬁs pumps will have a flat responsé:from 1

Hertz to 10 kiloHertz.v

Available Vibration Sensors

AAcceptableAvibration sensors for installation in the heat exchanger tubes
have been marketed by several companies for the power industry. These sensors
contain two mututally perpendiéular piézo—electric accelerometers that are
mounted in a cylindrical water and pressure-tight étainless steel case.
Designed especially for meaéuring tube vibration in heat exchangers, the
sensor has spring-loaded arms that allow it to be rigidly fixed inside the
tube., The available units generally are high in price because of the:réquire-
ment to withstand the high temperatures in heat exchangers for nuclear power
plants, It is anticipated that the low temperature requirementé for the OTEC
application will substantially reduce the cost to a value in thé vicinity
of $100 per sensor,

Acceptable vibration sensors for monitoring the levels on the fotating

equipment are available from a large number of companies. The réquirement
for low frequency rotational vibration and high frequency bearing viﬁr;tion
limits the selection of possible devices to eddy current proximity deviées
(Turbine and Generator) and pilezoresistive o; piééoelectric accelerometers
(Pumps), Proximity devices and accelerometers are produced by several man-

ufacturers, Since the available sensors cover thé raquiréd amplitude,

frequency and accuracy ranges required for the OTEC installation, choice of the

sensor will be quite flexible., One consideration ﬁiilnbe vhether to select
an accelerometer with an integral preamplifier or to use an external pre-~ .
amplifier. Because of the possibility‘of long cable runs and ‘electrical

"interference, it is recommended that an accelerometer be chosen with an
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integral preamplifier. Since there is no requirement to measure zero
frequency acceleration, a pilezoelectric accelerometer will most adequately

meet the requirements for measuring the vibration levels of the pumps.

Recommended Approach

Vibration measurements in the\six tﬁbes of each heat exchanger will be
made by installing a two axis piezoelecﬁric accelerometer in each tube, Twelve
sensors will be requiféd fér botﬁ the Test Article and.lo MWe Modular Experi-
meht.. The signals from the sénsor will be routed to a signal conditioning
box where they will be suitable amplified, filtered, level detached and then
rélayed to the compufer for interpretation, The vibration meésurements
fdr the rotating equipment will be ﬁade by installing eddy current proximity
dévices at tﬁe journal bearings of the Turbine and Generator. A two axig
system at each bearing will be used to make journél orbit measurements and
monitor the actual rotor vibration levels. Six sensors will be required for
thé 10 MWe Modular Experiment, ﬁeasufe;ént of pump Qibratién levéls will be

accomplished by installing plezoelectric accelerometers on the bearing

) houéing of the four pumps., The number of accelerometers used will depend on

the éompléxity of the equipment item and the required preéision of the

rotatiohal balancing to be performed on the item, The precise number

and locarion of accelerometers will be determined in the detailed desién.

it ié'anticipated that approximately 12 acceléfometers will be required.
The preamplified signélé ffom these sensors will be routed to a sigﬁalr
conditioning bog Qhere they will be suitably amplified, filtered, level
detected and relayed to the computer for interpretation,

The purpose of the [iltering and level detecting in the signal con-
ditioning box is to avoid the neceés{ty of having the computer sample the
vibration data at a high enough rate to maintain the 10 kiloHertz frequency

response, Instead, an average value of the vibration level in the appropriate
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frequency band is determined at the signal conditioner to represent the

vibration state at the measurement location, This average value is then
sampled -by the computer at the appropriate time intervals and compared with
preset levels stored in the computer's memory, This approach allows for an
automatic monitoring of the vibrational condition of the heat exchanger- tubes
and the rotating equipment. Diagnostic investigation of the frequéncy response
of tﬁe vibration at any of the sensérs will bé accomplishéd on an individual
non-autﬁmatic basis b& sampling the uﬁfiltered amplifier output with.a narrow
bénd spectrum analyzer. This operation will be conducted by ;n OTEC plant
technician on a much less frequent basis than the automatic computer sampling.
It is anticipated that a spéctral analysis.of each sensor will be gccomplished
on a weekly‘intervél to document fﬁé vibration histor& of all ghe equipmgnt.
'wheh balancing'or rebalancing of the.rotational equipment becomes necessary,
this opération wili be conducted‘UQing the sensors mounted at the appropriate
places on the rotating eqﬁipment. Due to the requirements of the balancing
operaﬁion, the agplified sensor output will be fed to the balancing instrument-
ationAindependent of the computer. | | , | - |

The éensitivity of the piezoelectrié crfstals useé in the accelerometers
and the eddy current probes is gene;ally ;aken to be accurate for a perioavof oné
year after which recalibration {is reQuired. The remainder of thé signal
conditioning and computer sampling electronics wili be automatically calibrated
by the computer at regular intervals, This will be accomplished by ;nserting

a voltage staircase at the appropriate location in the signal conditioning box,

Signal Conditioning

There are several approacheo that can be taken in the design of the
signal conditioning for the vibration gensors. The first and simplest is
to buy one of the off-the-shelf vibration monitoring systems presently on the

market. These systems will accomplish the entire signal conditioning function
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including a relay contact to shut the machine down if the vibration
exceeds a present limit, 'The only additional instrumentation. needed would
be an analog to digital converter to relay the vibration level to the computer.
A second approach is to buy the individual components: that make up the
vibration monitoring system and assemble them in a system tailored to the
OTEC requirements. The necessary components would include the eddy current

- probe or accelerometer, preamplifier, amplifier, filter, level detector and
analog to digital converter. This approach offers additional flexibility in
the selection ot components and in establishing the overall capability of
the system. A third approach would be to design the entire vibration
monitoring system specifically for the OTEC mission, This would take  the
selection of components one step further, to the piece part level, and in
effect, would have the contractor designing and building the complete vibration
monitoring system to the specific requirements of the OTEC mission.

The selaction of the approach to use will be part of the detailed

design task. It must tréde-off the parameters to cost, flexibility, reliability,
availability, schedule, etc, before a final choice can be made. Although
each of the approaches can be successfully applied, the last approach is most
flexible and offers .the easiest way to meeting aﬁy and all of the specific
requirements that will be developed. This will probably be the deciding
factor since components such as the filters have to be selected for the
appropriate frequency range of a particular machine. On the rotating equipment,
more than one frequency range will probably be desired, and as a result, the
different equipment items wou%d have different numbers of filters acting over

different frequency ranges.,
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Since' the sensor output signals are in the millivolt range, the
difficulty in transmitting, amplifying and measuring the vibration level is
- manageable, Some consideration will have to be made to determine' the upper
and lower limits. of the vibrétipn41evels that are to be recorded. Although
the sensor -and.amplifiers can process signals over a much larger dynamic
range, the actﬁal‘computer-recorded values will be limited by the 8 bit
analog,to‘digital conversion,  This implies that if the minimum acceleration
_level to-be:recorded. is 0,1 mil, :the maximum acceleration level will be
approximately 40 mils, If this range 'is not sufficient, then a second A
to D channel with a different .range will be required. .

In order to minimize cable length and electrical interference, it is
anticipated that ‘several 'satellite stations will be located at convenient
-sites in both the Test Article and 10 MWe Modular Experiment. These sites
will contain the analog to-digital converters and probably most of the signal

conditioﬁing. Depending on the length of the'cable run, ‘it may be necessary

. to put the preamplifiers for thé tube vibration sensors near the penetrators

in. the heat exchangers. The rotating equipment sensors should have integral
or near :by preamplifiers so thaf the remainder of the signal conditioning can
be located at the satellite station. These considerations, as well as the
number and location of the satellite stations, will be addressed in the ' -

detailed design of the vibraion measurement system.

* ‘Calibration
‘The accuracy of the vibration measurements will be .sustained byAan‘ o

automatic calibration system. It ts anticipated that the computer will' be

programmed to conduct these periodic checks. The automatic caiibfétlbn’w?ll

be accomplished by inserting both a voltage staircase and a square waveform

at the input of the signal conditioning. The voltage staircase will be used

to automatically verify the linearity of the signal conditioning and computer

display while the square wave will be available to check the frequency response
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since the computer does not sample at a rate fast enough fo provide enough
frequency bandwidth for the square wave calibration. Calibration of the eddy
current probes and accelerometers will be obtained from the manﬁfacturer and
verified by operating the sensors on an electromechanical shaker.at the OTEC
site. Recalibration of the sensors will be required at least on a yearly
basis. The convenience of having an electromechanical shaker on site should
allow quarterly calibration of the externgl accelerometers on the rotating
equipment, Investigation of previous experience with the heat exchanger

tube acceleroﬁeters should be made in the détailed design stage to determine

if more than yearly calibration is required.
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5.1.6 Speed Measurements

Introduction
Speed mgaéurements are required for the four pumps .and the turbine/generator
in the 10 MeW Modular Experiment. These measurements will be used to monitor

performance and efficiency of the power plant.

Test Requirements

The expected range of speed for the seawater pumps are 60-74 rpm
and 94-108:fpm, and 114041260 rﬁm for the ammonia pumps and 3060-4140 rpm
for the Turbine/Generatér. The fequired accuracy for the four pumps is
+5% of rated output and +.5% of rated output for the Turbine/Generator.
The operating temperatures range from 32°F to 150°F and the operating
pressures from atmospheric to 144 psia, The working enviromment will be
seawater, liquid ammonia and salt air. The sensors will be non-contacting
proximity probes and will be mounted on brackets for exposed shafts or

nmounted in pump housings for totally enclosed shafts or blades.

Available Speed Sensors

Typical sensors used for speed measurement are non-contacting
ferrous metal sensing devices or non-contacting proximity probes. The
mounting of both types of sensors are the same. Acceptable sensors of

both types are available from a large number of companies.

Recommended Approach

To maintain commonality of sensors, the use of eddy current
proximity probes may he desirahle since they will he used to monitar
rotor balance. See the discussion on calibration and signal conditioning

in Sec. 5.1.5.
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5.1,7 POWER MEASUREMENT

Introduction
Powér measurement is requifed at all pump inputs and the genéfdtdrh
output is required for the 10 Me W Modulaf'Experiment. The iafge wattage'vélaés'nl
expectéd will require the use of current aﬁd:potential transformers Edvbrfﬁg the

wattage down to measureable quantities. The power will be measured using watt

v .
=

transducers.

Test Requirements

The expected wattage values réngé ffom 50 Kw to 14,420 Kw.nyit is
anticipated that the watt transducers and associated inétrumeht'fransforﬁers will
be mounted near the component being monitored. The instrumentation must be
capable of withstanding'exposure to the normal OTEC enviropmeﬁt. The redﬁired
accuracy of the measurements are + ,5% of rated output, This wouid require any
instrument transformers to have a finer accuracy, Tﬁé test output signal will
be DC millivolt output compatible with the data acquisition system. Any recal-
ibration of the watt transducer should be done on site.' The reliability and
maintainability should be high to avoid frequent and costly plant shutdown,

Available Watt Transducers

Watt transducers are available with accuracies of 1% and .5%. The
associated instrument transformers will have to be designed for each combonent
being monitored and for compafibie interface with the’inﬁuf requirements of
the data acquisition system. fhe watt transducer may be recalibrated on-sgite
using a precision instfdﬁent calibrator (a regdlated sburcevof current and
voltage in phase) or csmmercial power and a'siﬁgle ph&ée.portabie instrument of
.5% accuracy class, Totalization fo}‘gfoésApdﬁér’output oi consumed is also

available.
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5.2 DATA ACQUISITION SYSTEM

5.2.1 SYSTEM OBJECTIVES

The data acquisition system should be a modularized syste@ easily adaptable
both physicélly and elecqr;cally to any ultimate system configuration, The;béqip
subsystems should consist or be made up of readily available commercial grade A
components, It is to be used as both a diagnostic and evaluation ;ool dgr?ng tbe:‘
system tests of the demonstration power plant and as such sﬁould be configured
to allow ease of operation and maintenance. with a minimum of instructions. _Mofe
specific design objectives aré‘listed below: | 4

‘0 ' Provide a means of continuously monitoring and storing for
permanent record up:to 350 test paramefers.
®. Provide on-1line mogitor, anal&sis-an& computation of all
recorded parameters.
° Pfovide graphic display of monitored, stored and analyzed
data |
® System accuracy must be. at least 1% of dynamic range
e System bandwidth is to be sufficient to faithfully.reproduce.
the various measurement response curves as predicted by the
system computer model for thg‘;ransient test conditions,
e Simplicity
a) Installation should be modular in concept with sensor
| signal conditibning configured for installatiop within
the test article if that becomes necessary.
b)_ Operation is to be contrélled entirely from a keyboard
or'control panel with no access to remote iocationg.

c) Maintainability should be minimal with replﬁcement of

failures done on a modular or component basis.
5=37
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e Flexibility should be incorporated to increase the measured
parameters and change the analytical software.

e Noise immunity to both electrically and magneticglly cogplgd
interfe;rence signals Qust Be provided.

® Operéte from an uninterruptab1e power source impervioqs to

demonstration power plant output fluctuations,
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5.2.2 CONCEPT

A conceptual data acquiéition system thgt meets thé above'objectives is
presented in terms of a fﬁnctional diagram in Figuré 5;1. The s&stem utilizes
a general purpose digital computer toéégher with fhe‘neceésafy peripherials to
rrovide the data stofage and man-maéhiﬁé iﬁ;effaces. Transducér outéuté are
signal conditioned, digitized and inputted:to the computer fﬁr logging, monitoring
and analysis by appropriate subsystems. The unique feature of the concept is the
modular nature of the various elemeﬁts of the system and the simplicity of inter-
connections derived from their relative independency. |
V The diagram illustrates that the various sensors are powered and monitored
by a number of Satellite Stations, Each satellite is a self-contained data multi-
plexing module, powered by internal power supplies operating off of the uninterrubt-
able source and providing all the hardware neceqséry to tend the sensors which it
services, So configured, the satellite module may be placed in close proximity to
the sensors located on a Single or number of test articles., The number of satellites
in the total system will be determined by detail design of the physical layout of
the demonstration system and nature of the electrical interfaces between the trans-

ducers and their signal conditioning,

Each of the satellite modules OutpPut data upon command to the central processor.
The processor and peripheriais are also modularized within a small trailer or van that
may be located anywhere on the test platform. The data and calibration instructions
are transferred between the Proéessing Center and each satellite in serial form.
Since eachimodule is an independent element, .the information transfer is asynchronous.
The relatively low sampling rates required of the Data Acquisition System allows the
central processor to serially receive complete frames of N data channels from all
satellites between .sample time., While satellites are not reporting they continue

to update their output buffers with new data,
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The Processing Center provides the -power plant operators with a continuous
real time monitoring, analysis, control, and data storage capability. The entire
data acquisition system is controlléd from the system's keyboard. A monitor pro-
vides on-line computation and analysis of long term and transient test data, Con-
tinuouély monitored data is stored on IBM format tape.

A 365-day time code generator provides a digital time resolution to milli-

seconds and serves to correlate all recorded data.
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5.2,3 SATELLITE SYSTEMS

204

The satellite station performs virtually as an independent sensor sampler,
ft serves as a collection point for a number of sensor outputs providing local-
ized signal conditioning, transducer excitation, and digitizing of the énalog
data, Upon request from the processing computer, the data is multiplexed and
transmitted in serial digital format to the Processing Center. The particular
data fo;mat gepgrated by gach satellite is a function of the number :and type

of sensors to be monitored. Special sensors.such as flow transducers that

ma§ have digital outputs..will be accommodated as well as:the conventional .

high and low level analog temperature and pressure sensors. Vibration sensor out-

puts will be frequency band limited, and amplitude detected with an RMS
meter, The low frequency DC output from the RMS reading may then be inputted
to the satellite for multiplexing. Data sampling rates will be at least 10
times that required during the worst case transient system testing making the

sampled data available for serial transmission to the processor at a slower rate.

In this manner, time uncertainties between data points within a satellite data

frame or from station«to«station may be kept to a minimum. The number of .
channels to be monitored by a satellite station will vary according to the physical
proximity of the transducers and the satellite module,

fhe volume required to house sufficient electronics for as many as 50 signals
will be approximately 1 cu. ft, Its small size will enable incorporation. of
the satellite station into the test articles or on the platform in a manner to
minimize signal conditioning cable lengths, thereby minimizing noise pick-up.

The“digitizing of the data at the source further reduces the vulnerability of
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the data to the electrical and magnetic interferrence preﬁaieni iﬁ such an
installation.

Figure 5-2 {llustrates the hardware to be-used in the satellfte module.
.The unit will contain printed circ;it card locations’to accOm;odate the
desired number of phannels of signal conditioning; The individual channels
.of signal conditioning will be fixed gain amplifiers with provisions for
automatic calibration using Brecision voltage étaircases. Bridge type
sensors will be excited from individual gage eicitétién'circuits and in
addition will be automatically calibrated with shunt resistors. The cal-
ibration process will be undér.control of'a single PC board processor commanded
by the. computer at the' processing center,

‘All sampled data is subject to allaising errors introduced by sampling
non-band limited data-at too low a sampling frequency. Multiple order low
pass filters are utilized for each channel prior to sampling in order to eliminate
- guch-errors, Existing WestinghoﬁSe electronics providing the above functions
4n a volume of 5 cu. inches per channel‘serve to illustrate the potential for -
locating the signal conditioning as close to the sensor as possible if extremely
"low signal levels and excessive wire runs preclude its inétallation in thé
satellite module.

After low pass filtering, the data signals are sampled by a multi-channel
solid state switch and routed to an amplifier, sample and hold circuit, and 8
.bif analog to digital converter, -The multiplex and conversion process is con-
trolled by a single PC Board computer utilizing a Programﬁable Read Only Memory
for the stored program. The processor determingé-output data format as well as

timing and control for the satellite electronics.
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The actual transmission of the data to the processing center is
accomplished via a multiple twisted pair cable upon request by the computer.
The single board microprocessor retains satellite data until required, vhere-
upon it transmits a frame of N channels via a high rate Universal Asynchronous
Receiver/Transmitter. Interface busses of this nature allows serial trans-
mission keeping the number of interface wires to a minimum. The available
bandwidth on the hardwire transmission link will allow the  use of NRZ coding
of the digital data,

Each of 3 interface lines between the satellite and the processing center
consists of a twisted pailr of shielded wires providing protgctioﬁ against

magnetic and electrical interface. ‘fhe wire is terminated by either a dual

- line driver or balanced receiver which provides subsystem isolation of ground

currents and high noise immunity,



7-A

Acceler-
ometer
) Bridge Hiﬁh Level Digital B.P.
™ Transducer utput Transducer Filter
-} ITransducer
T"'L' i :
(orciona] s
| Wiy i
—
Xducer
Excit
v § ! R ')
Channel #1 |{Channel #2 , Channel #N
Sig. Cond. Sig. Cond. - Sig. Cond.
I i 1
L. P. L. P, / - L, P,
Filter Filter Filter

=

Cal. sig.
Multiplex (e Generatcg)r
i —e Micro-
Sample processor pe{ I'ROM
& nd r—b
A/D ‘__J 1/0
Converter
CE— SRCEEE G—— CE— G  GEaemy S—  G—  GE— — emnmey —— i o — ——
SATELLITE STATION Ser1al SeYial
Control Data

FIGURE &-"'

SATELLIT: HARDVARY B8LOUCH DIAGRAM

5-45

207



208

7-A

5.2.4 PROCESSING CENTER

A, System Description
The data takeﬁ by the Satellite Stations is collected, analyzed and
stored at the Processing Center, Thé opefatof controls the DAS from this center
through the use of a general purpose digital computer. The computer will have a
library of programs to perform various collection and analyéis fuqctions. Figure
5-3 shows a functional block diagram df the Procéqsing Center, Foilowing paragraphs

will describe the operation of the system and the function of each blbck.v

B. System Operation

As described in Section III, the Satellite Stationf are continucusly
sampling all the sensors in the systemlgt a relatively high rate and while retaining
only the most recent value of each signal, It 1is ;hé fuﬁction of the Procegging
Center (directed by the operator) to control the effective sampling rate of thngAé
according to the objectives of tests being conductéd. The system is designed té
collect this data at rates from 10 samples per second for short term traﬁgieng
tests to once evéry hour or day for monitoriné léng term steady state operation,
When the data is being collécted at less than thevmaximum 10 samples per second,
miltiple samples will be taken at each interval to maximize the probability of
getting valid data. Data collection is accomplighed by commanding the S;teliite
Stations to halt its sampling functién.( ﬁach gstation, in turn; is theg ;sked
to report the most recent value for.eacﬁ;of its sensors. Afﬁer completipg.itp
report, it is released to continue 4ts sampling function.

Once the data from all Satellite Stations has been received, it is time tagged
and recorded on both the Data Disk and'the Qa;a Tape Recorder. 1In gddition to being
stored, the outputs of sensors selected By tﬁe operator can be direcFed to the‘

Data Display for monitoring in either tabpiar or graphic form. A limited qm&unt
of on-line processing, depending on the system sampling rate, can also’be gccomplished

with the results being displayed. A Data Printer will provide a permanent copy
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of any tables or graphs put on the Data Display. In the type of test where the
éample rate is slow, minutes between samples, the computer can be used between
samples towperform analysis on any the data previously collected and stored on the
Data Disk, After completion of the test, the computer can be dedicated to data
analysis wﬁich is limited only by the software library. The digital tape provides a
convenient médium for perﬁaﬁent<storage of the data and for transferring the
data to any other computer faciiity for further analysis.' In addition‘iﬁ its.dataﬂ
acquisitioﬁ Qnd analysis functions, tﬂélfroeessing Ceﬁter computer can be used to
dévelop and modify the software library.

‘C. Satellite Station Interface

As their name implies, the Satellite Stations operate under control of

the Processing Center. The I/O interface is essentially a parallel to serial to
ﬁérallel conversioi; The interface to both the Processing Center}s Digital Compufer
and thé Satellite;s Stations Timing and Control Logic appears to be a parallel bus;
However, tﬁe actual transmission method is serial and designed to minimize the number
of wires between the Processing Center and each Satellite Station while maintaining
a sufficiently high data rate.

D; Time Code Generator

. The Time Code Generator develo;s a'digital representation of the time of day

which is used by the system to time tag the data which is collected and to provide
a timé base for establishing the éampling rate, The code also includes a 365 day
calendar to provide compleﬁe identification of the data.

E. Data Tape Recorder

This recorder provides a permanent record of all data collected by the DAS.

The data is recorded in a standard IBM tape format so that it can be transferred to
another data pfocessing facility. Data from previous tests can also be reloaded into

the Pfocéssing Center computer for further analysis. This feature can be used
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to trace the history of a problem which had gone unnoticed when the data was

origionally taken. Assuming the DAS is monitoring 350 parameters, the tape will
store over 1 hour of data taken at the 10 sample per second rate and over 2 dais

of data taken at a rate of 1 second of data (10 samples) every minute,.

F. Data Disk

This disk is used for temporary storage of data for use by the Digital
Computer, . Use of a disk allows the computér rapid access to the data compared to
the digital tape. 'The fast dccess time increases the amount of on-line b;ocegsing.v
that can be done between data samples., Dual double-density diskettes will store
about 5 minutes of data taken at the 10 sampleslper second rate (350 para-
meters).

G. Data Display .

The Data Display is a high resolution CRT which is the primary display
of the DAS. Data can be displayed in either tabular (character) format or graphic
plots as the computer directs, The system way luclude wultiple displays. '

H. Data Printer

The Data Printer will provide a permanént hard copy of data taken
by the DAS or the results of any analysis, including graphics, done by the
computer,

I. Program Disk

This disk is used to store program for the Digital Computer. These
programs include data acquisition and analysis programs and utility programs tised
by the computer to create new programs or modify existing programs, The use
of some of the utility programs may be restricted to knowledgeable programmers.
Depending on the type of computer selected, it may be possible to write many of
the programs relating to data acquisition and analysis programs in a higher level
language such as FORTRAN, In this case, the programmer would only be-required
to learn the computer's operating system to create and modify programs.
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J. Operators Terminal
The Operators Terminal is a Eeyboard and CRT display, The terminal is
used by thé.operator té'coﬁErOI operation of the DAS via the Digital Computer.

Multipie terminals may be interfaced to thé computer on a tiﬁe-sharing basis,

K. Digital Computer
The computer is the central element of the Processing Center, yet it
is almost transparent to' the operator since he sees only the ¥esu1t340f its oper-
étioﬁ.‘iThrﬁhgh it, the opérator controls the action of the entire DAS. 'The :
compitational load on the computer is minimal as its primary function is to move

data from one peripheral to another, - There are numerous micro and mini computers

capable of performing this function,
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5.3 Summary

The instrumentation requirements of the Test Articles and
especially the 10 MeW Modular Expefiment require careful design, planning,
and coordination for effective and meaningful tests. The instrumentation
and data acquisition system cannot be separate entities but are clésely
tied together. Since there are a large number of measurements and a
good variety of test sensors and apparatus, the use of an instrumentation
consultant may prove to be prudent to obtain the best compatible and most
cost efficient system.~ The specific t&pes of instrumentation will be
left to the detail design phase but certain areas of development have been
recognized. They include the area of ammonia vapor quality and flow

measurement,
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6.0 COST

The Instumentation and Data Acquisition System hardware costs are shown
summarized in Table 6-1, These costs represent a first look rough order of magnitude
estimate, and are based on best available design parameters. These cost estimates

will be further refined during the détail design phase of power system develop-

ment.
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TABLE _6-1

TEST PROGRAM HARDWARE COST SUMMARY

cosT ($1,000)

TEST _ MODULAR.
HARDWARE ARTICLES EXPERIMENT
TEMPERATURE SENSORS 44 36
PRESSURE SEINSORS a2 0
FLOW METERS . 435 1,000
VIBRATION SENSORS 44 ' 62
SPEED SENSORS - 8"
WATT TRANSDUCERS - 38
QUALITY SENSORS 1y Ly
DATA ACQUISITION SYSTEM 350 .
DAS LABORATORY/TRAILER 25
TOTAL 555 1,579

NOTE: (1) Quality sensors are developmental instrumentation and shoudd be

quoted separately. Euch alternatlve teuhuique shuuld Le costed

out and a trade off analysis performed.
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APPENDIX A
TEST DATA REQUIREMENTS

The test data requirements for fhevTest Article and Moduiar
Experiment are summarized in Tables 1 and 2 respectively.
Measurement identification numbers (i.e. 1,2,3....) érovide
cross-reference with data requirement"schematics, Figures 3-1

and 4-1.

The accuracies contained herein are considered to be typical

of those that will be required for an OTEC test plant operation.
These values were developed to facilitate the test'instrumenta-
tion and data acquisition system efforts. It is recommended
that overall test and- individual iﬂstrdmentation accuracy
requirements be analyzed in greater detail during the next phase

of the OTEC test program.
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.18 MWe . . Article

TABLE -1 -

TES1 -..TA REQUIREMENTS

MEASUREMENT LOCATION EXPECTED RANGE , REQUIRED
. VALUE °F F ACCURACY °F
1_.; Temperature
Sengdt Number: ..
| 1 Eveporator Outlet (NHj) 70 65-73 + .5
2 Throttle Valve Inlet 70 65-73 +.5
3 Condenser Ialer (NH3) 49 46-54 + .5
4 Condensar Outlet (N'H3) 49 46~54 +.1
5 Evaporator Inlet (NH;) 60 56-63 +.5
6 Evaporator Liquid Dréin (NB.S) 71 66-74 +.1
7 ‘Separator:l.iquid Drain__(uﬂa) 70 65-73 + .5
8 Evaporator SW Inlet 80 75-85 +.1
9 ‘Evaporator SW ODutlet 75 72-80 + .1
10 Condenser SW Inlet 40 35-45 +.1
11 Condenser SW Outlet 46 41-51 + .1
12 through 47 Evaporator SW Inlet 80 75-85 + .5
(INDIVIDUAL TUBE MEASUREMENIS - CLUSTERS OF 6 IN 6 LOCATIONS)

v-L
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‘.18 Mde . . Article

TABLE -1 - TES.

-+TA REQUIREMENTS

MEASUREMENT LOCATION EXPECTED RANGE REQUIRED
. VALUE °F °F ACCURACY F

1., Temperature

(Cont.)

48 through 83 Evaporator SW Outlet 75 70-80 + .5
(Same as 12-47)

84 throughll9 Condenser SW Inlet 40 35-45 + .5

(Same as 12-47)

120 through 155 Condenser SW Outlet 46 41-51 + .5

(Same as 12-47)

(NOTE: SENSORS 156-1L7 ARE COUPON RACK INSTRUMENTATION AND |ARE NOT SHOWN)

155, 156 Evaporator SW Inlet 80 75-85 + .5

157, 158 Evaporator SW Cutlet 75 70-80 + .5

159, 160 - Condenser SW Inlet 40 35-45 + .5

161, 162 ' Condenser SW Outlet 46 41-51 +.5

163, 164 Evaporator NH3‘ Side 70 65-73 + .5

165, 166 Condenser Siide 49 1;6—54 +£.5

167 - Ammonia Feed Pump Discharge 49 46~54 F 5

168 . Ammonia Recirculation Pump Discharg# 71 66-74 : :5

v-L




022

. 18 Mile . Article

TABLE -1 .TA_REQUIREMENTS
MEASUREMENT LCCATION EXPECTED RANGE REQUIRED
: VALUE “"PBIA PSIA ACCURACY PSIA
2. Pressure Sensor
Number
1 nside Evaporator (NH3) 130 118-136 +.5
2 Inside Separator (NHj) 130 118-136 +.5
3 _Evaporator Outlet (NH3) 130 188-136 +.5
- & Evaporator Inlet (NH3) 138 126-144 +.5
5 Throttle Valve Inlet 129 117-135 +.5
6 Comd@_sm- Inlet (NH3) 88 33-9%% +.5
7 - * Comdenser Outlet (NHj3) - 88 33-9% -+ .5
8 " Recirculation Pump Inlet 130 118-136 +.5
9 Evaporator SW Inlet 16 ‘13-15 +.1
10 Evaporator SW Out:l'et 11 9.5~12.5 + .1
11 Condenser SW Inlet 13 11-15 i .1
12 Condenser SW Qutlet 7.5-9.5 +.1

V=L




.18 MWe 1... Article .

TABLE -1

TEST .TA REQUIREMENTS

4l

MEASUREMENT LOCATION EXPECTED RANGE UIRED
VALUE PSIA PSIA :ggURACY PSIA
‘2. Pressure (Cont.)
(NOTE: SENSORS 13-24 ARE COUPON RACK EINSTRUMENTATION AND
ARE NOT SHOWN.)
13,14 Evaporator SW Inlet 15 13-15 +.1
15, 16 Evaporator SW Outlet 11 9.5-12.5 +.1
17, 18 ‘Condenser SW Inlet 13 11-15 .1
19, 20 Condenser- SW Cutlet 8 7.5-9.5 +.1
21, 22  Evaporator NH, Side 130 118-136 *.5
23, 24. | condenser Nu side 88 83-96 .5
o 3
25" Ammonia Feed Pump Discharge 139 127-145 +.5
26. © Ammonia Recirculation Pump Discharge| 138 126-144 +.5
¢

177
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.18 Mie . . Article

TABLE -1 - TES. _..TA REQUIREMENTS

MEASUREMENT

LOCATION

EXPECTED

REQUIRED

E
VALUE T8/1R LB/HR AcCuRacy LB/HR
3. Flow Sensor Number:
. . 4 3 4 2
1-9 Nine Nozzles to Evaporator 1.19 x 10 5.95 x' 10 = 1.25 x 10 +1.19 x 10
' Distribution Chambers
. I 3 3 3 1
' 10-18 <Mine Nozzles from Evaporator 5.27 x 10 2.64 x 10 - 5.53 x 10 +5.28 x 10
' Collection Chambers '
. ' 3 3 3 1
19 Seperato= Liquid Drain 5.92 x 10 2,97 x 10 - 6.23 x 10 +2.97 x 10
4 4 4 2
20 Evaporator Liquid Drain 4.74 x 10 2,37.x 10 - 4.98 x 10 +2.37 x 10
. 4 - 4 4 ‘ 2
21 Feed Pum> Discharge 5.33 x 10 5.06 x 10 - 5.60 x 10 + 5.06 x 10
' 4 4 ' 2
22 .Recirculation Pump Discharge 5.33 x 10 0 - 5.60 x 10 + 5.06 x 10
_— 5 ‘ 4 5 2
23 Evaporator Inlet - 1.07 x 10 5.35x 10 -1.12 x 10 +5.35x 10
6" 6 6 4
24 ¥arm SW Pump Suction 5.44 % 10 5.1 x 10 - 5.7 x 10 +5.17 x 10
. j 6 6 6 4
25 Cold SW Pump Suction 4.69 x 10 4.46 x 10 - 4.92 x 10 +4.46 x 10

v-L
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.18 MiWe . . Article

TABLE -1 - TES: _..TA REQUIREMENTS

-'Condenser NH3' Side

MEASUREMENT . LCCATION EXPECTED RANGE REQUIRED |
VALUE _LB/HR| LB/HR ACCURACY LB/HR
FLOW (Cont.)
SENSORS 26-37 ARE,  COUPON RACK INSTRUMENTATION AND
ARE NOT SHOWN).
6 6 6 5
26, 27 Evaporator SW Inlet 5.44 x 10 .5.17 10 - 5.71 x 10 +1.55 x 10
o 6 6 6 5
28, 29 Condenser SW Inlet 4:69 x 10 4,46 x 10 - 4,92 x 10 +1.34 x 10
, 3 | 4 4 4 3
30, 31 Evaporator NH3' Side 5.92 x 10 5.62 x 10 - 6.21 x 10 +1.69 x 10
4 ' 4 ’ 4 | 3
- 32, 33 5.33 x 10 5.06 x 10 - 5.60 x 10 + 1,52 x 10

V-Z
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.18 MJe . . Article

TABLE -1 = TES: _.TA REQUIREMENTS

MEASUREMENT

LOCATION

EXPECTED
VALUE F9/SE¢

RANGE
FT/SEC

REQUIRED
ACCURACY FT/SEC

4. Flow/Velocity
Sensor Number:

(NOTE: THESE SENSORS §

VELOCITY IN RE4

1

IEQUIRED TO DISELAY NE
3

Evaporatcr Outlet
Throttle Inlet

. Vapor Recirculation

VAPOR FLOW AND

L, TIME FOR TEST OPERATION).

0-10

0-10

© 0-10

.25

1+

.25

I+

.25

I+

v-L
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18 mwe .

. Article -

TABLE -1 - TES)

-fA REQUIREMENTS

MEASUREMENT

LOCATION

(TO OBTAIN VAPOR BUNDLE EXIT
VELOCITY DISTRIBUTION)

EXP_ECTI:ID . RANGE . . .REQUIRED . . .
VALUE ET/5eC FT/SEC ACCURACY FT/SEC
5. Veloéity Sensor
Number
17 Evaporator Tube Bundle Outlet L] 0-10 +.25

VfL
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.18 Mie .. .. Article

TABLE -1 -~ TES1 .aTA REQUIREMENTS

MEASUREMENT LOCATION EXPECTED RANGE REQUIRED
VALUE ACCURACY
‘ |6. Quality Sensor
Number:
1 Fetween Tube Bundle and Separator .95 .93 - .97 + ,01
’ , o . .
2 Evaporabor Cutlet : .9975 .99 ~ .999 + .01

V-1
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.18 MWe 1..c Article

TABLE -1 - TES. ...TA REQUIREMENTS

MEASUREMENT LOCATION EXPECTE RANGE REQUIRED
VALUE ° ACCURACY
. MILY - PEAK TO PEAK
7. Vibration Sensor I
Number
1 Evaporator 2 0~10 +.1
,(NOTE: TWO INDUCTIVE [DISPLACEMENT SENSORS (HORIZONTAL & VE]\%I‘ICAL) )
WILL BE PLACED IN 6 TUBES ON THE SEAWATER SIDE.) .
; _l
2. " Condenser ° 2 i 0-10 +.1

~(Same as 1)

v-L
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10 MWe r. _uLAR APPLICATICN

TABLE

2

TEST w«fA REQUIREMENTS

2T-v

MEASUREMENT LOCATION EXPECTED . RANGE REQUIRED
. VALUE PSIA PSIA ACCURACY PSIA
1. Pressure Sénsor
Number:
1 Evaporator Outlet (NH3) 130 118-136 + -5.
2 Separator Outlet .(NH3) 129 117-135 + .5
3 Turbine Exhaust 88 83-96 +.5
4 Cordenser Hotwell 88 83-96 + .5
Nﬂq Feed Pump Discharge 138 126-1%4 + .5
6 Ev;porator Inlet . (NH3) 138 126144 +.5
7 Evepora=or Liquid Drain 130 ' 118-136. 4.5
8 Separator Liquid Drain 130 118-136 + .5
9 NH3 Recirculation Pump Discharge 138 126-144 + .5
10 . Condenser SW Inlet 12 11-15 +.1
11 Condenser SW Outlet 8 7.5 = 9.5 + .1
12 Evaporator SW Inlet 15 13-15 + .1

v-L
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622

10 MWe M. AR APPLICATION

TABLE 2 - TEST ...,A REQUIREMENTS

SAME AS 15-26)

(NOTE: SENSORS 39-66

"

1
[}
ARE COUPON RACK INSTRUMENTATION AND AI{E NOT -SHOWN) .

MEASUREMENT LOCATION EXPECTED RANGE REQUIRED
VALUE PSiA PSIA ACCURACY PSIA
1, Pressure (Cont.)
13 Evaporator SW Outlet 11 9.5-12.5 + .1
14 Lube 0il Cooler Inlet 55 50-60 + .5
15-26 Warm SW Pump 11-15 11-15 + .1
: I(NOT SHOWN
VSTATIC PRESSURE SENS TO MEASURE PROFILE ACROSS THE PUMP AT APPROXIMATELY
5 FT. INTERVALS LOCA AS FOLLOWS:
(1) 2 = Pump Inlet
#(2) 6 - Impeller/Statjor/Pod/Casing
\
(3) 4 - Diffuser
; .
26-38 Cold SW Pump 8-15 8-15 + .1
(NOT SHOWN

.

V-4
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10 Mde ) _iAR APPLICATION

LA REQUIREMENTS

TABLE 2 - TES.

. |MEASUREMENT LOCATION EXPECTED _ RANGE - REQUIRED
. VALUE PSIA PSIA ACCURACY _PSIA
1; Pressure (Cbnt.)
39-41 Cold Water Pipe 14.7 13-15 4.5
41, 42. Cold Water Plenum 14.7 13-15 +.5
43, 44 Warm Water Plemm 14.7 13-15 + .5
. 45, 46 Evaporator SW Inlet 14.7 13-15 + .5
47, 48 Evaporator SV Outlet 10.8 9.5 - 12.5 i .5
49, 50 Condenser SW Inlet 12.5 11-15 +.5 '
‘51, 52 Condenser SW Dutlet 7.8 7.5-9.5 +.5
53 Warm SW Pump Suction 10.8 9.5-12.5 +.5
54 Warm SW Pump Discharge 147 C13-15 +.5
. 5.'; Coid-Sw Pump Suction | 7.8 7.5 -.9.5 + .5
56 Cold SW Pump Discharge 14.7 13-15 +.5
Sefxsoré 57-66 Are At;mt;nia side ' T
575 58 Evaporatar 130 118-136 | +.5

v-L
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ST-V

" 10 MJe MONTAR APPLICATION TABLE - TEST DATA REQUIREMENTS

MEASUREMENT LOCATION EXPECTED RANGE REQUIRED
VALUE PSIA PSIA

1., Pressure (Cont.)A
59, 60
61,.62
63,64
65,66
67
68

69

70

Sepatﬁtor
Condenser
Hotwell

Ammonia Storage Tank

. Ammonia Feed Pump Suction

Ammonia'RecircuIating Pump Suction
Turbine Ammdnia'Vapor Inlet

By-Pass Valve Oﬁtlet to Condenser

129
88
88

130
88

130

129

90

117-135
83-96 .
83~96

118-136
83-96

118-136
117-135

75-135

I+

I+

ACCURACY pcTA

.5

1+

.5

1+

.5

.3

I+

.5

.5

I+

.5

1+

I+
O
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10 Mie 40DULAR APPLICATIOR TABLE 2 - TEST ...[A REQUIREMENTS
MEASUREMENT LOCATION EXPECTED RANGE REQUIRED o
- v VALUE °p ACCURACY
2, Temperature
Sensor Number
1 .Eveporator Qutlet (NH3) 71 66-74 + .5
2 Separator Outlet (NH3) 70 65-73 + .5.
3 g Turbine Exzhaust 49 - 46-54 +.5
4 Condeaser Hotwe:l 49 46-~54 +.1
5 NH Feed Fump Disch;rge 49 46=54. + .5
6 iEvzpo;atoz Inle: (NH3) 60 . .56-63 +.5
1. Evaporator Liguid Drain 71 . 66-74 +.1
8 ’Separntor Liquid Drain 70 65-73 + .5
9 NH3 Recirculation Pump Discharge 71 66-74 + .5
10 Condenser SW Inlet 40 35-45 i .1
1 Condenser SW Du=let 46 41-51 + .1
12 Evaporator SW Ialet 80 75-85 + .1
i

V=L~
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io e MODULAR APPLICATION

TABLE

TEST DATA REQUIREMENTS

MEASUREMENT LOCATION EXPECTED RANGE REQUIRED
VALUE _°F °r ACCURACY . °F
2. Temperature (Cont'{l)
13 Evaporétor SW outlet 75 70~-80 + .1
14 Lube Oil Cooler Inlet 140 130+150 + .5
" 15 through 32 Condenser SW Inlet 40 35-45 + .5
Individual Tube
Measurements - !
Clusters of 6 Ir 3
Locations -
33 through 50 Condenser SW Cutlet 46 41-51 c+ .5
(Same as 15-32) ' )
51 through 68 Evaporator SW Inlet 80 75-85 + .5
(Same as 15-32)
6% through 86 Evaporator SW Outlet 75 - 70-80 - .+ .5
(Same as 15-32) ’ i
E

v-L
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ION TABLE 2 - TES1 .fA REQUIREMENTS

1 APP
MEASUREMENT LOCATION EXPECTED RANGE REQUIRED o
o VALUE OF ACCURACY F
2. Temp., (Cont.)
(NOTE: Sensors 87-113 are coupon rack instrumentation and dre not shown).
87-89 Cold Vater Pipe
90, 91 Cold Vater Plenum 40 35-45 +.5
92, 93 Warm Water Plenum 80 745-85 + .5
94, 95 Evaporator SW Inlet 80 75-85 + .5
96, 97 . Evaporator SV Outlet 75 70-80 +.5
98, 9 Oo:adepser SW Inle..t . Lo 35-L5 + .5
100, 1 Co'::'denser SW Cutlet 46 hi-51 + .5
102 Warm SW Pump Suction 75 70-80 +.5
103 . Wam_SW.Pump Discharge 75 70-8C “+ .5
- 104 Cold 5W Pump Zuction .. 46 41-51 + .5
105 4é 41-51 + .5

Sengors 106-115 are §

Cold W Pump [ischarge

immonia Side.

Y-L
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562

10 Mie MODULAR APPLICATION TABLE 2 = _TEST DATA REQUIREMENTS

By-Pass Valve Outlet to Condemser

45475

MEASUREMENT LOCATION EXPEC'I;’ED RANGE REQUIREﬁ
_ VALUE “F F ACCURACY
A"AZ. TEMP. (Cont.)
’ 106,107 Evaporator 70 65-73 + .5
108, 109 Separator 70 65-73 + .5
110,111 -SOndense_f 49 46-54 + .5
112, 113 Hotwell 49 46-54 + .5
114, 115 Ammoni,.a Storage Tank 70 65-73 + .5
116 Ammonia ‘Feed Pump Suction 49 46-54. + .5
117 | Anmonia_Rec‘;l.rcul-ation Pump Suction . 71 66;74 + ;5
118 Turbine Ammt;nia .'Vapor Inlet 70 65-73 + .5
v119A ' 60 |

14+
e

v-L
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Lube 0il Cooler 30 : 20-40

. 10 Mle _ MODULAR APPLICATION TABLE -_TEST DATA REQUIREMENTS
MEASUREMENT LOCATION T ‘ ) EXPECTE(P RANGE -~ REQUIRED-
: VALUE °F °F ACCURACY °F
‘3. Temperature
Differential
Sensor Number:
1 + .1

v-L
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10 Mile

AODULAR APPLICATION

TABLE 2

TES.

.TA REQUIREMENTS

‘ (NOTE: Sensors 10-38 lare coupon rack instrumentation and arn

e not shown).

HEASUREMENT LOCATION EXPECTED RANGE - |- - REQUIRED ]
i VALUE LB/HR. LB/HR ACCURACY LB/HR
4, Flow Sensor
" Number .l
6 - 6 6 4
1 NH Feed 2.987 x 10 2.83 x10 - 3.14 x 10 +2.83 x 10
) 3 6 6 . A
2 ¥H Recirculation 2,987 x 10 0-3.14 %10 + 2,83 x10
3 6 6 6 4
3 Evaporator Liquid Drain 2.655 x 10 1.33 x 10 - 2.79 x 10 +1.33x10
5 5 3
4 Separator Liquid Drain 3.319 x 10° 1.66 x 10 - 3.48 x 10 +1.66 x 10
5 Make-Up VAR 0 - 2,987 x 10 + 2,987 x 10
6 4
6 Dump VAR 0~ 2.987 = 10 4+ 2,987 x 10
7 Lube 0il Cooler TBD :
8 8 "8 6
8 Cold SW Pump Suction 2.63 x 10 2,5x10 - 2,76 x 10 - +2.5x10
: 8 8 : 8 6
9 Warm SW Pump Suction 3.054 x 10 2.9x10 - 3.21 x10

+2.9x10 -
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10 Mie

(XA 4

JDULAR APPLICATICN TABLE 2 - TEST A REQUIREMENTS
MEASUREMENT LOCATION EXPECTED RANGE REQUIRED
VALUE LB/HR LB/HR ACCURACY LB/HR
a Flow (Cont.) ) . . .
10-12 Cold Water Pipe 2.63 x 10 2,5x10 - 2,76 x 108 +7.5x 106
13, 14 Cold Water Plenum 2.63x10 | 2:5% 1°: " 276 x 10 $7.3%10
15, 16 Warr Water Pleaum ' 3.05 108 2.9 x 1o8 -3.21 x 1o8 +8.7x 1o6
17, 18 Evaporator SW Inlet 3.05 108 2.9 x 108 -3.21 x 108 + 8.7 x 106
19, 20 Evaporator SW- dutlet 1 3.05 1o8 2.9 x 1o8 -3.21x 108 +8.7 x 1o6
21, 22 | Condenser SW Ialet 2.63x10 | 2.5% lo - 2.76 x 1o - £7.5x 10
T 23, 2 Condenser SW Outlet 2.63 108 2.5x 10 - 2.76 x 10 +7.5x 106
N 25 Warm SW' Pump Suction 3.05 108 2.9 x 108 -3.21 x 108 + 8.7 x 106
26 Warm SW Pump Discharge 5.05x10 | 2.9% 1o: -3.21 x 1o: £8.7x10
27 Cold SW Fump Suction 2.63 108 2.5 x 1o8 - 2,76 x 1o8 +2.5x 1o6~
28 Cold SW Fump Discharge 2,63 1o8 2,5x10 - 2,76 x 10 +2.5x10
Sensors 29-38 Are Ann#:onia Side.
' 6 6 6 4
29, 30 Evaporator 3.32 x 10 3.15%x 10 - 3,49 x 10 +9.45 x 10
31, '32 s;§aratqf_ 2.29 1o6 2,17 x 10<6 - 2.41 x 1o6 + 6.51 x 1o4

-/




10 Mje _ODULAR APPLICATION TABLE 2 = TES: ...TA REQUIREMENTS
MEASUREMENT LOCATION EXPECTED RANGE REQUIRED
: . VALUEL® /MR ACCURACY
4. Flow (Cont.)
" 6 | 6 6 A
33, 34 Condenser 2.99 x 10 2.84 x 10 - 3,14 x 10 +8.52 x 10 |
; 6 6 6 4
35, 36 Hotwell 2,99 x 10 2.84 x 10 - 3.14 x 10 +8.52 x 10
‘ 6 6 6 4
37, 38 Ammonia Storage Tank 2.99 x 10 2,846 x 10 - 3.14 x 10 +8.52 x 10
6' .
. 39 Turbine Ammonia Vapor Inlet 2,99 x 10° | 2.83 x 10° - 3.14 x 10° +2.83 x 10°
[ 4 . ' . .
b 40 By~-Pass Valve Outlet to Condenser 2.99 x 10 2.99 x 104 - 1.79 x 106’, +2,99 x 102"‘

6£¢
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TABLE 2 = TES. .ATA REQUIREMENTS

MEASUREMENT LOCATION EXPECTED RANGE REQUIRED
VALUE gy Kw ACCURACY
5. Power Sensor
Number:

1-1 Generator Gross Out 14, 420 13,700 - 14,420 + 14

1-2 Generator Net Out 10, 100 9,595 - 10,605 X 10

2 Warm SW Pump In 1, 522 1,446 - 1,598 + 2

3 Cold SW Pump In 2, 297 2,182 - 2,412 + 2

4 Ni Feed Pump In 781 742 - B20 401

5 N33 Recirculation Pump In 50 47.5 = 52.5 +.1

3

v-L
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10 Mie JDULAR APPLICATION

TABLE 2 - TES: _aTA REQUIREMENTS

. IMEASUREMENT

.995

LOCATION EXPECTED RANGE REQUIRED
VALUE ACCURACY
6. Quality Sensof
Number
1 Separator Outlet .99.- .999 + .01

VfL
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TABLE = TES1 ~ATA REQUIREMENTS

MEASUREMENT LOCATION EXPECTED ' RANGE " REQUIRED
VALUE ~__ACCURACY

7. Level Sensor
Number

1 Hot Well ' Level Signal from
Controﬁ Systemr
2 :

NHEI Storage Tamk

V-1
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10 MRe

AODULAR APPLICATION,

TABLE 2 =~ TEST ...TA REQUIREMENTS

[MEASUREMENT LOCATION - EXPECTED RANGE: REQUIRED
VALUE RPM RPM ACCURACY _ RPM
8. Speed Sensor
Number:
1 Turbine 3600 3060 - 4140 + 15
2 Warm SW Pump 67 60-74 +3
3 Cold SW Pump 101 94 - 108 +5
4 NH3 Feed Pump TBD
5 Nl-la' Recirculation Pump .' TBD

v-L
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10 MWe  .1ODULAR APPLICATION

TABLE 2 = TES1 .aTA REQUIREMENTS

MEASUREMENT

LOCATION

EXPECTED
VALUE

RANGE

REQUIRED -
ACCURACY

9. Control Valve
Measurements

P

(NOTE: Three measur#ments for each va_ve will include:)

1)
(2)
(3)

Valve Position
Contro] Refereace Signal

Control Error 5ignal

| S

' 4 By-Pass Valves Sepjrator Outlet

cv-1 NH Feed
cv-2 ° NH3 Dump
Cv-3 NH3 Make-Up From Storage
Cv-4 NH3 Recirculation
cv-9 NH3 Dump 'To Storage
" 3
CV:IO NHg“Dump to Ccndenser from Evaporat&r

V=L
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We  .ODULAR APPLICATION TABLE 2 - TES, _.TA REQUIREMENTS

bl J
1
MEASUREMENT "| vrocarrow EXPECTED RANGE REQUIRED
" VALUE ACCURACY
MILS - PEAK TO PEAK -
10. vibration and
Rotor Balance
1 Evaporator : 2 0-10 + .1
(NDTE: Two inductivdq displacement sensors (horizontal & vgrtical) will b% placed in 6 tubes
on the seawater sidd).
2 . Condenser ‘ 2 0-10 + .1
(Same as 1)
3 . Turbine 2 0-10 + .1
(NOTE: -Two 1nductive'disp1acemeht sensors are mounted at dach beafing and a fifth is used as
a reference for the jorbit (Lissajous) method of balancing)|.
4 Generatar 2 0-10 +.1
(Same as 3)
5 ' Warm SW Pump 2 0-10 +.1

(Seme ag 3)

v-L
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10 Mie JDULAR APPLICATION

TABLE

TES1 .aTA REQUIREMENTS

(Same as 3)

3

MEASUREMENT LOCATION EXPECTED FANGE REQUIRED
] VALUE ACCURACY
MILS - PZAK TO PEAK
10, Vibratior/
Balance (Cont.)

6 Cold SW Pump 2 0-10 + .1
.(Same as 3)

7 NH Feed Pump 2 . J-10 +.1
(Same as 3) 3 “|.

8 _RH Recirculatfon Pump 2 0-1¢ + .1

VL
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- INSTRUMENTATION -SPECIFICATIONS FOR
TEMPERATURE, PRESSURE,
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S . ' '
TEMPERATURE MEASUREMENT SPECIFICATION

Type: Thgrmocodplé _ ’
‘Range: 32°F - 150°F (0°C - 65°C) |
Abcuraéy: '+ 0.5°F (310 required; 180 TA, 130-10MWe)

+ 0.25°F (90 required; 40-TA, 50-10 MWe)

Material: Choose from
| - 1, Copper-Constantan (T)
2. IronGCopsféntan J)
3. Chromel-Constantan (E)

4, Chromel-Alumel (K)
Timé Constant: 5 seconds maximum
Int;rphangeability:v i O.SOF'(SIO); + 6.25°F (90)
_Lo:ng :erm»stabnity: + b.5°1_? (310); + 0.25%F (90)

" Maximum Change in sensitivity + 0.5% due to thermal shock, high
and low temperature storage, vibration, shock, immersion,

- life test, and moisture.

~Est;méted Cost @ $200/sensor
Test Article : - $44,000

10 MWe Modular Experiment $36,000

B-1



7-A

Pressure Measurement Specification

~ Type: Electrical pressure transducer, passive tybe
Kind: SErain gage, potentiometric, capacitive, LVDT
.Range: 0-20 psia |
0-200 psia-
' Accuracy: +.1 psia (low range)
+.5 psia (high range)
’0pérating Temperature: 329F-150%F
Sensitivity Change with Temperature in Operation Range: - li of Full Scale
Non-Linearity: .25% rated output
Repeatability; .03% rated output
Hysteresis: .25% rated output . L

Excitation: 15-18V, AC or DC

Eotimated cost

Test Article : $ 32,000

10 MWe Modular -Experiment. $'60,000
B-2
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Type:

Sensitivity:

Frequency Response
(+ 5%):

.

Mounted Resonance
Frequency:

Transverse Sensitivity:
Amplitude Linearity:

Operating Temperature
Range:

Shock Reéiétance:

Noise Floor (overall):

Sensitivity Change with
Temp, in Operating Range:

Calibration Accuracy:

Estimated Cost:

Test Article

10 MWe Modular Experiment
Narrow Band Specrum Analyzer

7-A

VIBRATION MEASUREMENT SPECIFICATION

Pumps ‘Turbine /Generator

" Heat Ex&hagggr Tube

Piezoelectric Acceler. Eddy Current Probe

1 mv/g 5 mv/g 50 mv/mil
10-3000 Hz 1-10000 Hz  DC - 10,000 He
_ 15,000 Hz _ 50,000 Hz
5% .. 5% 5%
L+ 1% +1% + 5%
'32°P-90°F 32°F-150°F - 32°F-90°F
50 g 500 g 500 g
_ 10-3g rms _10i3g rms _ 10-3 g rms
_ 1% _ 2% _ 3%
+ 17 + 1% + 1%
$24,000
42,000
20,000
B-3
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Speed Measurement Specification

Type:

Sensitivity:

Frequency Response (+5%):

Mounted Resonance
Frequency:

Transverse Sensifivity:
Amplitude Linearity:

Operating Temperature
Range:

Shock Resistance:
Noise Floor (overall):

Sensitvity Change with

Temp. in Operating Range:

Calibration Accufacy:

Eddy Current Probe
50 mV/mil

DC - 10,000 Hz

32°F - 150°F
500g

10-3 g rms
3%

+1%

e

e e
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POWER MEASUREMENT S PEC IFICATION
Typé: : ' Watt Transducer -

Input Watts: ﬂiSOO Watts, 3-Pﬁase;,4 Wire

Input'Volfage: _ %120 VAC-
Inpﬁt Currenfg' . | - . 5A
Freqpency: A - 60 Hz
Outfﬁtff _-. ' ,?;“ 0-50 mQ (1 ma)
Outpui Load Resistance: -0-1@,000 ohms
Accuracy: . B -i'.SZ |
Temperature Senéitivity: + .5% max. -

| | ' -20 to 65°%
Response Time (To 997% of 400 msec

Rated Output)
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MEDIUM TURBINE GENERATOR
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A. Rotor Forgings

The generator forgings are ordered rough-machined w

ith

approximately one-eighth (a) of an inch material left on all

surfaces.

1. AtSupplier

The following are approved andlor witnessed by Large

Rotatmg Apparatus Department, Quality Control when per-

tormed.

Ladle analysis of chemical properties’

Ultrasonic test (U.T.) for mill information.

Preliminary mechanical properties test after

heat treatrment.

Ultrasonic test in the solid after heat treatment.

Official tests for mechanical properties —

samples are taken from the rotor for:

1. Tensile test

2. Charpy impact test

f. Ultrasonic (U.T.) test after boring.

g. Dry bore examination.

h. Borescopic examination of wet magnetized
bore surface.

i. Bore concentricity reading in relation to journal
outside diameter.

j. Dimensional checks.

pow

co

2. AtWestinghouse

a. Layout forging for machining. Inspect forging
bore and check layout for metat sufficiency.

b. Finish-machined in lathe prior to slotting. The
inspections are as follows:

1. Truth check {Cancentricity)

2. Surfsce finish.

3. Dimensional charting at the completion of
the lathe operation.

c. Coil slots and additional machining are done at
this point. The inspections are as follows:

1. Setup prior to machining.
2. Surface finish
3. Dimensional charting.

d. Rotor shaft end surfaces are subjected to wet
magnetic particle test aftet slotning.

e. Rotor body is subjected to ultrasonic testing
(U.T.) thru crescent grooves machined in pole
faces where applicable.

f. Final machining quality assurance chart com-
pleted.

B. Hetaining Ring Forgings

256

The rotor retaining forgings are ordered rough-
machined with approximately one-eigth (4} of an inch
material left on all surfaces.
1. At Supplier

Westmghouse approves test reports for the foHow-

ing operations.

a. Ladle analysis for chemical composition. *

b. Mechanical properties test.

c. Ultrasonic test (U.T.)

d. Dimensional checks.

Quality and Witness Program for Medium Turbine Generators

\
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Inspection Points

2. AtWestinghouse
a. Machining operation to suit test tools for hydro-

static test.
Ultrasonic test (U.T.)
Liquid penetrant {Zyglo) {(Where applicable)
Magnetic particle test {(Where applicable)
Hydrostatic test (Where applicabie)
Final finish machining operation
Truth check (concentricity)
Surface finish
Dimenslonal charting at the completion of
boring mill operation
Liquid penetrant test {Zyglo) (Where appli-
cable)
10. Magnetic particle test (Where applicable)

NI L LN

®

C. Blowers '
" 1. Blower Hub and Keeper Forging
a. AtSupplier :
1. Ladle analysis of chemical properties
2. Mechanical properties test
3. Surfacefinish
4. Dimensional checks
b. At Westinghouse
1. Ultrasonic examination
2. Dimensional check after finish machining
3. Surface finish
4. Magnetic particle test
2. Blower Blade Castings
a. Ladle analysis of chemical properties
b. Mechanical properties test
o. Dimongional chock
d. Zyglo examination

D. Rotor Coil Processing
1. At Weéstinghouse Copper Mil
a. Chemical properties
b. Mechanical properties
c. Surface finish and visual defects
~d. Dimensional check
2. AtWestinghouse East Pittsburgh
a. Raw Material
Allincurning copper straps brazing alloys, and
insulation are randomly inspected for proper
identification, size, shape and surface defects.
b. End Turns
During the manufacture of the end turns, the -
following inspections are performed:

1. Dimensians —check on template after edge -
bending
2. Visual check of taper after milling operation
3. Dimensional check of inner straights
4. Visual inspection of brazed joints
5. Check shape of end turns on template
6. Check location of vent holes
7. Absence of burrs and nicks
Straight Parts
1. Inspection for proper iength
- 2. Inspection for quality of punched holes
3. :roper position and quantity of punched
oles

c.

W
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Inspection' Points

Absence of burrs and nicks

for insulation adhesion and alignment
Proper stenciling of straps to insure correct
stacking sequence is maintained

tial shorts between turns
After the straight bars and the end turns are
brazed together to form “’C’ sections, a

® N O o

visual inspection is performed on the brazed

joints and the completion of the insulating
" process -

E. Generator Details
There are numerous component parts such as:

p

Wedges

Radial Conductors
Axial Leads
Coupling

Main Lead Cleats -
Oil Seals

that are fabricated and welded, made from bar stock
or cast. Listed are general inspection operations for
manufacture of generator components:

1.

2,

Material specification compliance

2. Welding processes and procedures compluances
3. Cleanliness of details

4. Dimensional and detail item checks

5. Non-Destructive'tests .

6.
7
8
R
1.

Stress relief

. Abrasive cleaning
. Painting and preservation

otor Processing

While in the rotor winding section, the following
inspections and tests are performed:
Check for proper identification of components
Cleanliness of slots and cells
Ground test of J-straps
Check proper support of cells
Ground test of cells
Inspect coils for nicks, burrs, etc.
Alignment of coils and vent holes
Dimensional check of each coil to pole face
Inspection of brazed joints
Pole balance test
High potential test
Rotor assembly
a. Final machining of shaft ends
1. Uimensional charting
2. Surface finish
3. Truthcheck (concenmcny)
b. Assembly of retaining rings, blower hubs and,
coupling inspections are as follows:
1. Dimensional checks
2. Temperature checks (expansion for
assembly)
Location checks after assembly
Truth check for concentricity
Final reaming ot coupling holes, spacers,
adapters and jack shafts are assembled and
charied for size, finish and truth

rTosa@moacoge
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Visual inspection after insulating and bakinq

Electrical test to locate and eliminate poten-

x X

x X X X »
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Cc.

6. Specify gland seal ring size from finished
journal diameter

7. Pressure test for leaks at radial conductors

Balance and overspeed

1. Assemble rotorinrig

2. Record slow-roll out at vibration measurmg

points

Balance rotor at normal speed, cold and hot

Overspeed rotor to specified RPM

Ultrasonic test (U.T.) thru crescent grooves

in pole faces where applicable

6. Check insulation resistance

7. Hi-potential test

o aWw

G. Stator Frames
Fabrication

1.

M. Cores
1.

a.

b.

cao

-

Ultrasonic inspection of frame ring material
before flame cutting where applicable
Inspect detail parts for cleanliness prior to
welding

Check layout

Visual inspection of all welds
Non-Destructive examination of welds where
applicable

Continuous audit of the various operations for
conformance to Process Specification.
Dimensional check

. Inspect gas tight welds where applicable

Approve final abrasive cleaning operation
Inspect frame cleanliness and approve prime
painting operation for conformance to specifi-
cation

Stator Frame Machining
Stator frame is machined complete on specjal NiC
machines. Inspection operations are as follows:

a.
b.
<.

Verify correct set up on machine
Complete dimensional check (charted)
Check for cleanliness

Punchings

a.

Incoming raw material

1. Dimensional checks

2. Check of suppliers material reports for con-
formance to specification

3. Electrical checks (core loss and permeabitity)
—one out of every three coils of raw material

Surface coating of core material

1. Check for acidity

Inspection prior to production blankmg

1. Complete dimensional check of inspection
gage

2. Complete dimensijonal check ofpunchings
individually and on checking gage

Inspection during production run

1. Check first pieces to drawing requirements
and to gage, and sign for approval of run

2. Regular patrol inspections are- made during
production runs

Coating punchings

1. Inspection hy sampling and visual inepoction
for conformance to Finish and Process Spec-
ifications. Results are recorded.

W
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Resistivity
Flatness

Acidity

Coating thickness

aocoo

2. Fingerplates
Ladle analysis for chemical properties
. Check for correct pouring temperatures
Gheoli for propor hoat treating methars
. Radiographic examlInation (if applicable)
Visual examination for cracks and porosity
Ductility test
Dimensional check
Visual check of welds
tator Core Assembly
Assure cleanliness of frame
. Inspect internal piping
Assure correct set up on parallels
. Check centerpost setting
Assure setting of building bolts
Check welding of building bolts
. Assure cleanliness prior to painting
. Check for proper fingerplate setting
Check at every press
1. Level and length
2. Tightness '
3. Furdamaged iron, vent plates, etc.
4, Slot clearance i
Ground test all thermocouples
Inspect insulated thru boits
Length
Insulation
Threads
Non-magnetic properties
Assernbly
Proper Torque
1. Check total length of core

m. Mic bore for proper dimensions
n. Ground test insulated thru bolts

w
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Stator Coils
During the manufacture of these coils, the following
inspections and tests are done:
1. Copper Wire —
a. Insulated and bare wire size
b. Proper insulating material
v. Deyiee of cure oninsulation
2. Coil Assembly ~ Inspect as follows:
a. Cutlengths of wire dimensionally
b. Check for proper cure of insulation
3. Coil Former Set Up
a. Inspect for shape and dimensions
4. Formed Coils

a. Inspect all coils for width and depth dimensions

and surface defects
5. Insulated Coils
a. Inspect for proper application of groundwall
insulation
b. Check width and depth dimensions

inspect for the following properties:

X XXX P
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Inspection Points

. Resin Impregnated Coils

a. Inspect all gages and process charts on ovens
and tanks to insure proper processing

. Coil Press

a. Inspect all press set ups for dimensions

. Pressed Coil
. a. Inspect first coil of each item for shape and

dimensions

. Finished Coil

Inspect each finished coil as follows

Surface defects

. Proper application of varnish

Tinned leads

Width and depth dimensions

Approve fina! short circuit and high-potentiat
tests

oe

eao0

J. Stator Processing-
1. Stator Winding

Check core for damaged iron prior to winding
. Check winding tayout and layout of RTD's
Check assembly of coil supports and braces
. Check bottom coil assembly
Ground test bottom coils
Check fitting of strain blocks
Assembly of top-coils
Wedge assembly
Ground test all windings after wedging
operations
Test of RTD's
k. Inspect soldered series joints
Shart circuit test between groups of coils prior
to phase connections
. Inspect soldered cross-avers and parallel rings
. Insulatinn of arriea annnoations
. Phase to Phase hi-pot
. Phase Balance test
Final check for cleanliness

nvo33

. Machme Assembly

Since the following is meant to apply to both air
couled sind hydrogen cooled genaratore, ceveral of
the inspections may not bo applicabls.
Check insulation of piping in frame base
. Check doweling of bearing brackets
Check assembly of air baffles
. Meggar rotor before assembly
Measure insulation resistance of bearing seats
Check assembly of bearings and atignment ot
piping
. Check rotor endplay
. Check air gap
Check assembly of gland seal brackets and rings
Check assembly of oil seals
Check assembly of blower shrouds
Oil flush and inspection of oil system and
bottom half of bearings
. Check assembly and cleanliness at air coolers

~o a0 oo
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Check neutral ground lead fit

vo23

Test per customer specifications

Check assembly of coupling to exciter . l
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Inspection Points

K. Bearing Brackets

1.

Fabrication
Quality Control performs the following inspections
during fabrication of bearing brackets,

a. Inspect detail parts for cleanliness prior to

welding
. Layout

Dimensional checks :
. Continuous audit of the various operations for
conformance to Process Speufu.dllons
Inspect gas tight welds
Approve final abrasive cleaning, inspect for
cleanliness and approve prime painting opera-
tion

Qoo

~o

. Machining

a. Horizontal joint machining — Quality Control
checks joint flatness and surface finish

b. Drilling Operation - Quality Control checks
and records hole location and size

¢. Boring Mill Operation — Quality Control checks
and records diameters, surface finish, and fin-
ished axial dimensions. :

d. Drilling Operation - Quality Control inspects
proper use of fixtures and threads of tapped
holes

e. Final inspection - Quality Control checks and
records finish dimensions

f. Gas Leakage Test— Quality Contral witnesses
and verifies compl:ance of air tests to engineer-

- ing specifications

Bearing Pracessing

a. Bearing babbitt is analyzed by Iot number for
proper chemical composition by the Westing-
house non-ferrous foundry where it is pro-
duced, prior to shipment to the bearing manu- .
facturing department. Quality Control personnel
perform the analysis and maintain records of -
the results

b. Weekiy babbitt pot samples from the bearing
manufacturing department are analyzed for
proper chemical composition by the Westing-
house Material & Process Laboratory. Arecord
of these test results are maintained by the
Quality Control Department.

c.> Turbine Generator bearings are ultrasomcally
inspected to assure complete bonding of bab-
bitt to bearing shell.

"d. Before and during machining, bearing castings

are inspected for flaws. Non-destructive test
methods are employed as required.

@. Final dimensianal check after machining

f. After final machining and ¢leaning, the finished

bearing is inspected to determine that it is clean|

and adequately protected for future handlmg

L Raw Materials

. The following materials are released to manu-

facturing with acceptance based on the supplier’'s
certified test report. Periodic checks are made by
Westinghouse to verify these test repons on some
items.

XX XXX

x
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All plates (ferrous and non-ferrous)
. Bar products

Miscellaneous forgings

. Pipe and pipe fittings

Hardware

Components

. Tubing

@0 afow

M Generator Cooling and Lubrication
There are several major components which are manu-

factured to aid in the cooling of the genera(or Inspec-
tions and tests are categorized as foliows. .
1. Sea! Oil System
a. The fabrication of seal oil systems is sub-
contracted
b. Priorto shipping to the jobsite, each unitis
given a visual inspection and a quality assur-
ance data sheet is completed.
2. Hydrogen Control System
a. Quality Control mspects the assembled unit for

conformance to wiring and piping diagrams and

specifications.
b. Quality Control approves the results of the fol-
lowing items.
1. Dielectric test of insulation
2. Wiring continuity tests’
3. Leak tests of piping
4. Function of the atlarm system
3. AirCoolers’
The following Q.A. requirements are applicable to
all cooler types.
a. Verification of proper material for cooler tubes
b. Hydrostatic test
c. Dimension check to drawing requirements.

4. Gland Seal and Brackets

The following tests and inspections are performed

during the manufacture of gland seal assemblies:

a. Ultrasonic toct of plates after burnout

b. Custom machmmg instructions to actual shaft

journal size

c. Dimensional check

‘d: Leak test ot welds

e. Final check for identification, burrs, cleanlmess
5. Piping

During the manufacture and assembly of piping for

medium turbine generators, the following tests

and inspections are performed.

a. Inspection during fabrication for shape and
dimensions

b. Inspection of weld integrities

c. Verltication of pickling operation prior to as-
sembly . -,

d. Inspection of fit up during assembly

e. Oil flush during assembly (Onl piping only)

6. Baffles

a. Pour analysis (If applicable)
b. Dimensional check at completion of machmmg
¢. Zyglo examination (If applicabie)

>
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N. Welder Qualification

_Qualification of welders is done in accordance with_

8-A

@

The East Pittsburgh Divisions operate a welding
school to train new welders and to provide addi-
tional training for experienced welders as required
Before performing any production welding, a weld-
er must first be qualified at the East Pittsburgh |
welding schnnt for the welding pracess to be used,

requirements and tests set forth in MIL-STD-248A -
{Ships). These requirements and tests are consid-
ered minimum for any welding whether military or

commercial. The welding schoo! maintains and.
circulates a current record of all qualified welders.
The Quality Control Department performs a con-

tinuous audit of this record for assurance that only

qualified welders perform production welding.
The Quatity Control Department also maintains

. records which are used to verify a welder’s con-
tinuing proficiency in the processes for which he
is qualified.

0. NDT Qualification

1. The LRA Division of Westinghouse maintains a
group of technicians who are assigned to perform
non-destructive testing.

2. These technicians have been trained in Wéesting-

house-sponsored schools or in schools sponsored

by equipment suppliers. Initial qualification is to
the Sociecty of Non-destructive Testing Specifica-
tions SNT-TC-1-A.

P. Inspection Gage Controf Program

260

All critical gages and measuring devices assigned to
Quality Control Inspection Stations, as well as any
personal gages used for inspection purposes, are
checked periodically for accuracy by comparison
with standards whose calibration is traceable to the

" Bureau of Standards. The checking is performed by

highly qualified personnel in the W-5 Gage Labora-
tory, a temperature and humidity-controlled room.
The maintenance of the system is assisted through

" the use of a computer to assure timely tool recall as

well as an accurate tool status inventory.

Inspection Points



APPENDIX 9.1-A

NET ENERGY ANALYSIS

INTRODUCTION

This section presents the calculations for net energy balance of
an Ocean Thermal Energy conversion (OTEC) power plant, based on
Westinghouse's design. :

The concept of net energy analysis is motivated by a growing
concern that an energy supply system based on new energy tech-
nologles should be. evaluated not only in terms of their dollar
economics but also in terms of actual energy economics. Recent
congressional action has mandated that net energy criteria be
utilized as one of the criteria in evaluating proposed energy
technologies. - Specifically, the federal non-nuclear Energy
Research and Development Act of 1974, PL 93-577 5(a)(5)
stipulates that "Potential for production of net energy by the
proposed technology at the state of commercial application
shall be analyzed and considered in evaluating proposals.”

The PL 93-577 however, does not define net energy but the follow-
ing definition is most commonly used by researchers in this \
field. "Net energy is the amount of energy that remains for
consumer use after the energy costs of finding, producing, up-
grading, and delivering the energy have been accounted for."

PREVIOUS STUDIES IN OTEC

The Oregon Energy Office [l] report is apparently the first pub-
lished work for net energy analysis of an OTEC system. The
Lockheed Missiles and Space Company (LMSC) [2] applied the ore-
gon approach to assess the net energy of its OTEC power system.
The ‘Institute for Energy Analysis (IEA) [3] performed a compre=-
hensive net energy analysis of an OTEC system designed by LMSC.
The IEA approach was based on the use of energy coefficients in
Btu per ton for various materlals and components used in an

OTEC power system.

THE W=OTEC SYSTEM
A net energy analysis was performed on a 50 MWe power module of

the W-OTEC system. This system was segregated into the follow-
ing major components.

‘1. A surface platform/ship designated as'the basic hull (con-

crete or steel), and anchor system.

2. A power module consiSting of heat exchangers, turbine/genera-
“tors, pumps, ammonla piping and other miscellaneous compo-
nents. . -

3. Cold water piping system

4, Other components
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Table 1 shows the mass in short tons for the above components.

The mass of the platform/ship was prorated down from a 400 lWe

plant ship while the masses of the other. ‘components were obtgin-
ed from the corresponding masses of a 10 MWe module, by multi-
plying by 5 (except ammonia which was calculated separately) .

It is observed that the total weight of the OTEC plant with steel
hull amounts to 29,990 short tons, out of which fabricated steel
accounts for 23,623 short tons (about 78.8 percent). If the hull
were that of concrete, the plant weight amounts to 79,933 short
tons. Reinforced concrete constitutes 63,427 short tons .

(79.35 percent) and fabricated steel accounts for 10,139 short
tons (12.7 percent).

THE METHODOLOGY

The method employed for energy.computations uses primary* energy
coefficients (Btu/ton) and the masses of the OTEC power plant
components. These energy intensity coefficients were obtained
from the published reports of IEA [3] Battelle Columbus Labora=x
tories [4], (5] and Bullard et. al. [6]. These energy coeffi-
cients were computed from the input-out analysis of U.S. economy
consisting of 357 production sectors in 1967 and process analy-
sis of specific materials or components.

THE ENERGY INPUT CALCULATIONS

The OTEC power system under study éonsists essentially of the
following distingt materials and components (from Table 1)

1. Reinforced concrete (optional)

2. Fabricated Steel Products

3. Stainless Steel Products

. Fabricated Titanium Products o
Manufactured equipment .
. Ammonia '

. Nitrogen

The energy intensity coefficients of all the above products were

- taken from the published sources described earlier with the ex-

ception vl unltrogen. 'The énergy coefficient of nitrogen was

. estimated from the process and cost data supplied by Linde Air
. Products (Division of Upion Carbide Corp.) and Research Corp.

Table 2 shows the energy coefficients, total energy, and annualiz-
ed input energy from the components considered in the Westing-
house OTEC 50 MWe power plant system. Annualized energy inputs
were obtained from the total input energy of each major component
by dividing the latter by the expected service life of the
individual components. ' '

*Primary energy is defined as the sum of coal, crude oil plus the
fossil energy equivalent of the hydro and nuclear energy {(used

to produce electricity in 1967) for electrical energy used in
the product.
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- The expected service life of the OTEC system components were
assumed as follows: Concrete products 100 years, fabricated

steel products 50 years, and manufactured equipment 40 years.
It was assumed* that ammonia leak would be less than 3 percent
per vear and that the nitrogen used for purging the system
would have to be 100 percent replaced after each purge. 6 A
total of six purges were assumed per year.

The IEA [3] report used a 20 percent markup for the facility
construction for the platform, power system and cold water pipe
fabrication. The same markup was used in the present study.

The economic analysis issued separately estimates, the annual
operating and maintenance (O&M) costs at $550,000 per year
(1978 dollars). These costs include the personnel, fringes,
material, supplies and contingency. These costs were deflated
to 1967 and energy coefficients Btu per dollar from Bullard

et. .2al. [6)] were used to estimate the energy eguivalents of

O&M dollar costs. This was found to be, 30,000 million Btu per
year.

The energy required for towing the ship to the anchoring site,
as well as the energy required in moving the parts to and from
the shore both during construction and for maintenance over the
service life of the plant are believed to be relatively small
and hence not included in the computation of the input energy.

The total primary energy input in millions of Btu was found to

be 110,026 per yegar based on concrete hull and 143,863 based on

a steel hull., Table 2 also shows a breakdown of the total pri-
mary energy into electrical energy and thermal energy. The elec-
trical energy component was obtained by using a conversion factor
of 13,850** Btu per net kWh. The total electrical input was
found to be 40 percent for the concrete hull and 37 percent for
the steel hull based system.

Net Energv Output

The OTEC system gross output is bus bar electrical estimated at
70 MWe. The following are the auxlllary power requirements
(from Westinghouse Electric Corp.).

1. Cold Water Pump 10 MWe
2. Warm Water Pump 6.6 MWe
3. Cycle Feed Pump 1.5 Mwe
4, Recycle Pump 0.1 MWe
5. Chlorination 1.2 Mwe
6. Hotel Loads - 0.5 MWe

Total auxiliary power required 19.9 MWe

*These assumptions were supplied by Westinghouse.

U.S. in 1967, 13850 Btu represents the total direct
energy requlred to delxver 1l kxWh to customers. and 1ndlrect

"3

[6), average of all fossil plants operating in
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The net bus bar output available is hence 79 MWe, less 19.9 iWe

or 50.1 MWe., The Westinghouse report [7]) estimates the

OTEC system availability at 90 percent. This high availability

is considered possxble because of moderate temperature and pres-
sure, -and use of proven materials and design technlques.

ye

A 90 percent availability would generate 395 mllllon'kWh per year.

This is eguivalent to 1,348,000 million Btus per year.

Summary and Conclusions.

The annualized electrical energy anugs are 53,121 x 106 Btu and
thermal energy inputs are 90.742 x 10° Bty (for steel hull). The
total inputs are thus 143,863 xv106 Btu. The bus bgr output of
electrical energy is estimated to be 1,348,000 x 10° Btu. Hence,
it is ohserved that the net annual electrical energy output of the
OTEC power plant is 9.37 times (for steel hull) the annualized ‘

“energy inputs during the construction and operation period (over

the service life of the components). The net energy ratio for con--
crete hull is 12-25, The overall heat rate measured by the ratio
of thermal energy inputs (Btu) to the net electrical energy output
(kWh)amounts to 232 Btu/kWh for steel hull (168 Btu/kWwh for con-
crete hull).

The accuracy of energy intensity coefficients has been judged as
+ 20 percent to + 30 percent. This is because of inherent diffi-
culty with the input-output method referred to before. There

are a finite number of productions sectors (e.g. 357) and-the
problem is to logate an appropriate sector to represent a
particular product in question. This product may not be ade-
guately represented by the average product of the selected
sector. Other limitations of the input-output method are
discussed in a paper by Bullard and Herendeen [8].

Hence, if the total 1nput energy is increased by 30 percent to
allow for any estimating error the net energy output to input
ratio decreases to 7.20 for steel hull and 9.4 for concrete hull
based system.

‘It is concluded that the OTEC system represents a highly favorable

net energy balance. Even after allow1ng for a reasonably large
error margin, the energy delivered is more than seven times the
total direct and indirect input energy.
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APPENDIX 9.1-B

BUS BAR COST OF ELECTRICITY

Introduction

This section presents the economic calculations based on a set
of financial assumptions and determines the bus bar costs of

electricity generated from the 50 MWeHOéean Thermal Energy

- Conversion Power System. The financial assumptions are repre-

sentative of the currént market conditions.

The Method

The bus bar cost of electricity was calculated .using utility
oriented book return-on-equity method. In this method the total
project equity is determined for each year of the plant's assumed

useful life by deducting cumulative depreciation of piant and

.équipment, outstandding 10ng-tetm debt, and preferred stock from

the gross capital investment in the project. Using an assumed

required rate of return, tﬁe required return on equity wés then
calculated. Annual revenue requirements'ﬁere then obtained by ,

addiﬁg operating, maintenance and overhead expenses; capital charges;.
and taxes to the required return on equity and diyidend on preferred .
stock. The annual production volume of electricity was calculated using
the rated output of the plant, less auxiliary and hotel loads, and an
assumed capacity factor. Finally, the bus bar cost was found by
ld’iv'id'in_g the xéquired revehqés'by the production volume. The

detailed procedure is shown in Figure A.



—
-

1L e e

C. The nssumptions
The bus Laf cost for the first and last year, as weli as the
arithmetic avefage of the annual bus bar cost overlthe 30~year
life were calculated using.the following parameteré:
1., Direct Capital Cust Per 50 MWe Module (1978 §):
Power Module $68,136,000

Start-Up Power Egquipment 1,876,000

Hull 15,735,000

Cold Water Pipe 2,600,000

Plant Erection 2,800,000

Total $91,147,000%
2. Contingency (10%): " $ 9,115,000

3., Escalation (8%4 year): $11,452,000
4, Interest During Construction (10%/ year): 16,222,000
5. Working Capital (20 percent of annual fixed charges**): 366,000
6. Financial Parameters: 50-percent debt at 10-1/2 percent fos
20 years, 15 percent preferred stock at l3-percent dividend
rate, 35-percent common stock at 15 percent return on eguity

after taxes

S * Per Westinghouse estimate dated August 18, 1978
** O&M and insurance charges
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11.

12,

13.

9.1-B

Annual Operating and Maintenance Costs: $550,000™*
Startup Costs (four mdnths of annual operating and
maintenance): $183,000 L

Insurance Coéts {1 percent of capital costs): 51,281,000

Depreciation: 1l5-percent salvage value, straight line over
30-year lifevcycle: $3,630,000

Income Taxes: 48 percent of equity return and preferred
stock dividends. B
Investment Tax Credit (10 percent of Capital Expenditures,
amortized over plant life and converted to pretax eguivalent):
$716,000

Annual Power Generation (50,000 kW x 8760 hrs x .9 capacity
factor): 390,000,000 kWh

Wages for 5 men team (prorated from 40 men team for 400 MWe
Module): . ‘ $125,000 |
Fringes (33 1/3 percent of Wages): 42,000

Materials and Supplies .(40 percent of wages): 50,000

. Major. Maintenance (Westinghouse Estimate): 165,000
Subtotal O&M: $382,000

Escalation at 8 percent per year over three years: §$ 99,000

Subtotal Escalated O&M: $481,000

Contingency at 15 percent of Escalated Subtotal $ 69,000

Total O&M Costs: $550,000
3.
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D. Results
Figure A shows that, for the first year of operation, annual'rev-
enue requirements are $28,573,000 or 73.3 mills per kilowatt-hour.
Similar calculations result in a kilowaéthour cost of 24.8 mills
in the last year. The ariﬁhmetic averé§e4§§e} the assumed 30-year

life is 51.6 mills per kilowatt=hour.

E. Discussion

The after tax return on common equity of 15% and the preferred
stock dividend of 13% were assumed as probablefretufhs-iﬁ mid
eighties. However, the present returns allowed by the public
utility commissioners range as low as 13% for common equity.

The current dividend on preferred stock is around 11% for utility
companies. If these lower rates are used, the first year mill
rate reduces to 67 mills per KWH while the 1ife cycle average
rate becomes 47 mills,
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Figure A"
. Annual Réanué Réquirement - lst Year (1981 §)
Direct Capital Cost - s 91,147,000
Contingency o ' ‘ 9,115,000
Escalation | .( f 11,452,000
Capital Expenditures | 111,714,000
Interest During Construction o 16,22.2,000;~
Startup Costs L ' . 183,000
Total Capital Cost - Cole 128,119,000
Working Capital 366,000
Gross Capital Investment 128,485,000
4 ) .
Less: Cumulative Deéreciation ' 3,630,000
Outstanding Long-Term Debt .63,003,000
Preferred Stock : 19,218,000
Total Project Equity . S 42,634,000
Operating & Maintenanoce ' $ 550,000
Insurance : 1,281,000
Depreciation 3,630,000
Interest | 6,726,000
Preferred Stock Dividends 2,498,000
Return on Equity | - 6,395,000
Income Tax 8,208,000
Investment Tax Credit _(716,000)
Reqqired Revenue 28,573,000
Unit Price (mills/kilowatt-hour) 73.3
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APPLNDIX 10-A
.TECHNICAL SPiCIFICATIONS

Contents: _
1. Ammonia Feed Pump and Ammonia Recifculation Pump
2. Ammonia Piping
3. Ammonia Storage Tanks, Pressure Tank and Ammonia Compressor
L., Nitrogen Supply and Storage System
5. Startup and Standby Power System
6.ACirculating Seawater and Component Cooling Water System
7. Compressed Air System -
8. 6900 Volt Metalclad Switchgeaf
9. LBO Volt Secondary Unit Substation
10. 48O Volt Motor Control Centers
11. ZKV and 8KV Power Cable ‘
 ,12. 600V Power & Control Cable
13, Electric Motors '
1L, Station Battery & Battery Chargers
15, Unintefruptable Power Supply (ﬁfﬁ)
16, Reinforced Concrete for Power Plant Equipment Supports
17. Structural Steel fo:‘Power Plant kEquipment Supports
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OTEC TECHNICAIL SPECIFICATION
Ammonia Feed Pump and Ammonia Recirculation Pump

Introduction -

The object of this specification is to define the design
parameters material selections and the various constraints of the
ammonia feed and ammonia recirculation pumps. The ammonia feed
pump will transfer liquid ammonia from the condenser to the
evaporator via NH3 manifold and to storage tanks. The ammonia
recirculation pump is capable of transferring ammonia from the
evaporator and discharging it either back to the evaporator or to
the storage tanks.

Component Description

Both the feed and recirculation pumps will be standard industrial
vertical turbine type pumps. These pumps will be furnished with
vertical motor drives mounted on a fabricated steel discharge
head/base plate which is fastened to the hull structure. The
motor is contained in a totally enclosed fan cooled (TEFC)
enclosure. The ammonia feed pump will require a 600 hp motor
supplied by a three (3) phase, 60 cycle, 6900 volt power source.
The recirculation pump will require a 70 hp motor supplied by a
3 phase, 60 cycle, 480 volt power source. Each motor is coupled
to a vertical line shaft which extends down to the impeller/bowl
assembly. The 1line shafts are located within sections of steel
flanged column pipe which serves both as the pump discharge 1line
and the shaft housing. Carbon steel will be used for the
lineshaft and couplings. Cast iron or steel will be employed for
the bearing retainers and graphalloy will be wused for the
lineshaft bearings. The column pipe will be connected to a
barrel section. The barrel extends from the bottom of the
platform vessel in order to satisfy the net positive suction head
requirements of the pumps. Pumps suction lines will also extend
from the respective heat exchangers and will be connected to the
barrel suction nozzle. The bowl assembly is housed in the barrel
and consists of cast iron bowls, impellers and stainless steel
wear rings and bowl shaft. Both pumps will be fitted with
mechanical seals to ensure zero leakage.

Codes_and_Standards

The design, materials, fabrication, inspection and testing of the
ammonia pumps described herein will be governed by the following
applicable codes and standards.

a. BAmerican National Standards Institute (ANSI)

b. American Society for Testing and Materials (ASTM)

1-1

277



278

d.
e.
f.
g.
h.

10-A

American Society of Mechanical Engineers (ASME) .

American Welding Society (AWS)

Hydraulic Institute (HI)

Code of Federal Regulations (CFR)
occupational Safety and Health Administration (OSHA)
National Electrical Manfacturers Association (NEMA)

Institute of Electrical and Electronics Engineers (IFEE)

1-2
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Liquid Pumped

Capacity (gpm)

Temperature (F)

Specific Gravity
Suction'Pressure Approx. (psia)
Dischéfge Pressure Approx. (psia)
Total Dynamic Head (ft)
Number .of Pumps Regquired

Brake Horsepower # Design Point
Pump ﬁfficiency @ Design Point
Motor Required (hp)

Power Supplied to Motor
Required NPSH (ft)

MATERIALS -

Lineshaft and Couplings

Bearing Retainers

Lineshaft Bearings

1-3

10_Mwe
Anhydrous Ammonia

10,494

50

0.70

89

130

239

1

533

83%

600

3-phase, 60 cycle, 6900 volts

20

Carbon Steel
Cast Iron or Steel

Graphalloy

279,
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Liquid Pumped
Capacity (q#m)
Temperature (F)
Specific Gravity

Suction Pressure Approx.,(ps;aj_

Discharge Pressure Approx. (psia):

Total Dynamic Head (ft)

Number of Pumps Required -

Brake Horsepower at Design Point

Pump Efficiency at Design Point
Speed (rpﬁ) ‘

Motor Required (hp)

Power Supplied tq Motor
Required NPSH (ft)

Materials

Lineéshaft and Couplings
Bearings Retainers

Lineshaft Bearings

280 L 1-4

RN

.10 _Mwe
Anhydrous Ammonia
3,954
70
0.70
128~
130
42
61.3
- 82%
1180
| 70
| 3-phase, 60 cycle, 480 volt
' 16

Carbon Ssteel
Cast Iron or Steel

blGraphalloy .



10-A

OTEC TECHNICAL SPECIFICATION

Ammonia Piping !

;gggodugtieg

‘This . 'specification addresses the design requzrements and other '
related details of the OTEC power module ammonia piping system.

A network of large diameter pipe is utilized to connect the

various components in the power cycle. . The pipe routing between .-

components along with the orientation of components was studied
in order to minimize losses in the. ammonia piping and also .in. the
seawater systems. The piping system is designed to contain the
working substance, anhydrous ammonia, in both the - gaseous - and
liquid 'phase. The piping system will also be designed to
withstand all internal normal operating temperatures and
pressures. ,

System Description ,

The ammonia power cycle piping will be similar to the class of
pipe used in the ammonia refrigeration industry. It will be

welded steel piping such as ASTM A-63 or A-106. The piping will.

be extremely important as contamination will be a source of
system trouble.. Contamination may reduce heat transfer in the
evaporator and condenser, cause excessive system pressure drop

and increase horsepower requirements. Overall, this will effect .
the OTEC System efficiency and net generating capacity. To

ensure the cleanliness of the ammonia piping system, standard
pipe such as A-63 or A-106 must be pickled in an acid solution to
remove. all  foreign matter, especially the coating of varnish
applied at the steel mills for protection in storage. After

pickling, .the .piping must be rinsed and a light coat of oil

applied ° to prevent rusting. Durlnq » welding
(fabrication/installation) of the ammonia piping, nitrogen gas
will be utilized to displace the surrounding air and prevent
oxidation and scale formation.

The following  is an estimated Ammonia Piping Bill of materials
which will be required for a 10 MWe OTEC power cycle:

2-1
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APPROX. APPROX. APPROX.
DIAMETER THICKNESS LENGTH

OTY LINE DESIGNATION _{IN.) {IN.) (FT) FITTINGS

2 Evaporator Outlet 62 T L7150 16 2-45° Elbow
to Turbine 62 «750 95 2-90° Elbow

' 62 , «750 3 :

1 Condenser Hot Well 50 «750 39 1-90° Elkow

to Feed Pump 30 : »500 2 1-Reducer
50"-30“

1 Evaporator Drain 50 «750 27 - 1=90° Elbow
Well to Ammonia 30 «500 4 1-50"x30%
Recirc. Pump Reducer

2 Turbine Bypass 30 «500 26 2=90° Elbows

30 «500 3 2=-459 Elbows
(Two) 20 « 375 S 1-Tee
(Two) 20 «375 8 Z-zaee Valves
2=-30"x20"
- Reducers
1 Feed Pump toO 28 - «500 10 5 Tees:
Storage Tank 28 « 500 16 - 1-90° Elbow
{(Two) 28 «500 1.5 2-Angle Plug.
Valves
- (Two) 28 « 500 9 1-Check Valve
(Two) 28 «500 3
1 Recirc. Pump to 28 <500 10 5 Tees
Storaqe Tanks 28 «500 16 1-90° Elbow
(Two) 28 « 500 1.5 2-Angle Plug
Valves
(Two) 28 «500 9 1-Check Valve
(Two) 28 «500 3
1 Feed Pump Disch. 28 500 33 1-28"x20"
to NH3 Manifold . reducer
28 «500 7 2-45° Elbows
28 500 16 1-Tee
(Four) 14 .375 . 1.5 4-angle Pluq
Valves
(Four) 14 375 6
1 Feed Pump Disch. (Two). 10 «307 2 1=angle Flug
to Condenser Valve
: 10 «307 1 ~4-90° Elbows
10 - .« 307 S 1-45° Elbows
10 «307 29 .
10 . «307 16
2-2
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APPROX. APPROX. APPROX.
DIAMETER TEBICKNESS LENGTH

OTY  LINE DESIGNATION (INg) - _ . {IN,) (FT) __ FITTINGS

1 Recirc. Pump 10 «307 3 4-90° Elbows
: Disch. to : 10 «307 . 1 1-Orifice
Condenser 10 «307 19 1-459 Elbow
10 «307 10
10 <307 2
10 «307 8
1 Recirc. Pump. . (Four) 14 «375 1 ' 2-90° Elbow
Disch. to 14 «375 58 1-Tee
Evaporator (Two) 10 -—_ .307 6 2=14nxn1Qn
‘ A Reducers
‘ ' ' (Two) 10 '«307 8 © 2=Angle Plug
' Valves
2-45° Elbows
¥ Recirc. Pump 28 «500 9 1-28"x20
" Disch. ' reducer
Line to NH3 28 «500 7 2=-45° Elbow
Manifold 28 «500 16 4-Check Valves
(Four) 10 «307 1.5 4-Angle Plug
Valves
(Eight) 10 «307 2 1-Tee
1 From NH3 Manifold (Three) 24 «375 10 3-0Orifice Flanges
to Evaporator
1 From Storage Tanks 28 «500 39 1-Angle Plug
to Condenser Valve
: ’ 28 «500 50 4-90° Elbow .
28 . «500 9 1-Gate Valve
28 «500 4 1-Tee
28 <500 1 '
28 -500 7
28 «500 3
1 . From Storage Tanks 28 «500 2 1-Gate Valve
to Pressure Tank 1-90° Elbow
1 From Compressor to NOT SHOWN ON PIPING COMPOSITES
Pressure Tank Approx. 34°' x 3" diameter 1-Gate Valve
1=-90° Elbow
t Storage Tank(s) {Three) 28 .500 19 10-90° Elbhows
Liquid NH 3 "(Two) 28 500 8 4 -Tees
Manifold (Two) 28 " .500 3 4-Gate Valves
6 .

(Two) 28 .500

2-3
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The fabrication, materials, ce:tification:éhd testing requirements of
the OTEC power system ammonia piping will be in accordance with the
following applicable codes, legislations, regulations and standards:

a.
b.
C.
d.
<.
f.
g-

h.

American Society of Mechanical Engineers (ASME)
American Naéional Standards Institute (ANSI)
American Society for Testing and .Materials (ASTM)
American Petroleum Institute (API)

American Welding Society (AWS)

Pipe Fabrication Institute (PFI)

Code of Federal Regulations (CFR)

dccupational safety and Health Act (OSHA)

Design and Operating Conditiopns -

Design Pressure (psia)

Design Temperature (F)
Operating Pressure (psia)
\Qperating Temperature (F)

Materials

"Pipe;- ASTM A-53 or A-106

ASTM A-587 is also acceptable. This class of pipe is furnished with
a blue annealed finish which retards oxidation. A rust inhibitor and
capped ends are also available with A-587.

384
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OTEC TECHNICAL SPECIFICATION
Ammonia Storage Tanks, Pressure Tank and Ammonia Cdmpressor

Introductjon

This specification covers design requirements and related details
of the Ammonia Storage Tanks, Pressure Tank and the ammonia
compressor, The tanks are used for storage, makeup and
purification of the cycle fluid, ammonia. The ammonia compressor
is used to transfer ammonia vapor from storage or the power loop
to the Pressure Tank for Purification.

System _Description- .

The Ammonia Storage System will consist of. pressure vessels
containing sufficient capacity for storage of the total volume
requirements of ammonia for a 10 MWe module. The total liquid
requirement of ammonia, including makeup, is estimated at
500, 000 1bs. Based on the assumption that the filling density of
the storage tanks is approximately 56 percent, the = corresponding
‘total volume requirement is 15,000 cu ft. -

This total storage volume will be satisfied by using four (4)

horizontal 30,000 gallon vessels to suit requirements of the - -

plant layout. The Ammonia Storage Tanks will be provided with a
cooling capability in order to control vapor pressure within
design limits. The cooling will be accomplished by means of

internal cooling coils using component cooling water. Each -

vessel will have individual inlet, outlet, vent, drain and relief -
connections. 16 gpm of CCW will circulate through approximately . .-

140 ft of coil per tank and will maintain a fluid temperature of.

75 F. .

The Ammonia Pressure Tank will be ' used to separate - -
noncondensibles and nitrogen from the nitrogen-ammonia - gas. - -’

mixture during the on-line purging operations and to accumulate a -

charge of pressurized liquid ammonia for controlled injection
into the cycle. A single pressure vessel equipped with a
diaphragm separator will be used. The tank will also have a

connection with a ball float to allow venting of noncondensibles

and nitrogen from under the diaphragm separator.' Capacity of the

tank will be approximately 10,000 gallons., and -will condense - -

500 ft3 of gas per minute performing one full purge in 3.5 hours.

A cooling coil/condenser will bé required and. provided by the'~‘l

component cooling water system. The length of the coil will be

1,300 £t and will need 1,660 gpm to condense the volume of gas -

described above.
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Codes_and_Standaxds

The tanks will conform to the latest applicable requirements of
the -following: '

{(a}) American Society of MechanicaliEnginéers (AsﬁEs

ft) American National Standards Institute (ANSI)

{c) American Society for Testing and Materials (ASTM)
(d). American Welding Society (AWS)

(e) Occiupational Safety and Health Administration (OSHA)
(f) ‘Heat Exchange Institute (HEI) o

{g) Code of Federal Regulations (CFR)
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DESIGN_AND OPEPATING CONDITIONS

Ammonia Storage Tanks 10_MWe
Desiqgn pressure (psi) - ‘ 4 250
Ambient design temperature (F) . 4 1?0
Storage pressuré (psia) o o o ERRLS
Valve relief pressufe (psi) o L 225
Storaqge temperature (F) A 3 . 4 _75
Storaqge design temperature (F) . . o - 100
Orientation of tanks | , | '. : Horizontal
Number of Tanks S LS
Total Power System volume requireménts, ft3 < 100,000
gpm of cooling water per tank 16
Approx. heat to be rembved by CCW (btu) 78,000
: hr
Dimensions of Tanks (Each)
Overall length (ft) | 47
Diameter (ID) (ft) 10.9
Shell thickness (in.) «» 8125
Head thickness (in.) .46875
Shell & head specs ASTM sA-612, A-516 Gr 70,
A=-516 Gr F or
A-202 Gr B
Weight (dry) (lbs) 48,848
Capvacitv (gallons) ' 30,000
Fittings per tank 1 - manhole
. . 3 - Couplings for
‘\\ instrumentation
Material :. Carbon Steel 2 - inlet nozzles
1 - outlet nozzle
2 - relief valves
Approximate length of cooling coil (ft) 140
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Ammonia Pressure T Tank

10_Mwe
Design pressure (psi) . 300
Design temperature (F) ‘150
Flow rate of condensing gas (c¢fm) ' 500
Orientation of Tank | Borizontal
Nuﬁber of . Tanks R | 1
Volume requirements (ft’)/- : 1336
Capacity (gallons) 10,000
Approx. lengeh (fr) (overall) | 30
Approx. diameter (ft) (ID)‘ . .. | 7.8
Approx. shell thickness (in.) .75
Approx. length of coolihg coil (ft) 1,300
Fluid condensed (gpm) ‘ 61
Approx. heat removed by CCW (%%g) 9,933,750
Rate of cooling water needed (gpm) 1660
Material : Carbon Steel ASTM SA-612
Approxlmate time for one full purge- 3.5 hrs
using a 300 hp compressor
Approximate time for one full purge _ _ 42 hrs

using a 24 hp compressoy

3-4
288



10-A

OTEC TECHNICAL SPECIFICATION

Nitrogen Supply and Storage System

This specification addresses the design requirements and other
related details of the Nitrogen Supply and Storage System.
During evacuation, prior to initial system startup, all
components exposed to anhydrous ammonia will be filled with
nitrogen gas to displace any air present, thus avoiding direct
contact between air and the ammonia. Prior to performing
maintenance on the ammonia side of the system, nitrogen gas will
be utilized to displace residual ammonia gas present in the
system.

System Description

Dry nitrogen gas is used during the initial evacuation of air,
moisture and other noncondensible gases from the OTEC power
system and also after completion of repairs or maintenance prior
to the introduction of the ammonia. The system 1is purged with
nitrogen in order to displace any remaining traces of air within
the system. This minimizes the possibility an ammonia-air
mixture which may pose a potential hazard, causes 1loss of
efficiency and prevents oxidation of the piping and components.
Nitrogen gas 1is also used prior to performing maintenance or
inspections on the system. Prior +to scheduled or unscheduled
maintenance or an inspection, the ammonia contained within the
system is pumped back to storage and nitrogen gas is then used to
purge the system. Once this is accomplished, multiple purges may
be required until the system is safe for disassembly and/or
maintenance.

The nitrogen supply and storage system is capable of supplying
nitrogen at S psig for purging and at 225 psigq for the ammonia
pressure tank. The cryogenic nitrogen system includes a liquid
nitrogen storage vessel, nitrogen vaporizer, piping, associated
valves, instrumentation and miscellaneous accessories. In
addition, a two stage high vacuum pump is furnished for
evacuation of the system.

During system evacuation and purging procedures, nitrogen is
supplied from the storage tank through the vaporizer to all major
components o©f the OTEC Power Systém. At this time the nitrogen
gas supply system will be manually 1lined up and started. An
adequate supply of 1liguid nitrogen will be maintained on board
the platform vessel t6 ensure four system purges.

The nitrogen storage tank is constructed of stainless steel or

9 percent nickel steel. The N, vaporizer is a conventional shell
and tube type heat exchanger.

4-1
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During normal operation of the OTEC power cycle, the dry nitrogen

gas lines supplying the system components are secured and valved
closed.

Safety valves are furnished on the liguid nitrogen storage tank
as well as downstream of the nitrogen vaporizer, The safety

valves will be set approximately 10 percent above operating
pressure,

During system evacuation the nitrogen gas contained within the
system will be vented directly to atmosphere. This will be
accomplished by the system vacuum pump. During purging, the
nitrogen-ammonia gas mixture is passed through a compressor and
pressure tank where the ammonia is condensed and the nitrogen is
vented to atmusphere.

Provisions are made for furnishing makeup liquid nitrogen when
needed.
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~ standard_apd_Codes, o
A1l nitrogen storage and supply equipment including ail

~accessories, will conform to all national standards, regulations
v safety codes ..and with the applicable requirements and test
~procedures of the following orgamizations: ‘ ’

" and

de

b.

c.

a.

american

American

"..American

American

American

American

Society of Mechanical Engineers (ASME)
National Standards Institute (ANST)
Standardsléssoéiagion (Aéﬁ)

Society for Testing‘aﬁd ﬁateriais (ASTM)
Institute of Steel Construction (AISC)

Welding Society (AWS)

Steel Structures Painting Council (SSPC)

National

Board of Fire Underwriters (NBFU)

Underwriters! Laboratories (UL)

Code of Féderal Regulations (CFP®)

Occupational Safety and Bealth Act “(OSHA)

4-3
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Design and Operating_Conditions

(  Nitrogen Storage_Tank. 10 _Mwe

Design Pfessuré”(psiqf 250
Approximatezstéfage téﬁperéture -320 ’
Capacity (gallons) 6000

Storage pressureﬁ 225
Approximaté'lenqth (fﬁ) 40
ApproximaLe diameﬁeq%(ft) <o 8 .

Tank type | | _ i Double walled tank

with Perlite
insulation in
evacuated annular

‘- . space
Quantity 1
Approximate weight (dry) 31,006 1bs
Materials
Inner shell , Aluminﬁm
outer shell stainless, carbon;

or niokel eteel

Nitrogen Vaporizer

CCW Temperature Difference (inlet-outlet), F 20
Wwater flow rate negded {(gpm) .3b0
éiqh gas supply pressure (psig) 225
low gas supply pressure (psig) o s
Gas supply temperaturc ;mbient
Type ' Shell & Tube
Number of vaporizers 1
Available number of purges 4
4-4
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Approximate Gas Impurities

Maximum purity

Maximum impurities

OTEC .System_Vacuum_Pump -
(for system evacuation)

Type/Model

piston displacement (cfm)
Actual capacity (acfm)
-Suction Pressure (in. Hg abs)
Discharge Pressure (psigq)
AFull load speed (rpm)
Vblumet;i; efficiency (%)

- Required shaft horsepower (bhp)

Peak brake horsepower (on starting only)

@ approximately 14.0 in. ﬁ§ abs (bhp)

" Motor rated horsepower (hp)
Service Factor

Pump and Motor Weight (1lbs)
Suction connection (in,)
Discharge connection (in;)
Cooling water requirements (gpm)

Service voltage

4-5

99.99 percent

- 100 ppm oxygen

1 ppm CO & CO2

" Worthington/19/19x7

type Y CU-2 Dry
Vvacuum Pump

1148
895
1.0
14.7
500
78.0

21.9
51.0

1.15
11,200
10,125 1b ASA
6125 1b ASA
20 - 30
480V, 3@, 60Hz.
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OTEC TECHNICAL SPECIFICATION

Startup and Standby Power System

Introductjon

In order to avoid the complications involved with using
shore-based power for startup and for standby, a startup and
standby power system is provided on board. The system consists
of a Diesel-Generator set furnishing in aggregate sufficient
power at 6900V, 30, 60Hz. to startup the OTEC power module. A
secondary function of this system ig that it can furnish power
instantaneously (i.e. within 10 seconds) to enable pumping of the
ammonia from the power system 1loop into the ammonia storage
system. A single D-G set supplies sufficient power for this
operation.

component _Description

The startup and standby power system for <the test article
consists of one D-G set of the quick starting type, complete with
" skid-mounted piped auxiliaries and is capable of providing
continuous electric power of not less than ¢that shown in the
attached table for the 10 MWe module size considered. The
diesel-generator set will consist of a turbocharged, four-stroke
engine designed for automatic start on receipt of a remote signal
and can be fully 1loaded within 10 seconds. The engine is
furnished with exhaust turbocharger, air intercoolers,
engine-driven lube pump and engine driven Jjacket water and
intercooler water pump, Starting is by a compressed air system
giving 100 percent redundancy of starting components. The engine
has a motor-driven barring gear with safety interlocks to prevent
starting when the barring gear is engaged. Speed control is by
an electric governor and there is an independent automatic
overspeed trip device which also actuates a microswitch for the
control panel annunciator. Engine shutdown controls include an
emerqgency shutdown pneumatic cylinder for operation by remote
signal. The engine-driven accessories also include the pump for
the separate rocker lube system and the fuel supply pump. The
fuel system has an engine-mounted duplex fuel filter. Sensors
are furnished with the engine and include exhaust gas
thermocouples and speed pickups for engine and turbochargers.

The generator is of the low reactance type and is designed for
rapid starting of large motors with minimum voltage dip and rapid
voltage recovery characteristics. The generator is a
self-ventilated, air cooled machine. The stator assembly
consists of the frame, stator core, and thé stator coils. The
stator frame is fabricated from structural steel plate. It
provides support for the stator core, coil guards, and space
heaters. Two fabricated feet are built into the 1lower half of
the frame for securing the generator to the skid or foundation

5-1
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sole plate. Lifting lugs are provided for handling +the stator
frame.

Ventilating ducts are provided throughout <the 1length of the
stator core for the passage of wventilating air. Clearance is
also provided between the stator frame and the stator core to
permit a free flow of air around the outside of the stator core.
The stator coils shall be carefully insulated with Class "“F"
insulating material and thoroughly treated with a Class "“F"
insulating varnish, before being placed in the stator core.
After the coils have been assembled and connected in the stator,
the complete assembly shall be given additional treatments of
baked varnish to produce a sealed insulation system.

The generator rotor consists of shaft, cast modular iron spider,
laminated poles, field coils, circulating fans, and a collector
assembly, The spider is secured to the shaft by means of mating
flanges on shaft and spider. The poles and field coils are
secured to the spider by means of "dove-tailed" projections on
the poles with corresponding slots, machined in the .spider rim.
The field coils are wound directly on the poles using Class "F¢
insulating materials and wire. The = completed  coils are
impregnated with a Class "F" epoxy compound to form a firm,
trouble-free coil. Individual fan blades are bolted to each
spider pole at both ends of the rotor assembly.

The collector assembly consists of two cépper alloy collector
rings which are carefully insulated from each other and the
supporting steel ring by mica insulation.

The rotor may be supported at the engine end, through the engine
coupling, by the engine bearing. The rotor is supported at the
free end of the generator hy means of a Bahbitt~lined sleave
bearing in a pedestal assembly. The bearing may be water cooled
as required by 1loading. on some applications, a two-bearing
alternator may be used.

Space heaters are provided in the bottom of the frame to gquard
against condensation within the machine when idle.

Excitation of the alternator field is provided through a static
excitation and voltage requlation system.

Theé generator neutral is connected to ground through the primary
winding of a dry-type distribution transformer with a grounding
resistor connected across the transformer secondary winding
designed to . limit the generator ground-fault current to
approximately 2 amperes,
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. Codes_and_ Standards

The equipment described in this épecification will conform to the

- latest applicable requirements of the following:

’a‘.
b.
" Ce
d.
.
£.
(=
h.
1.
3.
k.
1.
Me
Ne
Oe
P.

qd.

American Welding Society (AWS) ' C

American National Standards Institute (ANST)

American Society for Testing and Materials (AéTM)_
Institute of Electrical and Eiectronics Engineers (IEEE)
National Electrical Manufacturers Association (NEMA).
National Electrical Code (NEQ)

Occupational Safety and Health Administration (OSHA)
Code of Federal Regulations (CFR)

Diesel Engine Manufacturers Association (DEMA)
Insulated Power Cable Engineers Association (IPCEA)
Tubular Exchanger Manufacturers Association (TEMA)
Bvdrauiic Institute (HI)

Anti-Friction Bearing Manufacturers Association (AFBMA)
Underwriters' Laboratories, Inc. (UL)

American Petroleum Institute (API)

National Fire Protection Association (NFPA)

- Instrument Society of America (ISA)

5-3
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GENER DATA

Rating-kW (7-day set rating)
Kilovolt—-ampere @ .8 b.f.

Generated voltage

Maximum No. Sec. to Rated Voltage and Speed
Minimum Starting Air Pressure, psi

Maximum Air Pressure, psig

Jacket Cooling Water, Lube 0il Cooler and
Intercooler Flow Rate Required

Fuel 0il Day Tank Capacity (géllons)

Skid Assembly with Auxiliaries, Maximum Length
Skid Assembly with Auxiliaries, Maximum Width
Skid Assembly with Auxiliaries; Maximum Height*
Starting Air Package

Fuel 0il Day Tank Dimensions

wt. D-G Skid Assembly

Wt. of Air skid

Wt. of Muffler

Starting Air Requirements

wt. of Air Silencer

Number of hours that D-G Set can
operate using Day Tank

Fuel 0il storage Tank Dimensions

10_MWe

4500-5089

5625-636
6900V, 38,
10
200
250

850 gpm
1300

36 £t
13 £t
14 ft

48m"x213"x8

1

60RHz

2"

4*dia.x13.7

225,000 1lbs

8900 1bs

10,550 1bs

150 cfm

2250 1bs

4 hours

Cylindrical Tank

Fuel 0il storage Tank Capacity (gallons)

Number of days that D-G Set can operate

54,000

Depends on tank location:
Double Bottom, Deep or

*16'2" Required for Piston Rod Removal with Air Manifold in Place.

5-4
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GENERAL _DATA

. utilizing fuel oil from the Storage Tank
Transfer Pump Capacity (gpm)

Time required to fill Day Tank from Storage
" Tank (minutes)

Number of cylinders of diesel’

5-5

Py
o
15

7 days

35f40

12
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OTEC TECHNICAL SPECIFICATICN

‘Circulating Seawater and

component Cooling Watexr System

INTRODUCTION

There is a need for cooling water to be supplied to components of
various auxiliary systems such as ammonia storage and pressure
tank, nitrogen vaporizer, air compressors, .intercoolers and
aftercoolers, lube 0il and seal oil coolers and to the electric
hydraulic heat exchangers and HVAC equipment.

SYSTEM DESCRIPTION

The system consists of two cooling loops. In one of the loops,

demineralized water flows through a c¢old water heat exchanger

where the water is chilled to approximately 45 F and is used in
the HVAC cooling coils, lube o0il and seal o0il cooler. The second
loop warms the demineralized water by passing it through the warm
water heat exchanger furnished with -80 F seawater. The
temperature of the water exiting the 'heat exchanger will be
approximately 75 F and will be used' mainly in the nitrogen
vaporizer. Since there will be a need to vary the water
temperature of the ammonia pressure and storage tanks, the warm
CCW and the cold CCW will be mixed. Cold seawater, supplied at
40 F, is used for extracting the heat in the cold seawater heat
exchanger. 4 '

The component c¢ooling water system will be provided with two
pumps, one per loop. These pumps are utilized to circulate the
water within the system. 1In addition, a head tank is furnished
to help maintain a positive suction head on the pumnps. As
previously mentioned, the seawater is either the sink or source
for the cooling or warming the CCW. Two (2) seawater pumps are
provided. The cold seawater pump capacity is
approximately 10,700 gpm, of which 8700 gpm is used in the cold
water heat exchanger. The remaining 2000 gpm will be utilized
for the chlorination system, D-G~intercooler, jacket water, 1lube
0oil heat exchangers and one of the two screen wash booster pumps
provided., After passing through the heat exchangers and other
auxiliary components, the seawater is discharged to the ocean.
The warm seawater pump will circulate approximately 4,000 gpm of
water to the warm heat exchanger and to the second screen wash
booster pumpe.

6-1
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CODES AND STANDARS -

The equipment specified herein shall conform to the intent of the
following codes and standards.

a) Americah4We1ding Society (AWS)

b) American National Standards Institute (ANSI)

g) American Society for Testing and Materials (ASTM)

d) American Society of Mechanical Engineers kASME)

e) Tubular Exchanger Manufacturers Association (TEMA)
£} Hydraulic Institute (HI) | |

ag) Code of Federal Regulations (CFR)

h) National Electrical Manufacturers Association (NFMA)
i) National Electrical Code {NEC)

) Ihstitute of Electriéal and Electronics Engineérs {IEEE)
k) Underwriters' Laboratories, Inc. (UL)

1) Instrument Soéiety of america (ISA)

m) Occupational Safety and Health Act (OSHA)

6~2
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DESIGN _AND OPERATING CONDITIONS

CCW_SYSTEM

Number of pumps reqﬁired

Water temperature {(approx. F) trough pumps
Warm water pump capacity (gpm)

Cold water pump capacity (gpm)

Type of pumps

warm CCW heat exchanger inlet temperature {(F)
Warm CCW heat exchanger outlet temperature (F)
Cold CCW heat exchanger inlet Qemperature (F)
Cold CCW heat exchanger outlet temperature (F)
CIRCULATING SEAWATER

Number of pumps required

Warm seawater pump capacity (gpm)

Cold seawater pump capacity (gpm)

Warm seawater temperature (F)

Cold seawater temperature (F)

GPM through warm CCW heat exchanger

GPM through cold CCW heat exchanger

Seawater outlet temperature through warm CCW H/X

Seawater outlet temperature through cold CCW E/X

Heat removed by cold seawater through B/X btu
~ hr

Heat lost by warm seawater through CCW H/X btu
hr

6-3

!200
1100
Centrifugal
68.1
75
- 68.7
45

5000
9700
80
40
3000
8700
77 F
43 F
12,581,700

4,350,000
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OTEC TECHNICAL SPECIFICATION

COMPRESSED AIR SYSTEM

INTRODUCTION

A compressed air system is provided to furnish starting air for
the diesel-generator package; seal air for the warm and cold
seawater pumps to avoid a differential pressure across the seals;
and to provide service and instrument air at various locations
on the OTEC platform vessel.

DESCRIPTION -

During normal operation, service, diesel generating start-up and
pod pressurization air is supplied by a train of equipment
consisting of air compressors, after-coolers, air receivers and
air dryers. This air 1is filtered and dried before it is
delivered to the distribution network.

The compressed air system contains ¢two compressors. One
furnishes service, compressed air to the pods and the various
locations on the platform vessel. The second compressor
furnishes dried air to the diesel starting air system. These
compressors - are of <the double~-stage water-cooled centrifugal
tyre. Each compressor is provided with an air intake silencer in
the intake 1line, and their cylinder jackets are cooled by water
from the component cooling water system.

The aftercoolers are of identical design and are provided with a
moisture separator and a moisture trap for automatic removal of
the separated water. In addition, the air receivers are also
provided with a moisture trap.

T™wo air driers covering the supply air to the diesel generat r
start-up system are provided. These driers are of the heatle :3
tyre, and one unit is capable of drying the full compressed air
flow requirements of one compressor to -40 F dew point at « line
pressure of 250 psi. The second air drier will be }ept ~n
standby. In addition, the compressors are Iinterchangeable .n
order to provide a degree of redundancy. Pressure reduce-s are
installed where auxilliary equipment requires less than 2f) psia
air. Overall this system will provide compressed air to the warm
and cold seawater pumps, potable water tank, service air
controls, sanitary system (if required) and the diesel generator
starting system. During start-up the compressor drive motor
shall be supplied from a 480 VvV, 394, 60 Hz source, via the
platform power distribution center, originating at a small
emergency diesel engine generator. (Both by the hull
contractor.)

T=1

305



10-A

During normal operation the drive'motor'will be fed from OTEC
System 480 V MCC, 1C1M-1. Motor terminal box shall be large
enough to accept two incoming feeds. : :

7-2
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CODES AND _ STANDARDS

nghe Compressed Alr System meets the requlrements of the followxng

Codes and Standards.

a. Code of Federal Regulations (CFR)

b. American Society of Mechanical Engineers (ASME)

C. American National Standards Institute (ANSI)

d. American Society for Testing and Materials (ASTM’

e. Hydraulic Institute (BI)

f. 1Institute of Electrical and Electronics Engineefs (IFEE)
g. National Electrical Manufacturers Association (NEMA)
h. American Water Works Association (AWWA) "\

i. Occupational Safety and Health Act (OSHA) -

j. Bmerican Welding Society (AWS) ——

k. Heat Exchange Institute ~\i;€;7

TECENICAL SPECIFICATIONS -~

Air Compressors

Quantity 2 (two)

Tvype two stage base mounted
water cooled motor

Features air intake filter,
silencer and loadless
starting

Start compressor pressure {(psi) 210

Stop compressor pressure (psi) 240

Nominal working pressure (psi) 250

Relief valve set pressure (psi) 255

Minimum compressor output to
recharge from 180 to 250 psi in

one hour 7 SCFM
Service voltage 480 v, 39, 60 Hz
Prefilter ‘
No. of Units Required 2, aerolescer type
L
7-3
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Operating Mode

Design Pressure, psia =
Hydrostatic Test Pressure, *
psia

Design Temperature, F

Air Receivers

Type

Design working pressure
Relief valve set pressure
Air reguired per start (acf)

Minimum air tank pressure (psi)

Full air tank pressure (psi)
Number of receivers reguired
Approximate diameter (in.)
Approximate length (in.)

Air Dryers

Features

‘Design temperature (F)

Design working pressure
Temperatureée (maximim F)
Filter element
Connections

Desiccant used

TERIALS

shells and heads
Nozzle necks
Flanges

Studs

Nuts

Pipe

Gaskets

7-4

100 percent capacity

250

325
650

cylindrical steel with
dished heads and base
support ring for verti-
cal mounting.

250 psi
250 psi
110

180

250

2 .
48
96

filter/moisture separator
metal bowl and sight
glass and manual drain

450

250 PpsI

178

50 microns

172 in. NPT
alumina and molecu-
lar sleeves

ASTM-A-285C

ASTM-A-53d

ASTM-A~182 Type 304 or
306 o

ASTM-A-307

ASTM~-A-~-3074
ASTM-SA-312 Type 304 or
316

asbestos



OTEC TECHNICAL SPECIFICATION
6900 VOLT METALCLAD SWITCHGEAR

Introduction

This specification details the standard features and require-

ments of metalclad switchgear for 6900v, 3¢, 60Hz, low resist-

ance grounded auxiliary power service at the OTEC pilot plant.
The switchgear, consisting of drawout type air

circuit breakers, will be energized directly from the .

turbine generator (normal source) as—well as the diesel engine

generator (standby source)during start-up or shutdown conditions.

Codes and Standards

Except as otherwise stated herein, all equipment furnished

in accordance with this specification shall comply with the
latest applicable codes and standards of American National

Standards Institute (ANSI), Institute of Electrical ané .

Electronic¢cs: Engineers (IEEE), National Electrical Man-
ufacturers Assoc1atlon (NEMA), American Society for Testing

§ Materials (ASTM), National Electric Code (NEC), Occupational
Safety and Health Administration (OSHA) and the U.S. Coast
Guard Electrical Engineering Regulations (U.S.C.G.). As a
minimum, the following individual standards shall apply:

‘a. ANSI-C37.06 - Schedules of Preferred Ratings and

Related Required Capabilities for AC High-Voltage
Circuit Breakers Rated on a Symmetrical Current
Basis

‘b. ANSI-C37.09 - Test Procedure for AC High-Voltage

Circu;t Breakers

c. ANSI-C37.010 - Application Guide for AC High-Voltage
Circuit Breakers Rated on a Symmetrical Current
Basis

d. ANSI-C37.20 - Switchgear Assemblles Includlng

Metal-Enclosed Bus

e. ANSI-C57.13 - Requirements for Instrument Transformers

8-1 S 309
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Design and Operating Conditions

Metalclad Switchgear Sections One

Bus Insulation

a. Normal Voltage (KV) " : 6.9

b. BIL (KV) L 95.0

Main Bus Current Ratings B Incaming | Feeder

a. Continyeus(d) . *'; , " 2000 1200

b. Momentary (KA)A | .'66 | 66

Breaker Current Ratings Feeder ain

a. Continuous (A) 1200 2000

k;.' : Shdrt Circuit (KA). - R 33 33

e Max. é}ﬁm. I.'C.'(KA)’;' ‘f ‘ ' ’ 4lﬂ | 41

4. Close & Latch Capability (Ka) = 66 66
82
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4.0 Service Conditions

The Metal Clad Switchgear shall be capable of maintaining
normal operations during the conditions of a "sea state 6";

and survive, in a secured status, the conditions of a "sea
state 9" ‘ :

The Switchgear will be installed indoors with a design
‘ambient air temperature of 40C maximum. .

5.0 Component Description

5.1 Enclosure

5.1.1 ~he bus and. breaker compartments shall be completely
enclosed and shalt be separated from each other by
tightly fitting barriers. The breaker compartments
shall have hinged doors with provision for mounting of
controls, relays and instruments. Removal covers shall
be provided at the rear for access. C

5.1.2 Main bus and bus taps shall be fully insulated copper or
- .aluminum bar. Bus-bar joints shall - have
silver-to-silver contact -surfaces securely bolted to
provide low-resistance contact. Aluminum joints shall

be welded wherever possible. Each switchgear section

shall be provided with a copper ground bus continuous,
through and connected to all units. Ground bus shall be
furnished with clamp-type terminals at each end for
connection of 500~kcmil copper ground cable.‘ :

5.1.3 The mechanical strength of all equipment, such as

~ current transformers, bus structures, and similar

equipment, shall be coordinated- with the air circuit
breakers. :

5.1.4 Maximum bus conductor hot-spot temperature shall be 105C

8-3
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Circuit Breakers

Circuit Dbreakers shall be capable of being racked from
the fully-disconnected position througn the test
position to the fully-connected .position with. the .
breaker compartment door closed. Guides and racking
mechanisms shall be adequate to perform this function
without the application of undue force ana with complete
safety. When a breakexr is withdrawn from the connected
position, it shall be isolated from the main bus by a
pos;tive-actzon insulated shutter.

Breaker auxiliary contacts on the drawout element and
mechanism~operated auxiliary switch shall be furnished
and wired to terminal blocks. A mipnpimum of four
normally open and four normally closed spare auxiliary
contacts shall be available in addition to the auxiliary
contacts required for breaker operation. Normally
closed auxiliary contacts shall break before the
normally open auxiliary contacts make. The circuit
breaker mechanism devices shall be wired to terminal
blocks for remote control, indication and alarm.

Remotely controlled circuit breakers shall be provided
with a permissive control switch with red and green

. indicating lights on the breaker front panel for closing

and tripping the breaker in the test position only. The
remote closing or txipping shall be inoperative when the
breaker is in the test position. Remote closing of the
breaker shall be possible only after the permissive
control switch has been opecrated €0 the close position.
This operation shall be indicated by the lighting of the

- green lamp at the remote control point. Automatic

tripping of the breaker shall cause the remote white
indicating light to come on, indicating disagreement
between the remote control-switch positiun and breaker
position.

8l
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Control switches and indicating lights shall be mounted
on the front door of each breaker compartment.

Circuit breakers of the - same rating shall be
interchangeable with identical wiring and auxiliary
contact arrangement for each breaker even if all the
auxiliary contacts may not be used for a breaker in the

-partzcular unzt to whzch xt is assigned.

The breakers shall be electr;cally operated. Breaker
operating mechanisms shall be stored-energy type. Each '
breaker compartment shall have a fused disconnect switch
-for isolating the breaker dc control circuits. Closing
and <tripping circuits shall be individually fused in
both legs. Fuses shall be 1located in the control
compartment and sball be readily accessible.

Palntxng ‘
To ensure compatibility with the environment with the intent

of limiting or eliminating contamination or corrosion the

. switchgear steel shall be thoroughly cleaned after fabri-
~cation. All surfaces shall be phosphate treated and given

a prlme coat of rust-inhibiting paint. A finish coat of f
lacquer or enamel, light gray ANSI 61 shall be applied
overall. Paints such as alkyd enamels having a fungus
resistant property shall be used on all inside surfaces
and shall be sprayed with a fungicidal varnish.

.d\

All insulations that are not fungus resistant shall have a

. fungus resisting coating applied. Where such coatings would

interfere with proper operation of the apparatus, the coat-
ing shall not be applied. 1In such cases, the part shall be
inherently fungus resistant.

Tests

\

The completed swztchgear and individual air circuit
breakers shall be tested in accordance with American
National Standaxds Iastitute (ANSI) and National
Electrical Manufacturers Association (NEMA) standards.

\\
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OTEC TECHNICAL SPECIFICATION
480 VOLT SECONDARY UNIT SUBSTATION

1.0 Introduction

This specification details the standard features and general reg-

uirements of the Secondary Unit Substations and their associated

- Lighting Load Center Power Transformers. Each substation <cOnsists

of a dry type transformer close coupled to low voltage switchgear.
The switchgear is the dividing point for loads directly associated
with OTEC power generation operations and miscellaneous auxiliary
loads not directly associated with power generation operations.

Codes and'Standards

Except as otherwise stated herein, 21l equipment furnished

in accordance with this specification shall comply with the
latest applicable codes and standards of American National
Standards Institute (ANSI), Institute of Electrical and
Electronics Engineers (IEEE), National Electrical Man=-
ufacturers Association (NEMA), American Society for Testing

& Materials (ASTM), National Electric Code (NEC), Occupational
Safety and Bealth Administration (OSHA) and the U.S. Coast
Guard Electrical Engineering Regulations (U.S.C.G.). As a
minimum, the following individual standards shall apply:

a. ANSI €37.20 - switchgear Assemblies, including
Metal~-Enclosed Bus

b. ANSI C57.12.00 - General Reguirements for
Distribution, Power and Regulating Transformers

c. ANSY C57.12.90 - Test Code for Distribution, Power,
and Regqulating Transformers

d. ANSI ©57.12.90a - Distribution and Power
Transformer Short-Circuit Test Code.

9-1
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3.0 Design and Operating Conditions

- : ¥nit Substation LTG. LOAD CTR.

Trénsformer
Rating: ‘
Dry Type (150c) -
Self Cooled (KVA) | . 1000 . _ 75
force cooled (KVA) ©1333 -
Windings
Priwary
Rated Vnlts, Vv 6900 480
Insulation Class, KV 5.0 ° 1.2
Insulation BIL, KV ; 75 . 1o
Connection ) Delta Delta
. Secondary
Rated Volts, V | . 480 .. 120/208
Insulation Class, KV- AER R 1.2 1.2
Insulation BIL, KV , Y i0 | . 1o
Connection ' . - Delta - Delta
Transformer Phsical Conns.'ff’ L |;., i
Primary ' Cable Cable
Secondary . Bus(close-coupled) . Cable
,-SWitéhgear '
Bus Nominal Rating (A) B ' 1600 - -
Bus Fault Current (Ka) -’ ' ‘35 : -
Withstand (KA RMS SYM) o © 35 S -
Nominal voltage 600 ' : -
Circuit Breakers .
Frame Size (A) : 1600 600
Interrupting Rating (KA) 35 35

~Control Voltage, (dc) . . . | 125V = 125V

. 9=2
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Service Conditions

The substations and Lighting Load Center transformers shall be capable
of maintaining normal operations during the conditions of a "sea state”
6; and survive, in a secured status, the conditions of a "sea state 9".

The eouipment will be installed indoors with a de sign ambient
air temperature of 40c maximum and a 24 hour average 30c

Component Description

Construction & Arrangement

Each 480 volt secondary unit.substation shall

consist of factory-assembled metal-enclosed egquipment
consisting of a high-voltage incoming-line section, a
transformer section, and a low-voltage switchgear
section. The sections shall be bolted and connected
together side by side to form a rigid, free-standing,
totally-enclosed assembly and to provide a neat in-line
apoearance. Each section shall be fabricated of steel
sheet, reinforced to form a rigid, free-standing
structure.

The incoming section shall be an air-filled cubicle of
adequate size to accommodate and terminate the
6900 volt, incoming power supply conductors. As shielded
cable is employed <£for the incoming power
supply, the air-filled terminal box shall be adequately
sized to make up the required stress cones.

The secondary-unit-substation transformer shall be
close-coupled to the respective switchgear. Low-voltage
bushings shall be directly connected to the transformer
secondary breaker in the switchgear section.

The switchgear section shall consist of an assembly of
free-standing enclosed steel structures. Each structure
shall centain individual drawout-type air circuit
Ereaker§ or instrument compartments in the front and a
;ull-he}gbt rear compartment for buses, incoming bus
connections, and feeder-cable connections. The
individual circuit breaker compartments shall be
completely enclosed with sheet steel barriers to

gggregate the breakers from adjacent compartments and
es,

317
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Transformers
Secondary-unit-substation transformers shall be -
ventilated dry type 3 phase, 60 hertz ) . and

shall have electrical ratings as listed in the design
section of this specification.

Ventilated dry type transformers shall be provided with
Class B insulation, 150 C temperature rise above a 30 C
averaqe daily ambient (40 C maximum ambient). The
transformer chall have a Sself-cooled capacity ac
specified in the design scotion of this specification
and a gvpacxty of 133 percent of the self-cooled rating
when provided with ¢ooling fans.

Transformer cooling fans shall be suitable for ooeratzon
on a 48Q_- v, _3___-phase, _g0 -Hz, power source.

Ccontrol of transformer cooling fans shall be automat;c,

responsive to the transformer winding temperature. All
controls, including temperature detector with contacts,’
control relays, circuit protective devices, and wiring,
shall be provided. The transformer and
secondary bus connections shall be mounted = on a
fabricated steel framework and enclosed with steel
panels and a cover., Side panels shall be removable to
permit access to transformer core and coils.
Ventilation shall be provided by means of 1louvered
openings near the top and bottom to provide adeguate

free ventilation. Louvers shall be screened and
provided with removable filters.

Ventilated dry type transformers shall be provided with
four 2-1/2-percent full-capacity taps. Tap ratings
shall be .2 above and 2 below normal voltage.

4 Taps shall be accessible for changing
through a removable panel on the transformer enclosure.
Tap locations shall be accessible to personnel standing

on the floor. :

Construction of and accessories for separate low-voltage

transformers shall meet all the reguirements herein
specified for secondary unit substation transformers,

with the exception that secondary bushings shall contain

lugs suitable for purchaser's cables as shown on the

specification drawings. A suitable air-filled terminal

chamber shall be provided for the secondary bushings of

low-voltage transformers.

Two ground pads with bolted-type connectors for
purchaser's 500 kemil stranded copper ground cable shall
be provided 1located diagonally opposite each other on
the transformer tank bi;i.

)
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Switchgear Bus & Breaker Compartments

Continuous current rating of main buses shall be coordinated

with the transformer and breaker ratings.

The switchgear main bus shall be threé-phase, four-wire for

operation on 480-v, and shall be supported and braced to
with stand a fault current of not less than 350002 rms

symmetrical. The power feeder and control conductors for
each circuit breaker will enter the enclosure from top or

bottom. The feeder cable size will be as indicated on the

one-line drawings.

A copper ground bus shall extend the entire length near

the bottom of the switchgear. A two-bolt ground lug sized

for 500 - kcmil copper ground cable shall be provided at
each end of the ground bus. '

Circuit breaker compartments shall be equipped with
primary and secondary contacts, drawout rails, and a
mechanical interlock to prevent insertion or withdrawal
of the breaker when the LFreaker 4is in the closed
position.

Each breaker compartment shall have a hinged steel door
arranged so that the door will open a minimum of
90 degrees, with a mechanical interlock to prevent the
door from being opened when the breaker is in the closed
position. Each breaker compartment shall be provided
with a breaker drawout mechanism which will permit a
tripped breaker to be moved from the connected position
to the test and disconnect positions with the door
closed.

Rear compartments shall be . enclosed with removable
covers, and the end sheets of each switchgear section

. shall be removable to allow for future extensions.

Bach vertical section of the switchgear shall be
equipped with blank steel removable plates, ¢top and
bottom, to permit drilling of the plates ‘jn the
future - for conduit entrance.
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Buses shall be copper or aluminum suitably supported and
braced to withstand the fault current specified in the
design section of this specification. Buses shall be
silver-plated at bolted connection points. Aluminum
joints shall be welded wherever possible. Bus
connections to the line-side terminals of the ‘incoming
supply -breaker shall be segregated from the main
switchgear bus by means of isolating barriers completely
enclosing the buses. BRuses shall he held rigidly within
the structure by bus supports fabricated from materials
which will maintain their physical and dielectric
properties under the service conditions.

Air Circuit Breakers

Air circuit breakers shall be three-pole drawout type,
either manually or electrically operated as indicated on
the one-line drawings. Breakers shall have a
stored-enerqgy-type operating mechanism and shall be
provided with three. solid-state or electromechanical
trip devices, . ' T )

The trip devices shall have the following
characteristics:
a. - S5o0lid-ctate

1) Long time delay: The long-time-delay trip
element shall be adjustable from 50 percent to
125 percent of <the +trip coil current rating
(sensor rating).

2) Short time delay: The short-time-delay trip
element shall be adjustable from Uu00 percent
to 10C0 percent of the senaor rating.

3) Instantaneous: The instantaneous trip element

shall be adjustable from 500 percent to
1200 percent of the sensor current rating.

9<6
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Painting

To ensure compatibility with the environment with the intent
of limiting or eliminating contamiration or corrosion the
equipment steel shall be thoroughly cleaned after fabri-
cation. &all surfaces shall be phosphate treated and given

a prime coat of rust-inhibiting paint. A finish coat of
lacquer or. enamel, light gray ANSI 61 shall be applied
overall. Paints such as alkyd enamels having a fungus
resistant property shall be used on all inside surfaces

and shall be sprayed with a fungicidal varnish.

All insulations that are not fungus resistant shall have a
fungus resisting coating applied. Where such coatings would
interfere with proper operation of the apparatus, the coat-
ing shall not be applied. 1In such cases, the part shall be
inberently fungus resistant.

Tests

Each completed secondary unit substation and indi Y
individual
t:ansformer shall be tested in accordance with IEEE,
NEMA and ANSI .standards. Tests shall consist of the
i;zzgard p;oductlon, design, conformance, angd functional

9-7
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OTEC TECHNICAL SPECIFICATION
480 VOLT MOTOR CONTROL CENTERS

Introduction

This specification details the standard features and re-
quirements of the Motor Control Centers and their function
within the OTEC electrical system. Each motor control center
shall consist of the required number of combination starters

and feeder breakers, each of which will act as the controller and
protective device, for the OTEC auxiliary operating loads.

Codes and Standards

Except as otherwise stated herein, all equipment
furnished in accordance with this specification shall .
comply with the latest applicable codes and standards of
American National Standards Institute (ANSI), Institute
of Electrical and Electronics Engineers (IEEE),
National Electrical Manufacturers Association (NEMA).

National Electric CODE (NEC)
Occupational Safety and Health Administration (OSHA) and
U. S. Coast Guard, Electrical Engineering Regulations (CG)

As a minimum the latest revision of the following
individual codes and standards shall apply: -

ANSI C1 National Electrical Code -

NEMA ICS Industrial Controls and Systems
NEMA FU 1 Low-Voltage Cartridge Fuses
NEMA AB 1 Molded Case Circuit Breakers

papow
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3.0 _Design and Operating Conditions

4.0

Number of Motor. Control

Centers TWO
Bus
Insulation Class (V) ‘ 600
Amperes )
Continuous (A) =~ 600

Max. Momentary
Symmetrical (A)

Circuit Breakers

Interrupting rating

Symmetrical
at 480V, (A) : 25,000

Continuous (A) , ' 100

Service Conditions

The motor control centers shall be capable of maintaining
normal operations during the conditions of a ''sea state 6'';

~and survive, in a secured status, the conditions of a ""sea state 9"

The equipment will be installed indoors with a design
ambient air temperature of 40C maximum.

10-2
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5.0 Component Description

5.1

Enclosure & Bus

Each motor control center shall have enclosed dead-front
construction, arranged in a group consisting of vertical
sections, each an independent structural unit. The
vertical sections shall be joined together side by side
to form a rigid free-standing assembly. Each vertical
section shall be fabricated of steel sheet, reinforced

to form a rigid free-standing structure. Structural
details of each section shall be the same as those of

all other sections and shall be so arranged that
additional sections may be added to either end.

Vertical sections shall be divided by sheet steel
barriers into individual compartments for each starter
or feeder circuit.

Each vertical section shall be provided with a main
three-phase horizontal bus at the top, and with a
three-phase vertical bus to distribute power to the

‘starters and feeder units in the vertical section. The

main bus and bus taps shall be copper or aluminum bar.
Bus-bar joints shall have silver-to-silver contact
surfaces securely bholted to provide low-resistance
contact. Aluminum joints shall be welded wherever
possible.

Buses shall be rated at 480 V for operation on a
480 V solidly-grounded system. Bus assemblies shall be

supported and braced to withstand bolted fault conditions

of not less than 25000 rms symmetrical amperes. Minimum
continuous current rating of control center buses shall

be 600A for main bus & 300A for vertical bus.

10-3
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Combination Starter and Feeder Units

Each motor control center shall contain full-voltage, combination
type starters with molded case, 100A frame minimum, 3 pole

air circuit breakers for 480v, 3 phase 60Hz induction motors

and similar feeder circuit breakers for miscellaneous loads.

The feeder and combination starter circuit breaker shall have a
current rating based on load requirements as well as the

40 C ambient temperature. Circuit breakers shall have an
interrupting capacity of not less than 250(1)rms symmetrical
amperes at 480 V.

Circuit breakerq shall have a toggle-operated mechanism

which shall provide positive trip-free operation on -
overcurrent, and shall provide quick-make and- qulck-break
contact movement under both manual and automatic opcration.
Combination starter circuit breakers shall be equipped with

‘instantaneous magnetic adjustable tripping element only. Feeder

unit circuit breakers shall be equipped with both thermal and
instantaneous magnetic tripping elements. Feeder circuit -

‘breakers for groups of motors, transformers, or miscellaneous

loads shall'be manually or electrically operated as indicated

on the drawings. Circuit breakers, fuses and overload heater
elements shall be temperature compensated for the environment
in which they will be installed. : '

The contactor and the thermal overload device for each

~ combination starter shall be based on the motor currept and

the 40 C ambient temperature. Thermal overload heater ratings.
shall be sized to protect the motors.

Each starter shall be provided with a 120 V operating coil and

a suitable single-phase 480/120 V control transformer. Control
transformer continuous rating shall be ample for starter
operation, remote and local position indicating lights, auxiliary
relays, and any other devices that may be required. Required
additional capacities will be furnished to the successful bidder
when these data are known.

A size 1 starter shall be the minimum size used for motor control.
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,  Motor starters shall have three manually-reset thermal
- overload devices, and shall be wired for single-speed, nonreversing,
reversing, or multispeed motors as indicated on the drawings.

. Magnetic contactors shall be single-throw; shall disconnect all leads
to the motor; shall be provided with mag-netlc blowouts and arc shields;
. and shall be capable of interrupting 10 times the full-load current
corresponding to the maximum horsepower for which they

are rated at the service voltage. Some contactors will be reversing
type. Each starter shall be furnished with two extra auxiliary
contacts in addition to the seal-in and motor space heater contacts,
Extra contacts shall be suitable for either normally open or normally
closed use and shall be wired to terminal blocks. .

A control transformer primary at each starter shall be connected
to the load side of the combination-starter circuit breaker or fuse
using phases 1 and 2 for all starters. The control transformer
secondary shall have one side fused and the other side grounded.

‘As indicated on the drawings, each motor- control center shall be
provided with a 7.5 kVA, 480-120/208 V, 3 phase, 60 Hz, dry-type

transformer, and a . 24 c1rcu1t d1str1but10n ‘panel eqmpped with t'wo- pole

20 A breakers for motor and control-center space heaters, and for
other miscellaneous loads. The transformer primary shall be
connected to the control center power bus through a 3 - pole, 100 A
breaker.

10-5
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Painting

To ensure compatibility with the environment with the intent of
limiting or eliminating contamination or corrosion the switchgear
steel shall be thoroughly cleaned after fabrication. All surfaces
shall be phosphate treated and given a prime coat of rust-inhibiting
paint. A finish coat of lacquer or enamel, light gray ANSI 61 shall be
applied overall. Paints such as alkyd enamels having a fungus
resistant property shall be used on all inside surfaces and shall

be sprayed with a fungicidal varnish.

All insulations that are not fungus resistant shall have a

fungus resisting coating applied. Where such coatings would
interfere with proper operation of the apparatus, the coating shall
not be applied. In such cases, the part shall be inlevently fungus
rénistant. -

Tests ,

The completed switchgear and individual air circuit breakers shall
‘be tested in accordance with American National Standards Institute
(ANSI) and National Electrical Manufacturers Association (NEMA)
standards.
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OTEC TECHNICAL SPECIFICATION
2 KV and 8 KV POWER CABLE

Introduction

This specification. is concerned with the detail and general
requirements of the 2kV and8 kV cable. This cable is used on

the medium voltage system connections, both for connection to
individual loads and as cable requirements of interconnecting cable
bus duct, :

Cogés.ang_Standgggg

—— e S

Except as otherwise stated herein, the power cables

furnished in accordance with this specification shall

comply with the latest applicable codes and standards of

U.S.Coast Guard, Electrical Engincering Regulations T{CG)
he American National Standards Institute (ANSI), the

Institute of Electrical and Electronics Engineers

(IEEE), the National Electrical Manufacturers

kssociation (NEMR), the American Society for Testing and

Materials (ASTM), and the Insulated Power Cable

Tngineers Association (IPCFRp). As a minimum, the
following individual codes and standards shall apply:

a. IPCEA S-19-81 - Rubber-Insulated Wire and Cable
b. IPCEA S-68-516, Interim No. 1-Ethylene-Propylene-
Pubber-Insulated, Ozone-Resistant Wires and Cables,

"Rated 0-35,000 Volts

c. ASTM B8 - Specification for Concentric-lLay-Stranded
Copper Conductors, Bard, Medium-Bard, or Soft

a. ASTM B33 - Specification for Tinned Soft or
Annealed Copper Wire for Electrical Purposes

e. ASTM B189 - Specification for Lead-Coated and
Lead-2lloy~-Coated Soft Copper Wire for Electrical
Purposes

f. ASTM B231 - Specification for Aluminum Conductors,
Concentric-Lay-Stranded

g. ASTM D752 - Specification for Heavy-Duty Black
‘Neoprene Sheath for Wire and Cable

111
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Design and Operating Conditions

Conductor material .
Skv copper
2 kv ‘ - copper

Design Ambient
8 kv & 2 kv cable .
Maximum 40C

Rated conductor
operating temp.

gkv & 2kv cable : - ' 90C
Rated Voltage . , :
Class/BIL (KV) '8 95 -

Class/BIL (KV) . 2 A5

The following table indicates cable size and configurations
to be furnished in accordance with this specification. '

8KV - 2RV
1/c 750 Kcmil i/c 750 Kcmil
1/c 4/0 AWG ‘4/c 500 Kcmil

Service_ Conditions

The 8ky&2 -kV  insulated power cable shall be suitable
for use on a 3 phase. . ___60 __-Hertz (Hz), low
..res%f;ancegrogaisél system. The installation will be

In conduits ovr ducts above round, and 05¢
1nsta11a;ion in cable tray runs.g ! exposed
Manufacturersinformation will be requested, including but not
11m1§ed to: recommended installation lubricant, maximum pulling
tension and minimum bending radius.

n.2
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5.0 Component Description

The cable specified is part of the OTEC electric system. inter-
connections. Each cable shall be of the following general con-'
struction - single conductor, 2kv and 8kV class insulation
sh}elded with overall jacket. Cable construction shall'be'
su1t§ble for use with prefabricated cable terminations or field
fabr}cated stress cones. The cable manufacturer shall provide -
any information required to terminate the cable by either means

ihclu@ing recomm?nded materials and installation techniques, for
applying protective materials to prevent termination deterioration

due to hostile factors in the environment. configuration shall be
as follows; .

The copper conductors shall be = Class B
concentric-stranded, in accordance with IPCER S-19-81
(NEMA wC-3), Part 2. Copper conductors shall be
annealed-coated wire, in accordance with ASTM B33 for
tin-coated conductors or ASTM B189  for lead~- or
lead-alloy-coated conductors. Concentric-stranded
copper conductors shall conform ¢to ASTM BS.

Shielding applied over the surface of the conductor
shall be at least 2.5 mils thick and firmly bonded to
the cable insulation. It may be conducting nonmetallic
tape, conducting compound, or conducting cement. The -
conductor shielding shall meet the reguirements of
IPCEA S-19-81. :

Insulation

Insulation shall be “heat-, o0il-, moisture-, and
ozone-resisting EPR compound suitable for 90 C maximum
conductor temperature under normal operating conditions,
130 C under emergency operating conditions, and 250 C
under short-circuit conditions. The insulation shall be
applied directly to the surface of the conductor or

‘
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conductor covering, and shall €£it tightiy to that
surface.

The average insulation thickness shall not be less than
that specified in IPCEA S-68-516, Interim No. 1, based
on the rated «circuit voltage, phase-to-phase, cable
.insulation level, and grounded or ungrounded operation.
The minimum thivkuess at  any poiunt shall aot be less
than 90 percent of the average thickness.

Physical and electrical properties .of the insulation
shall be in accordance with IPCEA S-68-516 Interim
No. 1.

Insulation shielding shall meet <the regquirements of
IPCEAL S-19-B1, Part 4. 1A suitable nonmagnetic metallic
tape (tinned, annealed-copper shielding tape) which is
protected against chemical action from cable components,
and at least 2.5 mils thick, shall be applied over the
insulation, in accordance with IPCEA S-19-81,
Part 4.1.1.1. . ) ‘

Jacket

The Jjacket compound shall be neoprene and shall be
thermosetting, fire-retardant, and heat-, oil-, ozone-,
moisture~-, and corona-resistant. :

The average jacket wall thickness shall not be less than
that specified in IPCEA S-19-81, ©Part 4. The minimum
thickness shall not be less than 80 percent average
thickness.

The properties shall be as indicated in IPCEi S-19-81,
Part 4 and ASTM D752. ; :

A cable Insulation or jacket material of polyvinyl chloride
(PVC) , cross-linked polyethylene (XLPE) or other thermoplastic
compounds is unacceptable. ' )

Iests

Cable shall be tested in accordance with the latest.
requirements of IPCEA S-19-81 and S-68-516.

All cables shall pass the IEEE fire test as defined in IEE standard 383.

-y
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OTEC TECHNICAL SPECIFICATION

600 VOLT POWER AND CONTROL CABLES

-Introduction

This specification is concerned with the detail and general re-
guirements of the 600V class power and'conprol §ables. These
cables will be used in the 480V power distribution system and
the .various control,alarm and indication systems requlred by the

OTEC electrical system

codes and Standards

Except as otherwise stated herein, the control cables
furnished in accordance with this specification shall
comply with the latest applicable codes and standards of
the American National Standards 1Institute (ANSI),  the
National Electric Code (NEC) : :
Occupational Safety and Health Administration (OSHA)
U.S. Coast Guard, Electrical Engineering Regulations (CG)
Underwriters Laboratories, Inc. (UL) ,
Institute of ' .Electrical and Electronics
Engineers (IEEE), the National Electrical Manufacturers
Association (NEMA), the American Society for Testing and
Materials (ASTM), .and the Insulated ©Power Cable
Engineers. Association (IPCEA). As a minimum the latest
revisions of the following individual <codes and
standards shall apply: '

-a. IPCEA S-19-81 - Rubber-Inéulated Wire and Cable

b.  IPCEA S-68-516, Interim No. 1 - Ethvlene-
A . yiene~-Propylene-
Rubber-Insulated. Ozone-Resistant Wires and ggbles,
Rated 0-35,000 Volts. ’

C. ASTM B8 - Specification for Concentric-Lay-Stranded
Copper Conductors, Bard, Medium-Bard, or Soft

d. - ASTM B33 - Specification for Tinned Soft or
Annealed Copper Wire for Electrical Purposes - '

e. ASTM D752 ~ Specification for Heavy-Duty Black
Neoprene Sheath for Wire and cable

£. IEEE 3§3 - Standard for Type Test of Class IE
Electric Cables, Field Splices, and Connections for
Nuclear Power Generating Stations

g. ASTM Bl89 - Specification for lead-coated and lead-alloy-
coated soft copper wire for electrical purposes.

12-1 333
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3.0 Design and Operating Conditions

conductor and Coating, » Tinned
power and control . copper
Conduétér Stranding, _
power : _ Class B
control ' : Class B
Temperature
Ambient ' . 40c
Conductor operating max. Yue

The foilowing table indicates sizes & configurations selected
for OTEC:

Power Control

1/c 500Kcmil 12/c #12 AWG

1/c 4/0 AWG ’ 7/c #12 AWG

1/c 1/0 awG 3/c #12 AWG

17¢ #2 AWG 2/c #12 AWG

3/c #6 AWG _ "4/c #10 AWG

# 3/c #10 AWG i 2/c # 10 AWG

4.0 Service Conditions 1/c # 10 AWG

Power cable shall be insulated for 600V and be suitable for use
on a 480V, 60-Hertz, low resistance grounded system, on 208Y/120-
Volt alternating current (Vac) and 125-Volt direct current (Vdc)

The 600-V control cable shall be .suitable for use on
120/208-V alternating current (Vac) and 125 volt
direct-current (Vdc) control system.

*

gable sball be suitable for direct burial, installation
in c0ndu1§s or ducts above and below ground, and exposed
installation in cable trays. cCables shall be suitable

for operation in wet or dry locations with alternatively
wet and dry conditions.

Man%facturers igfgryatiog will be requested, including but not lihited
O: recommended installation techniques and materials maxim i
tension and minimum bending radius. xamam pulling
12-2
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5.0 COMPONENT DESCRIPTION

Cable shall have copper conductor, ethylene propylene.
rubber (EPR) insulation with an overall jacket of neoprene or Hy-
palon. Insulation or jackets of polyvinvl chloride or cross-li-
nked polyethylene will not be acceptable.

Power cables may be required to be single-conductoror three con-
ductor configuration construction Specific requirements as to
cable configuration are indicated. Three conductor cable shall
be color coded.

Control cables shall be single or multiconductor, color coded, with
round configuration and overall shealth of neoprene or Hypalon.
Filler material shall be nonhygroscopic, fire-retardant and shall
not adhere to the conductors.

Conductors
Conductor shall be . Class B {7 strand)
concentric-stranded copper, in accordance with

IPCEA S-19-81 (NEMA WC-3), Part 2. cConductor wire shall
be annealed tin-coated wire, in accordance with ASTM B33
for tin-coated conductors. Concentric-stranded copper
conductors shall conform to ASTM BS.

Insulation

Insulation shall - Dbe heat~, oil-, ozone-, and
moisture-resistant thermosetting eompound rated for 90 C
maximim conductor temperature wunder normal operating
conditions, 130 C under emergency operating conditions,
and 250 ¢ under  short-circuit conditions. The
insulation shall be applied directly to the surface of
the conductor and shall fit tightly to that surface.

The average insulation thickness shall be not less than
that specified in IPCEA S-19-81, Part 3 and 7.
IPCEA S-68-516, interim #1 or JIPCEA S-66-524 based on
the rated circuit - voltage, phase~-to-phase, cable
insulation ‘level, and conductor size.- The minimum
thickness at any point shall be not less than 90 percent
of the average thickness. . .

Special fire-retardant construction  incorporating
.fire-resistant tapes will be considered. '

gt

12-3
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Cconductor Identification

Each c¢onductor shall be color coded in accordance with
Method 1 of IPCEA S-19-81, Section 5.6.3.1.

Cable Assembly

The proper number of insulated conductors shall be

.cabled together in sequence, in accordance with

IPCEA 5'19-81, Part 50

" Fillers shall be used where necessary to assure a round

cable. Filler material shall be nonhygroscopic,
fire-retardant, and shall not adhere to the conductors.
A nonhygroscopic, fire-retardant binding tape shall be
applied over the cable assembly.

Cuter Jacgket )
Overall jacketing = shall be a thermosetting,
fire-retardant, heat-, oil-, ozone-, and

moisture-resistant material such as neoprene or Hypalon
compound.

The average jacket wall thickness shall be not less than
that specified in IPCEA s-19-81, Part 7. The minimum
thickness shall be not less than 80 percent of average
thickness.

The properties of the jacket shall be as indicated in
IPCEA S-19-81, Pazt 4, and ASTM D752.

Tests

Cable shall be tested' in 'accordance with the latest
requirements of IPCEA S-19-81 and $S-68-516.

Ccable shall bhe tested to determine its capability of
preventing the propagation of fire, and to determine
that it has self=extinguishing characteristics.

a. The . flame-retardant capability of the cable shall
be demonstrated by subjecting samples of the cable
to be furnished' to the vertical cable tray flame
test as described in IEEE 383, paragraph 2.5. The
sizes of the <test samples shall be in accordance
with IEEE 383, paragraph 2.2, Table 1.

b. Individual insulated conductors of - the
multiconductor cable shall satisfactorily pass the
Underwriters! Laboratories, 1Inc. (UL) vertical
flame test as described in UL 83, and the flame

test as described in IPCEA S-19-81, section 6.19.6.

12-4 - e
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-OTEC TECHNICAL SPECIFICATION
ELECTRIC MOTORS

Introduction

This specification addresses the detail and general design requirements of
motors required within the OTEC systems. These motors may be furnished as
part of some item of driven equipment, furnished separately or even furnished
as part of an auxiliary associated with a major item of equipment.

Codes and Standatds

Except as otherwise stated herein, the equipment
furnished in accordance with <this specification shall
comply with the latest applicaktle codes and standards of
the American National Standards 1Institute (ANSI), the
National Electrical Code (NEC): R
Occupational Safety and Health Administration (OSHA)
U.S. Coast Guard, Electrical Engineering Regulations (CG)
Institute of Electrical and Electronics Engineers
(IEEE), and the National ' Electrical Manufacturers
Association (NEMA). As a minimum the latest revision of
t'nel following individual c¢odes and standards shall
apply:

a. ANSI C50.41 Polyphase  Induction Motors for Power
Generating Stations . - : -

k. ANSI C52.1 (NEMA MG1) Motors and Generators

Ce. ANSI C51.1-Safety Standards for Construction and
Guide for  Selection, Installation and Use  of
Electric Motors and Genérators

d. IEEE Standards Publication No. 112A-Test Procedure
: for Polyphase Induction Motors and Generators

e. IEEE 85-Test Procedure for Airborne Sound
Measurements on Rotating Electric Machinery

'£. ANSI C1 (NFPA 70) National Electrical Code
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3.0 Design and Operating Conditions

Both test articles & module -

Design Ambient

Maximum o 40C
24 hrs. avg. ' © 30C
Environment: ‘ Ammonia - (NH3)

Hydrogen (H>2)

Chlorine (Cl2)

Sea Salt saturated moisture
laden air

Tlectrical Characteristics

Vlectrlc power services at the ‘plant will be:

System voltages {(Nominal) '120/208 wye, grounded
neutral
480, 3 phase
6900, 3 phase

System freguency 60 Hz + 2 Hz

Mofof Horsepower ' Motor Rated Volts
Below 1/2-nonreversing 115-single phase
Below 1/2-reversing 200-3 phase

1/2 thru 250 460-3 phase

300 and larger 6600-3 phase

The system short-circuit ratings are 33 ka at 6900'volts~
and 22 kA at 480 volts,

Motors for operatiorunder emergency conditions shall be rated 125V dec. ATl
motors shall have NEMA "Class B" insulation.

4.0 Service Conditions

Motors shall be capable of normal operation during conditions of
a "Sea State 6" and shall survive, in a secured status, the
conditions of a "Sea State 9".

The design ambient air temperature for motors shall be
considered as 40 C maximum. Where motors are specified
for outdoor locations, consideration shall be given to
the effects of exposure to direct solar radiation.

13-2
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5.0 Component Description

The motors shall be designed to operate successfully and to deQe]qp the.
capahilities in the driven equipment specifications under the operating
conditions described therein.

Motors shall have enclosures suitable for the rigorous and hostile environments
~in which they will operate.

4

As a minimum motors shall be totally enclosed, suitable for marine service.
In specific locations motors shall be explosion proof for Class 1, Division 1,
Group B or D atmospheres. ' : .

Unless otherwise specified, motors shall be three-phase,
squirrel-cage induction type. Motors larger than NEMA
frame size 440 shall be Design NT or HT per ANSI C50.41
as reguired. NEMA frame size 440 and smaller motors
shall be NEM2 design B unless the speed-torgue
requirements of the driven equipment dictate otherwise,

The horsepower rating of each motor shall permit the
driven egquipment to develop its reguired capacity
continuously without exceeding the standard motor
temperature rise limits for Class B insulation measured
by embedded getector over an ambient air temperature of
40 C at 1.0 service factor. Motors shall be furnished
with Class B sealed insulation. The insulation shall be
resistant to damage from lubricating oil.

2 motor terminal housing shall be supplied for
terminating the motor power supply cables. The
terminal housing shall be of substantial
construction, metal fabricated and totally
supported by the motor enclosure.

Motors - shall 'be provided with locations for
equipment~grounding terminals. Location of the

grounding pads shall be shown on the outline
drawing.

Motors §ha11 be.the manufacturer's premium line with accessories
as required to implement extended continuous service and necessary

moni?o?ing of winding temperature and bearing temperature as
specified for each motor.

Motors 100 horsepower and larger for nonhazardous areas shall have
space heaters arranged for automatic energization when the motor
is idle. Motors smaller than 100 hp may require space heaters.
Where the motor frame is too small to accommodate a space heater
the windings shall be encapsulatad. ' '

13-3 _
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Painting ' :
To ensure compatlblllty w1th the environment w1th the intent

of limiting or eliminating contamination or co:rosxon the
exposed metal shall be thoroughly cleaned after fabri=-
cation. All surfaces shall be phosphate treated and given
a prime coat of rust-inhibiting paint. A finish coat of
lacquer or enamel, light gray ANSI 61 shall be applied
overall. Paints such as alkyd enamels having a fungus
resistant property shall be used’ on ,all inside surfaces’

and shall be sprayed with a fung;c;dal varnish.

All insulations that are not funqus resistant shall have a
fungus resisting coating applied. Where such coatings would
interfere with proper operation of the apparatus, the coat-
ing shall not be applied. 1In such cases, the part shall be
inlevently fungus resistant.

TestS'

The manufacturer shall make tests on each motor in
accordance with the referenced standards.

For motors larger than NEMA frame size 440, the
manufacturer shall make the following tests in addition
to the tests specified in ANSI C50.41-25.2:

a. Determination of locked rotor (zero speed) torgue
and currcnt ‘ ‘ '

k. Temperature test
Ce. Airborne sound’  power level unless otherwvise

specified, when duplicate motors are provided, the
above tests shall be conducted on one motar only.

13-4
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OTEC TECHNICAL SPECIFICATION
STATION BATTERY & BAT'I“ERY- CHARGERS

Introduction :

This specification _is concerned with the detail -and general
requirements of station batteries and battery chargers. . y
Requirements of this section shall be incorporated into

the design, fabrication, and testing of the subject
equipment as required in conjunction with the OTEC power generating

system.

Codes and Standards

Except as otherwise stated herein, all equipment
furnished in accordance with this specification shall
comply with the applicable codes and standards of the
American National Standards Institute (ANSI) , the
National Electric Code (NEC) '

Occupational Safety and Health Administration (OSHRA)

U.5. Coast Guard Electrical Engineering Regulations (U.S.CG)
Institute of Electrical and Electronics Engineers
(IZEEE), and the National Electrical Manufacturers
Association (NEMA) . As a minimum, the following
individual codes and standards shall apply:

a. IEEE 450-1975 - Recommended Practice for
Maintenance, Testing, and Replacement of Large
Stationary Type Power Plant and Substation Lead
Storage Batteries :

b. IEEﬁ 485-1978 - Recommended Practice for Sizing
Lead Storage Batteries for Generating Stations and
Substations

C. NEMA RI 2-1966 - General-Purpose and Communication
Battery Chargers

14-1
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3.0 Design and Operating Conditions
Battery Regquirements.
The calculated capacity of each battery shall be based
on the following load duty cycle with the battery cells-
initially £fully charged to a specific gravity of 1.210
at 25 C and discharged to a final cell voltage
of 1,81V per cell.  The ambient air temperature
throughout the load duty cycle shall be taken to be - the
minimum ambient temperature of 20c. -
The load duty cycle for each battery is as follows-

Item NO.__one Service OTEC dc supply

198 - v - cells
Under emergency conditions the battery-' will be
subject to a 3 - __=hour duty cycle(
Time Period ' ' load (Amperes)
SLirst opne minute 212
Dext _one minute 465
Jext 28 minutes 300
next 149 minutes 190
Jast _one minute 194

For the purpose of battery capacity calculations, the
above loads shall be considered constant power loads.

Charger Requirements

Each charger will operate”from a _480 Vv 3 phase,
60_ hertz (Hz) alternating-current (ac) source.

Chargers shall have the following nominal continuous
output rating:

: Continuous
Item No. Service , Rating __Ames

24 {Narmal) _OTEC dc system | ekl VOLE __JEML____
2B (Standby) .QOTEC dc system. _125 volt

14-2
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Service conditions

The battery and chargers will be installed indoors at
elevation 71.0' and -shall be capable of maintaining nor-
.mal operations during the conditions of a "sea state 6"; and
survive, in a secured status, the conditions of a. "sea state 9".

The ambient air temperature for the battery and charger
installation will vary from _20 € minimum ¢o _ 49 ¢C
magimum.' Normal operating ambient temperature will be
maintained at 40 C. Each kattery and charger shall be
capable of supplying the specified direct-current (dc)
loads <through the complete range of ambient air
temperatures. '

Component Description
Battery Requirements

Each battery will operate in conjunction with
constant-voltage chargers: to provide
125 wvolts dc (Vdc) power supply for circuit breaker
operation, control equipment, (instrumentation, electric
motors, static inverters) and emergency lighting.

Each battery shall meet 100 percent - of its required
capacity at the inception of service. -

The rated capacity of each battery shall be the
calculated Capacity based on paragrach _3 o
increased as required to compensate for loss of capacity
due to 20-year operation and sized in accordance with
IEEE P485-197S. '

Each battery shall consist of 58 cells with a
nominal battery voltage of _125 V.

Cells shall be lead-calcium ,

pasted-plate, o type‘suitable for a float charge
of 2,25 V per cell and an equalizing charge of 2.33 V

per cell.

All plates shall be reinforced and adequately surported
. to prevent plate distortion under all operating
conditions, including short circuit at the cell

terminals.
14-3
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The cells shall be mounted in shock-absorbing clear
plastic containers permanently marked on all four s%des
with high and low electrolyte levels. The cell jars
shall be of uniform thickness and shall be designed to
withstand without breakage the conditions of battery
operation on the OTEC module.

cell covers shall be cemented in place to form a
permanent leakproof seal. Removable sprayproof vent
plugs shall be firmly inserted into vent wells of cover
to preclude the escape of electrolytic spray but allow
"the escape of gases. Ample sediment space shall be
provided to eliminate the necessity for cleaning during
the life of the battery.

Each battery shall be provided with compression-type
terminations for purchaser's cooper €00 volt,. cables
as follows:

Conductor Number
Item No. Size , Per Post
—one ___ —=00 _Komil _Four

Termina} posts shall be lead-plated, copper or lead with
copper 1inserts and permanently marked "Pos"/"Neg" or
with plus/minus symbols.

Each battgry sngll be provided with steel racks properly
painted with acid-resistant paint. All joints shall be
welded and ground smooth to remove any sharp edges.

-Racks shall be complete with all necessary frames,

rails, and braces, and all necessary bolts, nuts, and.
washers. Cell support rails shall be stael ntringers
covered with insulation strips.

gnargers

Each charger, which shall be a 3-phase constant-voltage
static type, will be required for charging the
associated battery and supplying the unit with
continuous dc loads.

Float and equalizing voltage regulation shall be
2 0.5 percent from no load to full load, with
+ 10 percent normal input voltage variation and
t* 5 percent variation in frequency. :

Thg charger sh§11 operate automatically with no voltage
adjustment required @urlnq operation. The equipment
shall be rrovided with separate front-of-panel-mounted

manual-adjusting devices for settin i
g the operatin
levels of the float and equalizing charging systgms. 7

14-4



10-A

The charger output float voltage shall be adjustable

over a range of not less than - 15v, . and the

equalizing voquge. shall be adjustable over a range of
not less than _* 20 Vv,

The output shall be filtered, The
ripple content of the output shall be not greater than
(30 mvrms filtered) : '

Each charger shall be capalkle of recharging the
battery ¢« in a minimum of ]2 hours when the battery
has been discharged to 1.75 volts per cell.

Each charger shall be provided with compression-type
terminations for purchaser's copper cables
as follows:

. Conductor
Item No. . Size
Y- N— —250Kemil
1B 250Kcmil

The minimum interrupting rating of the ac @ncoming
circuit breaker shall be 22,000 amps symmetrical at
480 volts. The air circuit breaker shall be mapual;y
- operated with thermal magnetic overload short_ circuit
protection. The breaker shall be rated for _75  amps
continuous load. :

The minimum interrupting rating of the two pole dc,

output circuit breaker shall be 20000 amps at 250 vdc.
The 225 A frame breaker shall be provided with
thermomagnetic trip.

Contrel wiring shall be copper conductor, No. 14 AWG
minimum. Wire dinsulation shall be 600~V class,
thermosetting, moisture-, heat-, oil-, and
flame-resistant. Wires shall be terminated with
ring-type, insulated, crimp-on connectors. Grouped

for parallel operation with other constant-voltage
battery chargers vendor shall provide ° control circuit
cross wiring between chargers. ‘

The chargers shall be suitable for floor-mounting with
all components readily accessible from the front.

Each charger shall be convection-cooled an

. d s
NEMA 1 ventilated steel enclosure. housed in a

14-5
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Painting .

To ensure compatibility with the environment with the intent
of limiting or eliminating contamination or corrosion the
exposed steel shall be thoroughly cleaned aster fabri-
cation. All surfaces shall be phosphate treated and given

a prime coat of rust-inhibiting paint. A finishk cocat of
lacquer or enamel, light gray ANSI 61 shall be applied
overall. Paints such as alkyd enamels having a fungus
resistant property shall be used on all inside surfaces

and shall be sprayed with a fungicidal varnish.

All insulations that are not fungus resistant shall have a
?ungus resisting coating applied. Where such coatings would
interfere with proper operation of the apparatus, the coat-
ing shall not be applied. 1In such cases, the part shall be
inherently fungus resistant.

Tests

Batteries shall be tested in accordance with ANSI, IEEE,
and NFMA standards. .

The seller shall perform the battery-capacity acceptance
test on each battery in accordance with IEEE 450-1975,
paragraph 5.4 per battery duty cycle to determine
whether the battery meets its special rating.

The seller shall perform charger maximum-output-current
tests on each charger in accordance with NEMA RI 2-1966,
Section 6.05, together with conversion-efficiency tests
in accordance with NEMA RI 2-1966, Section 6.09, to
prove the guaranteed efficiencies stated,

14-6
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OTEC TECHNICAL SPECIFICATION

UNINTERRUPTABLE POWER SUPPLY (UPS) SYSTEM

L

INTRODUCTION : X

This specification covers general requirements of the
UPS to be furnished for the subject project.. The

‘power system (UPS)., completely assembled .and
. wired shall supply loads consisting of computers,

electronic eguipment, controls and emergency
lighting. It also defines the requirements for a
solid-state UPS designed to supply a critical load
with reliable and precise one- or three-phase

"ac power output regardless of <transients on the

incoming ac and d4¢ power Fkuses, including -.total
power failures. Power for the critical load shall
be taken from the UPS at all times except during
time intervals when the UPS may be shut down for
maintenance. During such time intervals, the
critical 1load shall be operated from the incoming

".ac power line through a bypass circuit. Transfer

of the critical load to the bypass circuit and its
return shall be made without interruption of power
+0 the critical 1load. '

Codes and Standards
Except as otherwise stated herein, all equipment

furnished in accordance with this specification
shall comply with the latest applicable codes and

standards of American National Standards
Institute (ANSI), Institute of Electrical . and
Electronics Engineers (1EEE), and Natiocnal

Eleggg}cal Manufacturers Association (NEMA)
National Electric Code (NEC)
Occupational Safety and Health Administration (OSHA)

U.S. Coast Guard Electrical Engineering Regulations (CG)

minimum, the latest revisions of the following

individual codes and standards shall apply:
a. ANSI C1 National Electrical Code

b. - IEEE 59 Semiconductor Rectifier Components

c. IEEE 299 Recommended " Practice for

Measurement of Shielding =tffectiveness
. Bigh-Performance Shielding Enclosures .

d. NEMA SK 60 Silicon Rectifier Diodes Stacks

e. NEMA SK 56 Temperatures for Electrical

Measurement and Rating Specification

£. ANSIS 1.2 Method for Physical Method of Sound

g. ANSI S1.13_ Method of Measurement of Sound

Pressure levels

15=1
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3.0 Design and Operating Conditions

Ratings
The UPS shall have the folloging output ratings:
Item No. _kVA kW v Phase E;;g_: ' ] Hz'.
1. 7.5 118, One 2 - 60 4
2. 7.5 118, One 2 &t
3!' 15 - 118, One _3 ;9_*_

The UPS shall use battery stored electrical energy
and a solid-state inverter to" convert dc battery
power to one -phase ac power when incoming
ac power is out of limits or has failed.

Service Cconditions

The UPS will be instal;ed indoors at elevation 71.0*

The UPS equipment when required shall meet the
seismic standards of IEEE 344-1975 Guide for
Seismic Qualification of Class 1E Electrical
Equipment for Nuclear Power Generating Stations,

The design ambient air temperature for each fPS
shall ke __ 409 € maximum.

The UPS shall be capable of normal operation during conditions of
a "Sea State 6" and shall survive, in a secured status, the
conditions of a "Sea State 9".

15-2
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5.0 Component Description

Arrangement, Construction, and Performance

Each UPS shall'be a coordinated, factory-assembled
unit, completely, wired, and ready £for connection
to purchaser's power and load connections.

Equipment furnished in accordance with this
specification shall be assembled in a freestanding,
indoor NEMA I enclosure with 1lifting eyes and
adequate bracing to permit 1lifting, skidding, or
rolling without damage to the enclosure.

Each UPS should be normally designed and rated for
natural air cooling. 1If designed for fan cooling,
100-percent-redundant fans should be furnished.
One additional set shall be sufficient for full
cooling of the UPS. , '

Each UPS shall be as shown on the attachéd
specification drawings and - shall consist of the
following major components:

a. Alternate-Sypply Transformer

b. ac supply disconnect switch

c. dc supply breaker and fuses

d. Automatic transfer switch

15-3
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e. Manually operated ac bypass switch

f. Inverter unit

A circuit breaker and separate, visible treak
disconnect switch shall re provided for the
rectifier ac input. The breaker shall open all
conductors of the ac input power supply for
protection against an internal malfunction in the

UPS. The circuit breaker shall be closed only by

manual operation and shall not trip open when the
UPS is supplying €£full ac output short-circuit
current. The disconnect switch is used as a manual.
disconnecting device.

For protection against an internal UPS malfunction
and for use as a manual disconnecting device, a dc
circuit breaker shall be provided in the output of
the dc supply circuit to open all conductors of the
dc input power. The circuit breaker shall be
closed only by manual operation and shall not +trip
open when <the UPS is supplying £full ac output
short-circuit current.

All circuit breakers and fuses furnished with UPS
shall be coordinated with the supply and output
Ccircuit breakers and fuses to which it 1is
caonnected.

Static Transfer Switch

Each UPS countrol power shall include a solid-state
automatic transfer switch. Under normal operating
conditions, the transfer switch shall connect the
inverter to <the 1load. If inverter voltage or
frequency exceeds preset limits of 110 to 125 V or
58 to 62 Hz. or both, or when ¢the inverter is
driven to current limit, the tranafer switeh shall

disconnect the inverter from the load and c¢oOnnect

the load to the alternate 3upply line from the
constant voltage transformer. The switch operation
shall preferably be of the make-bcfore-break tyre.

Upon restoration of the inverter output voltage to
within preset limits, the load shall be transferred
back to the inverter. The return to normal voltage
monitoring circuit shall be independently and
continuously adjustable £rom 60 tc 100 percent of
normal source voltage. Transfer back ¢to the
inverter shall be time delayed to insure inverter
output voltage stability and ¢to allow automatic
synchronizing equipment to operate prior to
transfer. The time delay shall be continuously
adjustable £from 1 to 10 seconds.

15-4
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Each solid-state, autcmatic transfer switch shall
have an associated manual bypass switch. The
manual bypass switch .shall have the following three
positions: e

Position 1, load fed from inverter bypassing static
switch

Position 2, load fed through static switch

Position 3, 1load fed from alternate . source
bypassing static switch
\ _

The bypass switch shall be mounted and connected so
~that the inverter and solid-state automatic

transfer switch components can be removed or
replaced without making the system inoperative.
Circuit Interrupter Switches

The power supply inverter shall include a

solid-state interrupter switch connected in the

inverter output.

The interrupter switch shall disconnect the
inverter from the 1load if the inverter output
exceeds the following preset voltage, fregquency,
phase~angle, and rate-of-change-of -frequency
limits: )

a. Voltage, 105 ¢to 130 V (or as required by -

‘ project)
b. Frequency, 58 to 62 Hz
c. Phase angle, 5 electrical degrees
d.  aBz/at, 0.035 Hz/sec

Upon restoration of the inverter output voltage to
within preset 1limits, the inverter shall be
automatically reconnected to the 1load. The
reconnection monitoring circuit shall include a
time delay to insure inverter output voltage
stabllity and to allow automatic synchronizing
equipment ¢to operate prior to recomnnection. The
time delay shall be continuously adjustable from
1 to 10 seconds. :

The current-carryihg capacity and voitage.fatiﬁg
shall be in accordance with <the inverter unit
rating.

The total operating time of the interrupter switch
shall not exceed 0.25 Hz (60 Hz base).

BEach solid-state interrupter switch shall have a
manually operated bypass switch which permits
isolation of <the interrupter switch without power
interruption to thfbﬁfad.
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Inverter Performance

The power supply toO each static inverter will be
taken from a 125-Vdc bus which will be supplied by
a battery and a voltage battery charger. The bus
will also supply additional loads including motors,
circuit breaker operating solenocid, and other
static inverters. The inverters shall be capable
of operating with an input voltage range of 98 V to
135 V. : :

The inverter shall be capable of accepting a
dc input transient with a maximum of 4000 V for
10 microseconds, 40 ohms source impedance.

a. The UPS shall conform to the radio frequency
interference requirements of the Federal

Communications Commission Rules and
Regulations Volume 2, Part 18, Subparts E & B§H
dated §(69

b. The ac and dc input lines shall be filtered to
provide EMI/RFI transient suppression

¢. The audio noise level of the UPS defined as
weiglitéd sound level shall not ‘exceed 70 dg
when meausred at a distance of 5 feet from the
enclosure. Measurement is to be made in
accordance with ANSI standard S-12
Transformers and other noisce ooureces sheould be
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isolated from the cabinet if necessary to meet
the sound level regquirements

The inverter efficiency shall not be less than
80 percent under all 1loading conditions, from
25-percent load to full load and a power factor of
80 percent and higher. Efficiency shall be defined
"as rms watts output divided by dc watts input.

The inverter shall be capable of operating from
unity to 0.5 power factor lagging at rated kVA.

The output voltage shall remain with #1 percent of
rated output voltage for any one of the following
conditions: .

a. No load to full 1load at 1.0 to 0.5 power
factor lagging :

b. 98- to 135-Vdc input
'e. 0 to 40C ambient

For any combination of previously mentioned items
a., b., or c., the output voltage shall be

maintained within $4 percent.

Transient response of voltage (instantaneous
deviation from a pure sine wave of nominal
amplitude) shall not exceed 15 percent within
0.5 cycle after & 50 percent 1load application or
removal; maximum transient, and excursion of output
voltage shall not exceed +10 percent.

The output frequency shall remain within $0.5 Hz of
60 Hz under all conditions of load and dc voltage
when operating without synchronization at an
ambient temperature of 0 to 40 C. Output frequency
shall not be affected by sudden or gradual changes
in load.

- The output frequency control of the inverter shall
be capable of being synchronized to another
alternating frequency compatible with the designed
output frequency of the inverter. This
synchronizing circuit shall be capable of

15-7
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The inverter shall have built-in protection against
undervoltage and overcurrent operation in
conjunction with the dc input circuit breaker. The
inverter shall also be self-protected against
damage when energized with any connected load from
no load to short circuit.

Alternate Supply Transformers

The alternate power supply transformer for each UPS
shall be mounted in a separate cubicle located near
to the associated inverter equipment cubicle.

The transformer shall ke self-cooled, Type AA, and
shall have Class B ‘insulation.

Each transformer shall have a continuous output
rating at least equal to that of the associated
static inverter. The output voltage shall be
118 Vac, 60 Hz, single phase, or three phase as
required and shall be filtered to reduce the
harmonic content to a maximum of 5 percent wunder
all specified operating conditions.

The transformer primary winding will be connected
to a 480-V or 120/208V (with neutral) three-phase,
three~-wire, 60 Hz system, and a - prospective
short-circuit fault rating of 22,000 A symmetrical.

The transformer output voltage shall remain within
+4 percent of rated output voltage for any one of
the following operating CondlthnS‘

a. No load ¢to £full 1load at 1.0 to 0.5 power
factor lagging

b. 315~ €6 528=Vac or 160~ to 230-Vac input
C. $8 to 62 Hz input

d. 0 to 40 C ambient

For any combinatién of previously mentioned
items a., b., ¢., and 4., the output voltage shall
be maintained within 16 pexcent. '

Control wiring shall bLe tinned copper, stranded,
with insulation to withstand the maximum attainable
unit temperatures. There shall be no splices in
the wire, and connections shall be made at terminal
blocks with preinsulated, crimp-on, ring-type
connectors.

Wiring shall be fire-resistant in any position and
shall satisfactorily pass the vertical f£flame test
specified in Underwriters' Laboratories, Inc.
Publication UL-83. Thermoplastic insulation will
not be acc?gtgd.
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Grounding

Each UPS shall be provided with a copper ground bus
running near the bottom of <the 1length of the
enclosure. The ground bus shall be provided with a
compression-type lug at one end that is capable of
accepting purchaser's No. 4/0 copper ground cable.

Painting

To ensure compatibility with the environment with the intent
of limiting or eliminating contamination or corrosion the
exposed metal  shall be thoroughly cleaned after fabri-
cation. All surfaces shall be phosphate treated and given

a prime coat of rust-inhibiting paint. A finish coat of
lacquer or enamel, light gray ANSI 61 shall be applied
overall. Paints such as alkyd enamels having a fungus
resistant property shall be used on all inside surfaces

and shall be sprayed with a fungicidal varmish.

All insulations that are not fungus resistant shall have a
fungus resisting coating applied. Where such coatings would
interfere with proper operation of the apparatus, the coat=-
ing shall not be applied. In such cases, the part shall be
inherently £fungus resistant.

Tests

Static inverter equipment components shall be
tested, in accordance with IEEE 59-1962 and
IEEE 472-1974, America National Standards Institute
(ANSI) C34.2-1968, and NEMA standards, and with the
manufacturers' own commercial standards.

In addition, each completed uninterrupfible supply
system shall be tested as required by the owner to
- verify the specified performance reguirements,

Tests shall be performed by the seller prior to
shipment from the factory at no cost to the owners,

15-9
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OTEC TECHNICAL SPECIFICATION
REINFORCED CONCRETE
FOR
POWER PLANT EQUIPMENT SUPPORTS

N

INTRODUCTION

This outline specification covers the more significant requirements
for design and construction ©6f Reinforced Concrete Foundations for
the turbine generator, heat exchangers seawater pumps and miscellan-
eous tanks placed on a floating concrete hull.

DESCRIPTION

Major equipment requiring foundations are located at various levels

of a concrete hull The 1l0Mwe ammonia turbine generator is located

over an intermediate level of the hull. Pedestal for the turbine
generator approximately 10'0 above an intermediate level of hull

will be tied to hull walls and floor by reinforcing bar dowels from
the hull. It is expected that all foundations shall be constructed

at the site of hull construction. Small foundations may be construc-
ted as integral part of the hull., See drawings AAl-S-1l, AAl-5-2 and AAl-S-3,

CODES AND STANDARDS

Concrete design shall conform to the provisions'of building code re-
guirements for reinforced concrete ACI 318 of the American Concrete
Institute. Concrete construction shall comply with requirements of
ACI 301.

MATERIALS

Cement for all concrete work shall be Type II, conforming to ASTM C150.
Aggregate shall conform to the requirements of ASTM C-33. The pro-
portioning shall be for the compressive strength (f'c).of concrete equal
to 4000 psi based on 28 day test age. Reinforcing Steel shall be de-
fromed bars of intermediate grade conforming to the requirements of
"specifications for billet steel for concrete réeinforcement" ASTM

A61l5 Grade 60. :

Nl 16.1 /
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OTEC TECHNICAL SPECIFICATION
- STRUCTURAL STEEL
FOR
POWER PLANT EQUIPMENT SUPPORTS

INTRODUCTION

This outline specification covers the significant requirements for de-
sign and construction of structural steel supports for the turbine gen-
erator, heat exchangers, seawater pumps and miscellaneous tank placed
on a floating steel hull.

DESCRIPTION

Major equlpment requiring supports’ are located at various levels of a
steel hull. The 10Mwe ammonia tubine generator is located over an in-
termediate level of the hull. The pedestal approximately 10'0" in
height consists primarily of girders, columns and bracing. Girders and
columns comprising of two or more members.are to be filled in with
concrete after installation in order to achieve necessary mass.
Supports for heat exchanger, seawater pumps and tanks are blocks made
up by welding plates of sufficient size to distribute loads to the
hull. See drawings AAl-S-l, AA1-S-Z and AAl-S-3,

CODES & STANDARDS

All steel design and construction shall comply with the requirements
of the "rules for building and classing steel vessels - american Bureau
of shipping (ABS) specification for materials".

MATERIALS

Structural steel shall comply with the requirements of American
Society for Testing and Materials, ASTM A 131, "Structural Steel for
Ships". Steel shapes and plates shall be furnished either in ordinary
strength grades with a minimum yield point of 34,000 psi or in higher
strength grades with a minimum yield point of 45,500 psi.

All gonnections and joints shall be welded and shall comply with the
reguirements of the ABS, "Specification for Materials"

17-1
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ENGINEERING DRAWINGS

(VOLUME 3)

These drawings are referenced in Volume

2 and 3 of this report.
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The drawings listed in the left column appear in Section 5, Volume 2,
under the figure numbers indicated in the right column.

Drawing Number Westinghouse Figure Number

AAI-M-30 ' . 5-6
AAI-M-28 5-7
AAI-M-27 B 5-8
AAI-M-26 5-9
AAI-M-29 4 . | 5-10
AAI -M-37 | 5-11
AAI -M-35 % 5-12
AAI -M-34 . 5-13
AAI -M-33 5-14

AAI-M-36 : 5-15

362

#U.S. GOVERNMENT PRINTING OFFICE:1979 .640 -258/ 1402



1

T
* ﬂlmlﬂ PRESSURE TRNK \
- D>

S

NS

S/

1
L

9

1c
* ﬁuonm STOAAGE TANK

\(

-

PR

AXNONIR STOARGE TANX

C

?

——

?" fnnnonm STORRGE TANK

STRAINER
b
L g
WARM SERMATER
HIGH SUCTION .

r© ugAR SERMATER
CIRCULRTING PunP

v
i 4
SER CHEST
L35 seTon
WRRM SER WRTER
DE
i COLD SEAWATER
' L o
o ¢ CIRCULATING PuRP
€OL0 SERWATER
sItn SuCTion
—
3 .
SEA CHEST b3
LoW SUETION ’s
COLD SEA NATER &
e
D<

D—

¥
¢

SCAEEW MASH
BOOSTER PURPS

[ 4

]
i

X
RO

Y
€

A [~tw—

OIESEL GEMERRTOR
PRERACE

— ),
-
r f
< .
é NITROGEN YAPOR)ZOR .
> ——D—@ *vc
' e
g g ol EZ2D)
lt[ YENT RAL-N- Lanan ] 4,
_ . : TURBINE
oschaace e "
TO OCEAN HERD TANK [%-3
l LUBE O1L )
COOLER
£1 .
3] Lic
oRaIn  SERonex i = Q ° f @
@ ¢ ORAIN ¢
. —><H ‘
Y0 OR N 0 ! )
i , )
DG AR1-K-55 : CB—< - rag 1
—
n ORAIN e rump ER T3 ) WYRL COOLING COIL
T (WARM) .
vewt ‘; m 1?
D av, <Gl
* \ 4 ‘7 \. /
'S v RIR COMPRESSOR
01 SCHRRGE INTERCOOLER
X
T e
P < i NC -—«><)-L{ RS |
DARIN 1 ¢ \ / 4
re %, HS \
" c/ 10 ELVCTAIC,
] <G
] = = s
1T I . \ '
b —CFH—P<
DRAIN i
T0 CHLORINATION CCu_PunP Tc
. NOTE:
1. CCM RAT BE SUPPLIED Y0 TME WRIN NARR
AND COLD SEQWRTFA PILMP MNTAR COMTROLLEAS,
* VINT
__ * y U.S DEPHRTMENT
1SSUED FUF%BEL]IN?IO%%F:JT ION ONLY- OTECOF'[EESNTERRGRYHCLE
|~|=b/\gooun DAIE: 3/7:3/70 nsrggt:::z y "5!\ Eo. GM/OTEC-T78-55 XA
RETRNED 81 2 e L ot e
. e e —
-;- - ——- - 10 MHE INTEGRAL PLATFORM
c'ééein ,mﬁgg[:/x +— q ;I;_i t ———1¢1 HCULR?INGSEQWN .
! - t o . -——14& COMPONENT COOLING
! . —_—+ ~—-1 — WRTER SYSTEM
- ] J 1 : R — FLOW DIRGRAM
L.._ - - i 1= PEde e H% b, | amute wow
Lo i e N
oRAIN ORAIN 363 5 o o e e i - IR ARl M 52 .




1 3T STAGE
INTERCOOLEN

i
rs
1 ST STAGE
INTERCOOLER

— e e e s e

[ RFTEACOOLER

ORRIN T

0 DIESE

ISSUED FOR:

PRELIMINARY

RPPROVED BY ;;4/ S

INFORMATION ONLY

OATE: 9719776 REFERENCE LETTER NO. GM/OTEC- T®- 5%

U.S- DEPRRTMENT
OF ENERGY
OTEC TEST ARTICLE

WESTINGNOUSE STEAM TURBIME OIVISION
COmTRACT w0, EC-77-C-03-1889

|

T SEL
GENERRTOR

10 MWE INTEGRAL PLATFORM

—

10 DIESEL ~
GENERRTOR

T0 SERVICE ‘
fIR CONTROLS

AR
ORYER

] COMPﬁESSED AIR
SYSTEM FLOW DIRGRAM

Stte « Hil Inp, oo =
T]OM
P ars | . [, m—u:'m“ll;x £ [ 1850ER FOM ) mﬁ%— RRI-H-53

AR RECEIVER

T ORATN

AFTEACAM ER

364

1

o

RIR RECEIVER

|

Tomn

LR

10 WRAM
3EANRTER PUMP

>

0 POTABLE

1o sanivAhy ™
STSTEN >
(1F REQUIAED




PRON_CIACULATING SER N
WATEA STSTEN SE

INTERCOOLI

€A
{THERT | XCHRNGER

t
OMG ARI-N-52 ZONE LRTER /

CIRCULRTING SEAWATERA 10
JNCKET MRIEA Htﬂl EXCHRANGER
LOCATION SEE O

an1-n-$2

RAN WATER
Pune

XX

_®

OUYBOARD
BERAING

L

RLTEANATOR ENGINE

— e

FUELC INJECTION WOTILES

INTERCOOLER WATER SYSTEM

EXPANSION TANK

o

CIRCULATING SERMATER FROM
IMTEACOOLER HEAT EXCMANGER
SEE ONG. ARI-M-S2

RAN MATER
PURP

JACKET MATEA
7THEAT EXCHRRCEIR

n:wmunc SEAMATER TO

€ 04t CODLEA LOCATION
SEE 0XC. ARI-M-52

-3
E1
F3
z

MOTOR ORIVEN
AUXIL IART
UNP

0 TuRBO

[
')

| LOIER HERDER
1

GOYERNON —
oIL CODLCl =
LONER WERGER
1
- __{ -- -or-—-m———-lrﬂnn TURAD
UPPER HERDER }_
ENGINE

g upten neaoEn | - _J.__(rnou TURBO

ry
—V

v T

OVERNOR
1L COOLER

By

<

JACKET WATER SYSTEM

<~
T0- TURBO

@ e e e e e e e e e e e e e e e e ————

BOOSTEA

FUEL RACK )
VALVE B

TITTT

1y

ENGINE
MAIN AIR STRAT

70 GOVERNER
BDOSTER

— 9
J

CONTROL YRLYE
TPy

FTTTITIT

RAIA STRAT
DISTRIBUTOR 1TYP)

7 snutooNN
SOLENOID
VALYE

FUEL Ak

STARTING AIR SYSTEM

BERRING
RA
(llﬂtﬂl.ﬂtl(
\"‘lPl -
AIR_STRAT
SOLEXOID
TP

SHUTTLE
VRLYE

SHUTODMN AJA FILTER—— -
CTLINDER (Tre 1LiE
{ Tanx } —

FRONM COMPRESSED
AIR S781

s (14
SEE ONG ARI- n-53

FROM CONPRESSED
RIR STSTE!

Gl
' 3CC OXG RN1-M-63

( QUICK DISCOMMECT

v V[IV l FLANE

X __:::j§<;> X

FUEL OIL
ORT TANK

ORAIN &
QVERFLOW

i

®
®

.
re

©

2
ORRIN

}—- OUPLEX FufL
OIL FILIEA
FUEL INLET WEADER )

—
o )
T
- I—(\

ooy

FUEL INLET N[ﬂﬂ!ﬂ
FUEL PUNP NITH
RELIEF ymvgr[ucu: unlv:ul

FUEL OIL RETUAN HERDER

RCCUNULATOR
TARK

L

ENGINE

MANNOLE

'UEI. 01L STORRGE
(OBUBLE
?D"ﬂ ON DEEP

B

QIESEL FUEL DR .

'DIAT & wATEN
-eM PLTOR

114 lﬂ'ﬂﬂ DﬂlV!N
STRAND

VENT & FLANE
RRARESTGA

FUEL OIL
TRANSFER PUnP

HOTOR UNIV!N ﬁotlER
PRE-LUBE P

LUBE PunpP

DUPLEX @
FlLTER

LUBE SUPPLT
TO ROCKERS

3125 R

MAIN LUBE
01L STRAIKER

AUX|LEART NOTOR ———\
" DRIVEN OIL PunpP

5 ELECTRIC ————
MFRIFR :

SEPARATE® ROCKER _,
LUBE STSTEW R
NS B
Luge o1 1 /
ORAIN KERDE| e
1 1
ENGINE GRAYITY 1 |
sSur? FiLL ] ]
T H="1 ] X )
WA OIL PURP ——— 1 H
(ENGINE ORIVENI .
£ SUCTION ~ee
v STRRINER o "
. Y oIL FILTER WITH
FILTER AXD STRRINER ARy BT-FASS VRLYES
DRAINS
» g
&
T0 1.0,
EHE  Shaiiimm |
o
ooa
VENT
SEAMATER 01SCHARGE BE OIL COOLER €incuLal NG SERURIER
70 OCEAN SEE DHG FRON J.u. CODLER 10
RARL-A-52 L.0. Ed0ieh SEE OuG.

®_

R

ORAIN ODARIN

LUBRICATING OIL SYSTEM

RUR 1L ————
STRRNE A

AtR
INTARE
FILTER

RIR_INTAKE
SILENCER

1SSUED FOR:
DATE: 5/19/75 AEFERENCE
RPPROVED BY

INFORMATION ONLY -
ETTEA NO. GH/OTEC- T8 -5S

dnir—

MANOMETER EXNAUST HAUS 1€
[ R EXPRNS1ON ExPansion ] U
: A¥koseuene UI
1
:. X ; MRANGRETER
I ghAnkcASE [ % e
VACUUN PUNP ¢
U o ¢ =N
! oL M- --
I SEPRARTOR [ | { H
' e
| (] i
roy o A1k |
[N ] MANIFOLDS
[} ] 8] l
[N | ’ H
v Vo U '
u;gvz | ! <} — :
CRANKCASE
b | mpuun ) ENGINE INTAKE EXHAUST
1 meien NND CRANKCRSE -
3 VACUUM SYSTEM
e b g e———d_——— . |
SK10 o B
PREL IMINARY u.s DEPRRTHFNT

OF ENERGY
OTEC TEST ARTICLE

MES?1MGROUST STEMR TURS(ME DIviStOn
l:vnlnu XM ] 1549

SEEEEaD =

10 MHE INTEGRAL PLRTFORM

DIESEL GENERATOR
SYSTEMS
FLOW D1AGRAM

-
A
o= =

TKFORNATIOW
135020 £pm

AMEs wOue

AR1~=M-5Y4




8P S1GNAL) FLow —

SIGNRL GENERATING CELL

IRQUCTION . .
HERDER

NEINJECTION
4 Punr
~
4
y
¥ s ~
NDUI N
1 keapea  ~~ . |
,
weocmornre | o oA X b N
\ GENERATING CELL ; D }F DG—== Y [%
0 \ . |
,____.l }——{><)—{ i—4><}——- h |- Breass ¥
P \ NOZILE |
7 ' I
1 8RLL !
i ! ’/'/\\ ExiRACiion 1
MERDER S
A I LA N € I
l
B | .xé" N P
. i i | ~>< —D< | ——
1 ) |
HYPOCHLORITE | ) . I |
GENERRTING CELL 1 N i
- 5] d ! A == D<= |
14 \ | ) ¥ | !
& 1 | > ! ! l ,:
_______________________ - ko oo b o T (T
! ! ! ! I
STRRINER | | N i
I3 ’ ! Y I !
<t : ‘‘‘‘‘‘ D= mmeeane =4 ————= D<= | :
. 1
| | \ / ! :
I Lo e o Ao . .
~ TROCH ARSTE === )| === D= A <= 1 >
PR cERRT e CELL ) \ &— — \
m—{ 2 | | . \ N | |
- ) )
. Lo [ s g
STRAINER SANPLING 3 \ sECH IR | enERTAP
. 3
N : | :
e =< : v oo \ !
-~ | T e — - = — N = = — L B T P b
\MUTORATIC SWETCAING uN j/ : HYPOCHLORTTE RECIRCULATION \
, ' \
] @ HYPOCHLORITE - TRNK un — X \ TURBULANCE

N WATER
EXTRACTION
NOZZLE

%

v REINJECTION
! ! PunP
: : : ~ ) . ?gwgcor:n?mg‘
AEMOTE CONTAOL LOCRL CONTAOL RESIOURL et 7 SaeCTon
PANEL PANEL ——— | = | ] MRLrztR fatereh e
' ! Shains
' | - y- : . P> i)
4 t t / - BALL COLLECTOR
| i . . X -
! ! FROM S.W. SANPLE HEAT CIACULATION MONITOR HEAD — -
M, A L]
: ! EXCHANGER 0 SCHARGE
'\ oA N - worom yrennion NNTF
1 0 N Pl coneFrnn
| ! POMER SUPPLY 1. HYPOCRLORITE PRODUCTION CONTROLLED
N | | 10 CEWLS 81 SIGNAL FROM RESIOUAL ANALTZERA
e — . e~ COLLECTOR
DISCHARGE VALVE 2. LON FLOM SIGNRL TRIPS RREAKER OM CELL.
_01STAIBUTOA
o T ATTPICAL) 3. CF11 T BE CAPABLE OF BRCK FLUSHING.
* TRANSF OAHER
' RECTIFIER
| - A
y BREARER

———
~ TEMPERHIUKE
,v’ CONTROLLER POKER SUPPLY 4yQ Y. RC
\

S—

\ .
’l near E:-Cu:l)“'ltﬂ
— ¢ mui&:::tcnou
.7 WoZILES
SNE D ¢~
SNC D G

. 2!
EN . A
H§
MECHANTEAL TITIEE
) CLEANING SYSTEM
Ted—is £AGR LULD CIRCULATING (CONVENTIOKAL RMEATRP SYSTEM)
SEE DMG RAI-N-52 ) . U.5 DEPAR
(7 © _ PREL I INRRT my | U3 ghanmenT
B003TER . ISSUED FOR: INFORMATION ONLY | OTEC TEST RRTICLE
‘ 0RTEs ”'9’75,-:5:&“#[ LETIER NO. CH/OTEC- 78- 55 'Q Ly
FACK WARN CIRCULATING i f/V.,}/ R
SER WRTER
SEE ONC AA1-W-S2 e e
e 10 MHE INTEGRAL PLRATFORM
w BIOFOULING SYSTEM
P FLOW OIACRAM
i CHLORINATION STSTEM,
NECHANICAL TUBZ CLERNING’
. A B IRNERTAPI SISTEN
BUUSTER ] ) . Cnte & F, Ino, | cmo v
. INFORKAT 10N " CANEDR CESEP, QMITR LT
CHLORINATION SYSTEM 366 O W o Nl’.tu:) ron T ARL-M-S55

[ . ) T —



PRESSURIZED RETURN HERDER

HIGH PRESSURE SUPPLY MEADER
VENTED RETUAN HERDER
; ) n
-L0)
] L0 o-L0
L0-L0 — ' Lo-10
RWMONIR FEED VALYES (SEE DETAIL NO.1 BELOW) (SEE OETRIL NO.3 BELOW) .
Lhs | r==-=-A r——=" r— == Fe r—==nA" HYDRAUL IC |
| 1t [ [ | | [ | , STORRGE TANK 1 OlL COCLEM
I T e I T T T TR | BPy-1 | | BPYV-3 | \ '
i 1o 1o b | I 1o I : o—-—@
1N 4 w el - o4 - )l [N 4 “ -4
¥ ¥ ¥ ¥
L A 2 £ % 2 , I ] : &—
1 - i+ O e O
1 | c ey oF
NP SUPPLY HOR : C 1 ¥ Tcv ¥ [ %
) | } { : L rav
| T ca c
[ |
| wroRALL IC | FROM ! '
1 IRLP TURBINE | !
LU LUBE OIL h ] B IRY
Ly - I S ut |
" J ! e
L] .
(SEE DETARIL NO.2 BELOM} 1 COOL ING MATER 1 1
1 SYSTEN SEE /
1 OMG. ARI-N-S2
1
TRIP HODR I
: !
El
[ I hj | 1. I
AL LI, ALT, L LdE 1L T,
| [ [ | | | [ [
I 1 [ 2 [ 3 i [} | ! { osPv-2 | | sPvd )
| [ [ [ | ELECTRIC/HYDRURALIC [ [ |
Lo md b d e ) Lo FLUID SYSTEM LAYOUT . Lo —md L el
ANMONIA AECIACULATION VALVES (SEE DETAIL NO.1 BLOW) . ISEE OETAIL NO.3 BELOM)
.
.ACCURULARTOR
I
PRESSURLZED [t e it k! PURP (TTF) .
Q RETUAN HOR P e e m e m - H - =
P e e e e ————-—— A~y . IRY
oPE P r e e e e - — — AL
N -~ [ |
-~ + 4)—-{ TRIP HOR > vl - PI ¥
_[_ = S PAOM TURDINE -

LUBE OIL SYS.
MECHANICAL - ORFIN 10
OVERSPEED & AESERWDIR (TTP)

NAKURL TRIP ELECTRIC/HYDRAULIC
FLUID SUPPLY SYSTEM

10 SOLENOLD
e e — == =1 1AIP

FAOM TRIP
HOR Ve v

HP SUPPLY
HUR

O
cLosep - ( Lvor

:D
@_l_ @D(ROO | ) .
! ANP : DETAIL NO.1
O Sat O SEEEEEES T

X ( — ACCUNULATOR (TTP)

1O VEMTED
- {nzvunn B

"?_@
:r:I
?1

PREL IMINARY U3 e AGHENT .
_ - FROM NP . - AGY
o> | CBATe ] | 15oup, o INEOSRTION ot (G ore et B
K . . RPPROVED BY b g = . “ISTIMCIuSE STEM TUR3 1N DIvISION
OPEN~ i ta1r woR 4 : I : .
& Q D DETAIL NO.2 A —— -=-{ 10 MHE INTEGRAL PLATFORM
CLOSED 'J-‘ . HYORAULIC TRIP BLOCK T !
IRDD T A I
( ) _(D_DN_( WP SuPPLY I 1 : (I P ) I CONTROL VALVES
oEn ] " o — ——— —-~| ELECTRIC/HYDRAULIC
@—_—@ 0 | DETQIL_ﬂ[‘_]__O_.__;‘} d . ——-j SYSTEM-FLOW DIAGRAM
! | T ' - ‘ —-
S ny C R 4 : ¢
T ORI e

o 367 N , =

¢ . 3



1A SIOE SEAL OIL SUPPLT ,

.

—Da—

U

GRS $10E
[] 0

GAS SIDE SEAL

n OIL LINE SYSTEM

OIL PURP & MTA,
WITh TIRERDED QUTSIOE COMN.&
30C. 1MLET COMNECTION

\
ORRIN REGULATOR \\
——1 HF———————— \
—d TURBINE =] \ L7 o }
— =T o I L\\
] J o1L_Punrs
sae
X N 4 \
: (T
A} 1
5 ped ' a
i _(2_“
) "\ N
OEFORMING _TANK A ) /\/' \\sﬁttz“{ﬁ?, eowcen
1 i —DeC—H— 1 —De—
ol ™ \ /
o f \, - = — ~ o /GLOBE VALVE 1T1P1
' SRR SR el S
I — P
f . H/ -
[0 D IR
' OMAIN_REGULATOR ect ~\
TANR
. SOCRET KELD
FLANGE (TYP)
I i ' i ' IR SIDE WAIN
rd - yd Punt SurrLY
% L= — -
VAPOR EXTRRCTOR Dact L~
DECASSER 1ANK
X ¥APOR EXTRACTOR
IL 1T 1T DEGRSSEH IHNR
N7 N I
BERRING UIL SUPPLY LINE SYSTEM s B ™ ]
¢0IL DRAIN LINE SYSTEM AIR SIDE SEAL i
on ronER OIL LINE SYSTCM -
/ -
— e [
/
— TURBINE :1é_'
DARIN REGULATOR . .
1ANK . L<—
_THREADED
| /FLANGE
pas ~J a
__—D_i}._—- " BERRING
= s Citym !
p ]/ TURBINE [
JN - ~
\ I \\ . -~
.o . —
. \\ 1 s \ A
~.GAS SIDE SEAL 4 -
0IL FILTER N T OEFOAMING yd
TANK UNION .
BR“IIIEULR!OR 1P
I

YAPOR EXTRACTOR
OEGASSER TRNK

368

VENTING LINE
SYSTEM

RPPROVED

PRELIMINARY
ISSUED FOR:

DATE: 9/7:9/,70 REFERENCE LETTER NO. GH/QTEC- T8 -5%

INFORMATION ONLY

BY Ll e

pd

U.S DEPRRTMENT
OF ENERGY ~
OTEC TEST ARTICLE

MESTINGHOUSE STEAM TUREINC

Olvision
CONTRACT %0.£G-77-C-03-1569

P R

-] 10 MME INTEGRAL PLATFORM

TURBINE GLAND SEAL
&BEARRING OIL
FLOW ‘0IAGRAM

[y T
] U ———
Comn T o=
T e - -
- JEE S
L. i, - 4

IRFORAHITON ~

<tautr woet

WPPACYR D 15350 108

AAL1-M-57

308780112881




L1k

*«

1.
i

1
i
b ——-=

)
[
:

\

I
|

]
i
()
m

1

1
|
>

o

S i ik

LT

[=—— TG PECESTAL COu_wa.

i
{41 o

»

& TORBIE ¢ GENERATCR . £ TURBINE ¢ GENERATOR 7

— HULL FLOOR

2

PEUSSRCING DOWELS
FP2w WL FLOCR TO
UMW RENF

HULL WALLS -

MAT T4 0L BARS
/ N
et G - = F — p—
o S s Y T //7 i
=l - &l :
| - ST TYPICAL CONN. TO HLLL — CONCRETE
PLAN - CONICRETE OUTLINE PLAN - STEEL OUTLINE ®)
2 T
= + GENERATIR \
e s e == :
I . I Gl 5 !
‘ ]
T - ' t 0 1 o 9 im0
'l \I = R | W T e
' ' '
i HEED [T 11 !
St 4500, : . o : e R T T AR
| i e o TR
i 4 Wi ]
I 7 L T 1
; { : e
| | 1 I
; i
i I i "
I fe |
i e e .
: yid = I. l i I»,- AHCHORM  BOLTS
- sy 3 il
g 1 R Jis 4
ZSECTION A-A SLLTION Coe H . T (] T ! II
Vo g
B P 4 — COLUMM BASE RATE
2 £ [ gl
{ | - | I i | g |
! 3 § o i i W e = == ] | ]
: = ‘ ! Z R s
. : L i | il S HULL REIF. PLATE
! 9% b i . | :
| 20 | i : e | I | )- ’- - STIFE OR) GIRDERS \ <ulL FLOOR
| 1 {
| i // | |
: ; 5& : 5 ELEVAT IUN
| e ! T
i k; ‘ ; TYPICAL CONM. TO HULLL — STEEL
L T o ' 1 i
o | i ‘ PRELIMINARY & U.S. DEPARTMENT
g i g ; UNCHECKED OF ENERGY
t / 3 OTEC TEST ARTICLE
. i // ! Issued For:_ _ INFO S ——
/ / : Date:_s:71:18. Roference Lette Ny WERTIC Ry
| ———
/ / et e 10 MWE INTEGRAL PLATFORM
i t
|
/‘ |/ = S T - H = _
¥ — = TURBINE GENERATOR PEDESTAL
T
/ Gy OUTLINE & DETAILS
’ N L : N
{ 5 [ : TR = Qibbe & HillIng.  |sne —~
SECTION B-B : il 369 EBECI O WE - S R el e e INTORMATION e R AR
el vl L el el e esusacs == s 112660




¢ Pume
(4
1 L :
! : ‘ - . ik
' P ! i i ) ¢
' A 3 ‘ . < i ‘
ﬁ o DETAIL A T // R o - 3
! v < ' | i - . _
RS g 3 4 \ ! ’ | ; .~ FLANGED COLLAK
0 b - e : o = I Z
¥ p FleEa =
£ 1 Chic—olls, N B « =
______ = B S —_— ’ /—;— = N\ { )
t Vs 3 gEl & t —
I i " / 1 ]
1 .o .. ; /1 \ =1l 3
! W ey )
i == = loe o f| o o T_E - L | M e I | = = ,-;f-]'—{» & S—T
| 1‘ e g ! =
i I - \ SRt e
° o e o | ' . *\~ /¢ I ‘ T
ONTECZER = : “\ ¢ i L é
e o * o ‘ % S i g [0 o
g e S
# & ! o \i»,—,.—,’/,ff 5 ’ ‘. .
_ f ST | ’ SECTION C-C
o S £ 2]
i B TR < | |
i | |
- Bl st DETAIL A = = = e e
o
SEAWATER PUMP SUPPORT  PLAN £l dsion
253 P AR et ESR  NARM WATER AS S4OWN FOR COLD WATER CPP HAND ! =
\‘ / (S ( \‘ ’ SN o o SRR
; lé’_ £ PumP ! _}
% I~
== -7 AN DeralL B
CONDENSER  SUPPORT - PLAN LOOKING UF PRl V| <
— CONC RING MONOLITHIC
WITH HULL BASE
t = e/ rEL 2100
G /f&/
| -
\ \\
: ot V‘ EL 000 \‘ﬁ

SECTION A-A

SECTION B-B <CONCRETE

EVAPORATCR

A
!

i e PRELIMINARY &
i \’ i —LVAFORATOR OK UPJCI lECKED
/ ‘9& s COMDENSER
i 4 , Issued For:_ _/NFORMAT/ON ________Only
/ iy i
/ v . Date:_8-21.7a Reference LetterNo._ __ ____ _
we_. BLaTE 4 | e S
y 1 T ) U.S. DEPARTMENT
I pEmE Puate i %]r e e el = T OF ENERGY
/ 55 (& S G g x
7 By r i | e it [ —1 ; OTFC TFST ARTICIF
i.‘_'.'-—:' WESTINGHOUSE STEAM TURBINE DIVISION
’... CONTRACT NO. EG 77 C 03 1369
EVAPORATOR SUPPCRT - PLAN LOOKING UP DETA B I a":
ETAIL i JO MWE INTEGRAL PLATFORM
! >
. ‘ { SIS e HEAT EXCHANGERS &
| =N SEAWATER PUMPS
SUPPORT DETAILS
Qibbe & H”" Inc. scaLE:
NGRS, D SICHERs, COMS TRUCTORS
SECTION B-B =STEEL Wit AAl -S-2
3 70 08 wo_ ||~ il




. N :
i ! \\ |
S - ol ¢ TANK
= | F===3
f N SADDLE WELDED T
h 0 f'ro TANK I :\ ;
H ) I o
1 \ |
! ! ! ! ’i : :\l /
jé;::,‘g.L_ Y P Era—N L
A —

- i
(OPERATING DECK
|

4
% _
A L STEEL OR CONCRETE
L; LOAD SPREADING BASE
£ TANK ELEVATION

/ ‘.__\
) A
'. :r 5 \
it =
\\ l ;;
, /

—_———

SECTION A-A
,4:, = )-0"

%6 = 1-0"

PRELIMINARY
- UNCHECKED

&

INFORAATION

Issued For:

Date:a:2; s _ Reterence Letter No.

1
!‘ ‘

j

U.S. DEPARTMENT:
OF ENERGY ‘
OTEC TEST ARTICLE

/ /7|WESTINGHOUSE STEAM TURBINE DEVIZON
<

CONTRACT NO. EG-77-C-03 -1569

1O MWE INIEGRAL PLAIFORM

MISCELLANEOIUS TANK SUPPORTS

— - Glbbe £ HIll.Inc. |scawe.- AS NOTED
vV | r Bxglvn [ - AT L =) INFORMATION ERCHEER DEMAT P (OO TOUCTORS -
onei | siivt | iuind) Bl Bkodl LXASS 1173 BELN BaLl Cimind e IsBULD YOR o — :
e |n rt o:: tneo rrmOvALS 08 N0 [1-2661 AAl -§S-3

371



8KY CABLE BUS —
3-% 750 Kemil /&

v

3-25MFD BKV

—
SURGE
PROT.

io o

3-8x¢

2000/5 ¢t o o ‘& Q o
2(48 ¢ 90

2000/5 €T
|-08

GENERATOR NO.1

CLOSED -LOOP
AIR COCLED
18,125KVA
SFPF 34 60Wz

WYE CONN. 69KV

58SCR 3600RPM
Xd = 136

2000A é .

€900/t20¥

o (@
2000A €9KV BUS

@ &

NOTES

| - ALL TRANSFORMERS TO HAVE DRY TYPE INSULATION (CLASS H) WITH 150°C
CRISE OVER 40°C AMBIENT AND ADDITIONAL 20°C HOT SPOT RISE.

2 - ALl .CC. BKRS AKE I0DA FRAME AOND 22,000 AMPS, SYMMETRICAL I.C.

UNLESS OTHERWISE NOTED.

3- ALL VOTOR LOADS ARE PRELIMINARY AND APPROKIMATE AND ARE SHOWN

IN HP, UNLESS OTHERWISE NOTED.

STATIC
EXCITER
REGULATOR

<SIW, 0¥, 2204
05 REPONGE RATI)

&
VOLTAGE SETPOINT

(MANUAL MODE)

START-yP
DIESEL
CLEC.&EN

4500 Kw
6900V, 3¢

60Hz

10

3% 750kenul

800/5

3;

1200/5 &

800/5A

o
~/

(]
o
g_— VOLTQREG.

STATIC TXCITER

o
3

—

~
~

S

&
9 'YC_500 Kemil

&3

6-%750Kemil

WARM WATER
PuMP

COLD WATER
2yMp

@ 1200A

r 8KV CABLE BUS
2% 500Kcmit /6

T0 FUTURE
TEST LOADS

ADJUSTABLE FREQ.
SPLLU LUNIKULS

480V M.C.C. ICIM-I,

LEGEND

—~-
(=)
2
~e—

=Dce
|

BREAKER
(WITHDRAWABLE TYPE)

NEMA SIZE 2 MAGNETIC

CONTACTOR WITH 100A

FIXED FRAME BREAKER

HAVING THERMAL MAGNETIC
TRIP SET AT S0A ANC

ONTINUOUS SETTING TO

BE ADDED LATER.

MAIN CONTROL PANEL (REAR)
MAIN CONTROL PANEL (FRONT
69KV SWITCHGEAR
480V SWITCHGEAKR

RELAY WITH DEVICE FUNCTION NUMBER

© J — 40  LOSS OF FIELD
3 ! ! ! ' N7 ' VOLTAGE BALANCE
g T X ' 60
¥ 5008 TyG0AT )70 ),0 ) ),0 ) 20 ) ) 53 OVEREXCITATION
¥ ¥ ¢ M CTH ™ T 32  REVERSE POWER
,, TRANSF. 87  DIFFERENTIAL CURRENT
2 2 |
5a WA TiCH-)
8004, 10 SEC. 8 e gl L ksookemit / _ N ke g o o = SIN  GROUND QVERCURRENT TIME DELEY
1004, CONT. e I3 ¢ oy 480-120,/208V |2 o I SIV  PHASE OVERCURRENT TIME DELAY
= £ o I - 30,604z MISCAUR | o I B S0 PHASE OVERCURRENT- INSTANTANEOUS
z " - 2K : T 64 GROUND VOLTAGE
@ ZP/NLUB 1} Yy Yy 27 UNDERVOLTAGE
: x % S8 86  TRIP ¢ LOCKOUT
EACH 480V =@ 2 s = o o i - P _ - [ 2, 85 «o LE ol )
SUSTA.FD. o5 So £ ] _E2 = & z z ¥ W wS oS Sy 2Zg BZ 350 o LES 46 MiGATIVE SEUUENCE
) 5 w o 7S p = . O a w VX o= w w E wl : =1 235= 74 LAR RELA
55a —eo &g za 2=a OF S .8 &z £8 2E ¢ Pe S % <% 2., .82 ©_ 3’8 ALARM RELAY
ot L 4, Z Z90. EZwe= = = o A S 5 3 w S 2L RY ES8x =D 2%S
5k BBs Iy 2 2 £22 8252 & 38 3% RE ¥p g o2 23 a3 25 E2 sz 5.9 2% Sps
Zio RS %o 3 20 382 g8 = »  De 28 2g g3 £F Z* %2 33 g8 =5 28 Zegx ¥ grl
S B 204 o8
. 2xC 1CIM-2, GOOA _
b D D D DD D D ) D
] ™ ™ T™ ™ ™
T 1350A-H X g TRANSF. m PRELIMINARY
= STORAGE x - ! WoTIcl-2 T :
BATTERY = o E - Y Y
. - EX = = - 2 v 480120 /208Y 2 9 =3
~_J25V DC BUS IA 125V_DC BUS 1B T BN I R I A A - . \
LA A S A AR O D BN : ~ . ) O 2 ;
partery D 0 D0 0 Dy o] ) BATTERY s g - SRz 5o =| Issued For:_ __INFORMATION O |
CHARGER CHARGER - ‘ 0 @
11 i l l l l l l l ; W ‘ v Date. _%:7:78 _ Reference Letter No._ _ ___
o~ =) i = = -
. =4 B S w s S ac oy o <+ g [
4BV MCC. v g —— 480V MGC zZ 22 £ =, ax 2 2 5o w - ~ o a =
" SWITCHOEAR comnm'- O BIWITCHOLAR 54 ¢ 8 Sz Oy  eu R S g W z % e = - & &% z
M Tamveol | ens. S B[S 5 conthat ez § Zg EE B B8 8% 2 B SRl LB & - % s % g2 ° on g Bi- U.S. DEPARTMENT
3 & zNp Zg2 38 <2 20 33 32 229 82 Sz o= = 38 28 o s w XS B¥ 37 3o fEg OF ENERGY
UPS. SYSTEM « £8 23 B 25 $3= ©F CF E3€ g g¢ 2 g2 25 35 g 2 & 2F 3L By 9 3¢
oy aur suppLY 2 3Fe= 28 %= ¥ §8%r = xz BS8E T Em B% £ ge ¥z § 0§ 0§ 23 %2 ¥z I 83y OTEC TEST ARTICLE
«;.g%n?: WESTINGHOUSE STEAM TURBINE DIVISION
INVERTER 1A COMTRACT NO.EG-77-C-03-1568
T5KVA, 18V, 1§ b}
l l |0 MWE INTEGRAL PLATFORM
roroRe OTEC PILOT PLANT MODULE
! PRELIMINARY
)
e gus 1 | wiTaL 8ys 8 | ELECTRICAL ONE LINE
Y K Gibbs & HillInc, |3cr« NONE
A [8178] APl — 1 = 130 3 - €GIEERS, DESIGHERS, CONSTRUCTORS
= Al —F -
CRITICAL LOADS pind Kl OO RS e e TI-2661 004 AAI-E-~10




TANK (31 SEE OMG 1. MULTI AXIS ANNUBAR

RA1-N-51-02
2. ULTRASONIC L.E. FLOW ELEMENT Y-PATH // FROM NI TROGEN
SYS. L.P. SEE
3. FOR VALVE HYDRAULICS SEE DWG. AR1-M-S6 . \\OHG_RRi-H-51-03

:

!
) i
FROM AMMONIA '\ l NOTES
. PRE SSURE /STORAGE 20
|
1
¥
|
!
!

T0 AMMONIA STORAGE 0 AMMONIR STORAGE :
TANKS SEE DWG TANKS SEE DNG -
AR]-N-51-02 RAJ-H-51-02 . ﬁ‘,\

fFic !
e  — / ‘
26m { g EL. 7)
26" 62" /l -
62° NOTE 1
28" . b
—p—— —_— , 3o~
NOTE 2 (— ' ' ' —
. G A (F1E\
FRON AMMONIA LIGUID F- @ A LIGUID =
CLEANUP STS. RECIRCULATION LINE ) ?S"S:Aoﬁg‘;t’mum ' ) :
TO EVAPORATOR DRAIN WELL  / . CLEANUP SYS. SEE . . : :
T BOBEEOEOOO s | |
. . )
: I } | | | | I | . . . I .
| I | | | | 1 | |
t | ] ] | | i !
1 | | | | | X
I ! | I ! I " :
i | j Cv-1 Vi h ! 28° ——
I 1 | I NOTE 2 28°
: : cv-1 - © Tev-u : : - §2° o]
AMMONIA VAPOR \ , ! ' 107 |- 28" ) :
FROM ANNONIA L10U10 N 28" | ! : vacousTEN
CLEANUP SYS. SEE > ! i : i NOTE 3 YACUUN PunP
OWG AR3-M-51-02 : @ )
nsc?gg“t’\?m ’ l =
uL N AMMONIR .
L e O @ | @ i it i |
e - (P | | | | | BYPASS
Pl . | | X VALVES
L - -3 are)
: I \ F.C.
1 ) B T.0.
! - 28" gv-1d A CV-10 ‘ . _H
AMMONIA MANIFOLO/NIXER . i
NOTE 2 AT ) .
y TURBINE
: : \_/ .- GENERATOR ~—— 20" ——~ - 20— A
20 -‘ e — v
— - — foeeee s e e e - - - = - —_ . EL. &S
== =S = S | / ‘
1 1 1 ) f— TYPICAL FOR BEARING OR
. WIKDING THERMOCOUPLES } . \
/'VRRH SEAMATER WARM SEAMATER o COLD SEAWATER COLD SEANATEA
;gnga?:tgs‘grsn - - <\ TO EVAPDRATOR : TO CONDENSER ;3"’20%&:?753
EVAPORATOR - ‘ CONDENSER -
E— —5 - -‘
. ' . R LI ' : . . 11 (§]
. ) . su. Ar\l 30‘ 30 s‘z- . ,'7
: = " : U.S DEPARTMENT
} PREL IMINARY OF ENERGY
ISSUED FOR: INFORMATION ONLY' OTEC TEST RRTICLE
OATELS 719 /::?;g:t:gz::x }w;‘/';kﬂyu- 76-55
-, A WS IOl 1T0AR TuRD I DIVISION
'y - ContARC] oG, (6-77-C-03-1559
J ) . . Vo .' | />_
. ! O O 10 MWE .INTEGRAL PLATFORH
H ! H !
; .

AMMONIR POWER CYCLE
FLOW DIRGRAM

GGibe g 31, g, [ xer <
- ld

a "y =1 =t =] - | -] - - |- 1%FCRMAT I ON mmm
373 T e ) o~ = AR1-H-51-01




FAON/T0 SUPPLY
TRNK: YRPOR
CONNECTION

1BRRGE)

FROM SUPPLY
TRNKs LI0UIO
CONNECTION
(BARGE)

VRPOR VENT @ (ws)
i] 1

" AN ros1TION B t

+
(O =% " POSITION R fouaw ) 11nc/
ouicx PoSITION ®

013CONNECT
>4 .
® S —

ouick
DISCOMECT

SICNT GLASS

POSITION B |

POSITION R

I

POSITION R POSITION 8

POSITION R
1
RARON]R
COXPRESSOR
5 0 PONER CYCLE
(}7 ] VACUUN PUNP
]
|
) SVEE
A
X D - 6 ) TAgn COMDEMSER '
e \EE DNC. RAY-H-51-01
. -~
s
Yie 1.H1-H1
& We @"@"“ 15 FROM NITROGEM
L 3 37 R Garatastane
o . R i BRI RS Tal
NANMOLE w HAKHOLE \eo.10-t0
T m T 1S
8] 1
! i
1 ] r
| RNWON]A 4] 1 | ANNONIA
| STORRGE TANK i , STORAGE AKX
! W ! I
. AKMONIA
. PRESSURE TANK
1s e
1
V-8
cv-8 AE
XD &
B + > - —————— |
A% v
& S
M ¢ NC T0_COMOEWSER
% MOT MELL
I ki SEE OWG. ARI-N-51-0)
- r ce-3
T (s
./ X0
' RANONIR VAPOA
N cr-s ;25%5;022102 51-0t
HS _@_}'ﬂt - NO g
oL h
:’]: RANHOLE w0 Lo
ROHOLE L0 AECIACULATION LINE 10
T 1 EYAPORATOR ORRIN WELL
T 1 SEE DMG ARI-N-51-01
| 1
] : HEATING —-, ARTR
, \ - ELENENT c“uégﬂf
1 awON1R STOARGE TANK
| STORRGE TANK 1
'

Kews

FRON _RANNONIA
RECIRCULATION
PUNP 01SCHARRGE
2[5 WG

TWIPICAL)

FOR ELECTRIC/HYDRAMLIC — —— -— —=
ARN. SEE ONG AR1I-N-S6 )
] [}

cv-2

| |

PRGN ANRONIA
FEED Punp
DISCHARGE SEE
MG AA1-N-31-01 -

o]

Cv-8

NOTE
~.. RELIEF VALYVES WILL BE NANIFOLOEO.

374

RON AXRONIA RECIRCUWATON

© | RumONLIA L1QUID CLEANUP
TAWK_ BLOWONKM
(WRTEACANNONIR*SRLTS)

PURP DISCHRA
\OEE LML MHI-

AMMONIA LIQUID CLERANUP SYSTEM

ISSUED FOR:

OATE: 9 /13 /78 REFERENCE L

PREL.IMINAARY
INFORMATION ONLY

%0. GH/DTEC- 78-55

U.S NFPARTMENT
OF ENERGY
OTEC TEST RRTICLE

WESTINCHOUSE STCMA TURSINE BLvIS10N
CONTARCT WO, £6-17-C-0)- 1549

11
RPPROVED BY %H M‘ 7~
1

1

10 MWE INTEGRAL PLRTFORM

AMMONIA STORAGE. HANDL ING
AND PURIFICATION SYSTEM
FLOW OIRGRAM

—

- QGRIAT

H
B
0

‘16300 oA -

& ® .:qgg o, | 3¥ne m
AR1-M-5]-03)




VENT T0
ATHOSPHERE

!
|
1
|
|
|
|
|
|
t
I
1
|
t
t
I
|
|
|
t
|
!
|
[
|
|
|
|
|
|
1
[
|
|
t

FILL
CONNECTI

ORR

PRESSURE
BUILO-UP COIL

C

1
|
1
|
|
|
|
!
!
|
I
|
|
|
[
|
|
!
1S

~--CRYOGENIC LIQUID
NITROGEN STORAGE TRNK

VENT

?

FROM
SEE OWG AA1-M-52

CCR SYSTEM

VAPOR1Z0R

k}—-l VENT TO amosrn@

‘#

oRATN

TO CCH H/X SEE
DHG ARI-M- 52

FURNISMED BY VENDOR

375

e e i e e e e e e e o —— —— —— — — — - —

N\,
S

H.P. NITROGEN GR
TO PRESSYRE -TRNK
SEE DWG RAI-KH-51-02

L.P. NITROGEN GAS
T0 OTEC POMER CTYCLE
SEE DWG ARI-M-S1-01

ISSUED FOR:

N]TE: ®7:% /15 REFERENC
APPAOVED BY

PRELIMINARY

INFOBMARTION ONLY

(;Ll/l}l‘ N/D GM/DIEC- 78-55
7

U.S DEPRRTMENT
UF ENERGT
OTEC TEST ARRTICLE

mE3VINO~OUSL S1EAm TuARImg OLYISIOn
COMTARCT ®0.€6-T7-C-03- 1349

10 MWE iNTEGCRAL PLATFOR~

NITROGEN SYSTEM
FLOW NTAGRAM

1NFORMATION

153010 Fon

508°C.11-2863

Sote & Hé” fong, |z wn

== AR]-M-5]1-C3




AREA/RATIO PEESSURE

DREOP - YOLUTE VYALYVE '
A REEA EATIO
Al/Ae 1.45
A2/AL 1.60
A3/ AL 4.10
Ad/AG 1.90
A5/A& 1.00
A6AS /.00
AT/ARI .56
A8/A/ .4a
AYA) .33
"Al0jAr 21
Allfal .14
AlZ/A 1 .00

INLET DESIGN

t- 2%p, = o.<40
2(Dg/oH > J.16
3 o' a S°

VALVE SEAT PESIGN
~2r0g a 016

LOyly = 120
|
Ds
b
h
A
Al = e .
AZ

OFRPEN FLOW ARER
A3 1”1

N ITEAINEL

VALYE SI1ZE  10.0 Mvia CONFIGURATION
VALYE LOCAT I10MN3 cve i lcv"e cs70 1 cv®S | eviz cv*3
Dg THROAT O/AMETER| 14.004 " 15.00'% 2 3% 20.00% | 20.00" | 20.00 ‘¢
PMAR LFT [ THEORT /A 0.4 ez C 5.4 - C. 8 0.4 o-4
NO OF VALVES <4 ' q 2 "z TN 7 _
1
e —————
R ——
8
]
VALVE SIZE 5S0MWg CONFIGUEAT/ION
Wi wE tnc@TInAS ey U Cyvein [ e rvds
Ds, THEOAT DIAMETEL a32.00¥| 22.004 | 22.00% 32.00F |3200% 32.“7
MAX LIFT) ¥ EIRT /A 0.4 0.4 0.4 0.4 0.4 o.4
NO OF VALVES < 4 - 4 4 4 2
Y Lons Yarr 314 _veeis
THERMODYNAMIC ENGR
METALLURGICAL ENGR
e |G lns  [MECHANCA (nGa
— MANUFACTURING EnGR
- — -—— FCONTIROL ENGR
T SN PROJECT EMSR
2718 | 0 ORAFTING WGR
[+ -2 '8 | L iaqmans, JLATOUT DRAFTSMAN
s S Jwer ] B Jowir ] SU0 2 o [l 5682 Juar f 30 ] sature Jarewoveo v . .
Westinghouse Electric Corporation ) RSUL DAt
STEAM TURBINE DIVISION, LESTER, PAL USA
NPUCATIOR g
OTEC ®) LIG UID AMMOLIIA LAYOUT NO.
CONTEZL VALVES 746\}479
AArTvieo o LA scALE -u@ fcoot ma  Jorsm. cooc 399 1ag 000 fsuerr 1 o 376




AREA/PATIO PRE SSURE
DROP-VOLUTE VALVE

AR ERA EATIO
AljAG Ltas
A2/A6 160
A3/A6 4.10
Ad/A6 190
AS5/Aé 100
Ab/AS rLoo
AT/AI .56
AB/A/ .44
A9/A/ .3
Alo/Al .2l
AlLJAT .14
Ar2/A1 .0

TURBINE BYFASS VALVE Si1Z&

CONEIGURATION

10.0Mwe

SoMwe

Dy , THROAT D/AMETER

MAX LIET/ TN ROAT /4

2000%{45.00'Y |

o.4

9. &

NO. oF VALVE S

4

4

[ A4 D2

INLET DESIGN
I1- 879, e 0.40
+(P2/P) = /.16
3o

D SEAT CONTACT

VALVE SEAT DESIGN

» R)Dg

Py

o.L6
®-L20

SSECT/ON _A-A

—
i
[ 4
N
. N .
!
AL -{
e ]
—

_»| OFEN FLow Area )
A3y IN STERINER .

1

-~

APF 3§ VEEIF

THERMOUYNAMIC ENGR.

- JMETALLURGICAL ENGR.

by o= 'czz t MECHRANICAL ENGA.

— ——— JCONTROL EMGR.

0CT EnGR

oyl
718 A2 s LJDRAFTING MCR,

T T
IR Iy T

LAYOUT DRAFTSMAN

R E R

sus 2
LO8 W8

Westinghouse Electric Corporation
STEAM TURBINE DIVISION, LESTER, PA. USA.

suB |
LUN ety SIGMATURE  JAPPROVED BY:

o o

%0AAIZ3100  Jowa Lo sout - fooot ma

or&c "rueRBIIE BrFhss
VALVES AMMINIA VAPOE

TAYOUT'NO.

746J430

Jorstm. coox - (#8050 swery 5 o

377






