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F0STEn hHE/.;;L)!.i( Tl,Il'Lb hl'FECT DISTILLING UNTI 

This i6 a tripl~ effect, low pressure, sUbmergen tube distilling or ev~porat­

ing plant and consists "rimdrily of three boilers or shells cont~ining in their 

lower sectiens a series of tubes, through steam passes and in passing gives up its 

heat to the sea water that covers them causin€', the water to boil. The steam thus 

creat~d by this sectiun is called v~por and, in its condensed form, distillate, 

rather thun steilIll and condensate. This vapor risin£ to upper part of the shell in 

the 1st ~~d 2nd effects comes in contact with another but smaller series of tubes, 

through which the feed water flews, pre-heating it before it enters the shell pro­

per. In the 3rd Effect the risinL vapor enters the Distilling Condenser, located 

in the upptr part of the shell, where it is condensed into distilbte. 

In its condensed form this vapor becoQes fresh water; the various minerals 

and impurities, ori[inally cont:.>ined in the sea water, having been left in the 

bottom of the shell from where they are pWil;.>ed over the side in the form of brine. 

The oriGinal source of huat is either live ste.Jl:t from th" boilers or exhaust 

steam from the Low FressurG Turbine but in either case it is reduced to 5% psi 

before (mtering the 1st Eff8ct Tube Nest Header. llftel' pCiSSing through the tube 

nest the condensate is returned to the boiler feed water syst~m through the DC 

Heater. "side from the live: steam used to operate the i,ir Ejector, this is the 

otlly place 'chat boiler steam is used in the plant. 

Instead of condensing this vapor from the 1st Effect Shell back into water 

and thereby wasting the BTU's that it contains, it is sent irlD the 2nd Effect 

Tube Nest Header where it fives up its heat to the sea water in the 2nd Effect 

Shell ther~by creatinf enourh valJor to operat" the 3rd Effect in the same manner. 

In its passage throu!;h the 2nd anG. 3rd Effect Tube N"sts the vapor exchanges 

its heat causin[ the sea water to vaporize and itself to dondense. It now passes 

through drain r~eulators, Which are merely float operated steam traps, through the 

flash tanks, to the Distilling Condenser Condensate pump, to the Test Tanks and 

from there distributed to the various fresh water storage compartments by means of 

the Fresh Water ['Will'. 

Sea water is put through the system by hleans of the Distilling Condenser Cir­

culating Water Pump which Jischar[es throueh the Distill"te Cooler to the Distill­

ing Condenser. after leaving the Condenser about 85% of this water is discharged 

over the side While the refiuining 15% is picked up by the Evaporator Feed rump. 

The evapor:J.tor Feed pump discharges through the hir Ejector • .Iter Condenser 

to the 2nd and 1st Effect Vapor Feed H~ater5, respectively, where, as the name im­

plies, it is pre-heated by the vapor in the shell before entering the 1st Effect 

Shell. 

w~en sufficient water has entered the 1st Effect Shell, instead of closing 

the feed check valve to this Effect, the surplus is allowed to enter the 2nd 

Effect Shell and then in turn, the 3rd Effect Shell. 
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The Feed water having ~assed throu£h each Effect, carrying with it the im­

l'urities remainine froLI the uistillin[ precess in the ~r"vious Effect, finally 

reaches the 3rd Effect Shell an(, from there it is pumr-ed over the side by the 

Brine pump. 

Do not assume that the 2nd anJ 3rd Effects are apraratus to further purify 

the vapor after it has left the 1st Mfect. Vlith the plant operating correctly 

each effect will produce fresh water. The additional Effects are for the purpose 

of utilizing the heat value cont~ined in the vapor, produced in the preceding 

Effect, thereby brinfinc this tY}le of Evaporator to a point of efficiency where 

it will p,-oduce 3HCrCXlJ.I'ltely 2! pounds of distilled water fer pound of sterun as 

compared +,0 ~. Single Effect Eval aratorTs average of slightly less than 1 pound of 

water pc:, pm.l..Yld of st8am" 

FUlJCTION:::; OF THE Vill,IOUS FUJ{t'S 

1. DI:::;TILLII~G CGNDENSEtc CIliCULhTING \l"TEh HJML 

; rvvic.es sea water to condense and cool the distillate and sUPFlies 

foee: water for the Evaporator Feed Fump. 

2. EV"i Oit, ,rOlt FEED llJl.ir. 

Takes sea wlter fro!;, the Distilling Condenser discharge line to feed 

the Evarorators. 

3. BhINE i Ulv1:L- • 
Discharges the brine from the 3ru Effect Shell over the side. Also 

used when shocking tubes to drain the 1st and 2nd Effect Shells 

independently. 

4. DIS'l.'ILLli~G COND1N:::;J;;J, CONm:r'SJ,TE ,UNI • 

Takes the l.istilhte from the 3rd Effect Flash tank and the Distilling 

Condenser and discharges it into the Test Tanks. 

5. FliliSH li,<T1Ih I UBi'. 
Distribtctes th" .:istillate froEl the Test Tanks to the various storage 

COTIlr·artlilent s .. 

6. TUBE HES1' Dl"'I':·: : j1'; • 

heturns the c(,m~"nsate fron the 1st Effect Tube Nest to the boiler feed 

water systen throuch the DC H6ater. 

1. Test all pUL1PS to ["ilke sure they will operate when needed. 

2. The following valves must be open befure starting the plant: 

<1. Sea Suction. 
b. Dischar£e fror~ Distillinf Condenser Circulatin" Water I'ump. 

c. Discharge frota Distilling Condenser. 

d. Overboard discharge. 
e. Suction and Discharge ~rom Eva~orator Feed pump. 

f. 3rd Effect Shell discharge to Brine p~~p. 
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g. Vent to Brine punp from 3rci Effect bhell. 

h. ,,11 vents on Vapor Fetd Heaters an':: Distilling Condenser heads. 

i. ,,11 vents on Tub" Nest Heaciers. 

j. Both valves in the 1st Effect Tube Nest return line - one at the 

DC Heater, the other at the Drain hOEulator. 

k. Feed stops on the 2nd and 3rd Effect Shells. 

1. Either drain to bilge or return to Double Bottoms frGm "ir Ejector 

Condenser. 
m. Brine pump discharEe. Do not open until ready to start the pump. 

3. Check 1st and 2nd effect Shell Drains to Brine pump and make sure they are 

clGsed. 

1,_ Start Distilling- Condenser Circulatinc Water "ump. 

5. Start Evaporator Feed pump. 

6. Clos',' vents in V:1pur Feeci Heaters an;l Distillin£ Condenser Head so that 

th8r8 i.8 only 0 tr-lc1.de of water being discharged. 

7. Open Fueci val"e to 1st Effect. wnen 5 inches of water shows in the glass, 

open 2nd Effect Check valve and allow water to rise to the same level, 

then open 3rd Effect Check valve. vlhen water has come to 5 inches in this 

shell open Brine Overboard discharge valve and start Brine pump. 

8. "djust Brine pump overboar,l valve so that the water level in the 3rd Effect 

remains constant. 

9. Notify En§:ine hGOr.1 to open steam to Air Ejector. 

10. Start the hir .!;jector. Drain the steam line before putting pressure on it. 

11. Start the 'fub" Nest Drain punlp. 

12. Fut StEJar:t on t.2'!c pJru't by openinf the Stop valve on whichever unit is to 

be operated. 

13. VJhen clistill",": .. ' .'.,' mrs in the 3rc Effect Drain hegulator glass, start the 

Distilling Cor;':ls" Ccmdensate pump. 

14. Close vents on Tube "lest Headers to a cracked open position. 

15. The plant is now rro;1ucin" an':; the Distillate is entering the Test Tanks. 

Open the Tust Tanl, .llNtin valve to the bilEes and allow this vater to flush 

out the tanks u11til such time as the Salinity Indicator indicates that the 

plant is producinE water of the proper puOity for which it is to be used. 

This will be 1/10 grain per gallon for Boiler Feed ancl up to 2 g.p.g. for. 

DrinkinE purposes. Note that at the present time the Salinity Indicator 

reaclings are about 3/10 e.].'.g. less than a chemical test. 

01 fu",TING NOTES 

1. Haintain ~ psi on st"am to air Ejector. 
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2. If it becG!:les necessary to cOliipletely close the 1st Effect Feeel valve open 

;lir Ejector Condenser Leak-Off v,llve, located at the 2nd Effect Vapor Feed 

Heater Inlet, Se as to insure suffici~nt circulation of water through the 

above-mentione,: Con'lenser. This will preTcnt steam being blown to waste 

through the vent pipe. Under normal operJ.ting conditions this valve 

should be completely closed. 

3. Open all vents on Vapor Feed Heaters anc\ Distilling CGndensser Head when 

startinE up to rrevent them from becoming air-bound. ;,fter air has been 

vented close valve so that only a trickle of water issues. 

4. ~ll vents on Tube Nest Headers should be opened wide on starting up. 

Jlfter plant is in operation for a short ime close to a cracked open posi­

tion. Jldjust these vent v3.1ves so that the difference in temperature bet­

ween the Supply Steam and the Drain return on each Tube Nest Header is as 

follows: 1st Effect 50 2nd Effect 100 to 15° 3rd Effect 200 to 30° 

5. Make sure that the 1st 3.nd 2nd Effect shell Drain valves are closed and 

the 3rd Effect Drain to Brine pump is open before starting up, 

6. Keep ! glass of water in 
blOWing steam to waste. 
tor is dry. 

the 1st Effect Drain hegulator in order to avoid 

Desuperheater line will not work if this hegula-

7, Keep 1st Effect Sup} ly SteaLl below 2400 and preferably at 2300 by means of 

the de superheater line, to prevent hard scale froa forming on the tubes, 

8. Vent to Brine pump, located in the center of the 3rd Effect Shell at the 

after end should reElain open while p=p is operating, 

9. Brine Overboard valve should be closed as much as ~ossible without 

allowing brine to reach a higher concentration than 1.5/32. Open the 

overboard valve to reduce concentration. Close to increase. 

10. Vacuum in 3rc Effect Shell shoulcl be maintained at 26~1I. Control this by 

means of the Distilline: Condenser discharge valve. Open valve to in­

crease vacuum. 

11. Temperature of Feed ~""te,, entering the 1st Effect Vapor Feed Heaster 

should be about 158', TelIlperature will vary with the amount of water fed 

to the 1st Effect ,";'1811. Slow feed, hiEher tempcr3.ture - fast feed, 

lower temperatvre, 

12. If Fresh Water 1"': ,[ ,loes net show a discharge pressure upon starting up. 

itis probably air·-"clmG. Stop the pump and open the pet cock in the top 

of the impeller ca";:,1[. vlhen air has diSCharged an a steady stream of 

water appears, clc", oet cock and start the pump. It is, of course, 

assU!:led that there is w'l.terin the Test Tank and that the various valves 

are linw up properly. 

13. Do not cpen valves in Discharge line from Brine pump unless pump is oper- " 

ating. If check valve in this line fails to wurk while pump is cut out, 

sea water will fleoC: the system. 



14. For Drinking or Wash Water up to 5 grains of s~lt per gallon it is possi­

ble to carry the water at a consicerably higher level. The higher the 

water level carried, the creater the capacity of the plant. 

15. b • .LINITY INDIC"TOh. 
If the Ii1 cell cen ill plant cer Ii1 cell on #2 plant registers a high salt 

content, it will indicate a leaking tube in the Air Ejector Condenser and 

the condensate nny be drained into the bilge rather than to the Double 

Bottoms without either affecting the operation of the plant or contaminat­

ing the Boiler Feeu Viater. 
If #6 on #1 plant or #4 on #2 plant is too high there is a leak in the 

1st Iffect Tube Nest. Notify the Engineer on watch and, if, in his 

opinion the contamination is too much, the plant will have to be shut down. 

If Distillate in Condenser and Tube Nest Drains in 2nd and 3rd Effects 

show a correct reading but Distillate to Cooler outlet reads high, there 

is a leaking tube in the Distillate Cooler. Send the Distillate direct to 

the Test Tank by by-passing the cooler. 
If it becomes necessary to bypass the Distillate Cooler, the Salinity 

Indicator cell #1 will still be used to indicate the quality of the final 

distillate but the Compensator will have to be set to the temperature on 

the Cooler Inlet thermometer instead of the Cooler Outlet. 

SECUhING THE i-1JiliT 

1. Notify the Engineer on watch that plant is about to be secured. 

2. Secure hir Ejector. 

3. Close 12 lb. stoma to 1st Effect. 

4. Stop Tube Ne st Drain fur,lp. 

5. Open all Tube Nest Header vents wide. 

6. Stop Distillin£ Conu,mser Conclensate pump and Fresh Vlater pump. 

7. Keep the following puraps runnin£ for about 15 minutes to cool off the 

plant: Distilling Ccnclenser CirculatinE Viater, Evaporator Feed and Brine 

pumps. Fill each glass full on each effect. 

8. Clvse Sea Suctic'l "1U Overboard Discharge valve. 

SHOCKING AND bECUhING 

1. Open idr Ejector Cc,nuenser Leak-off V"lve. (1" v"lve in the Feed Water 

line at the 2nd Effect Vapor Feed Heater inlet) 

2. Close Feed Check val--cs to all 3 Effects. 

3. Secure ;"ir Ejector, both varor anu steam lines. 

4. Shut down Evaporator F8eu pump. 
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5. Pump out 1st Effect, c.llow tubes to thorou[hly heat, pump out and repeat 

as necessary tv free scale. 

6. Notify Engineer on watch and secure lhin Steam Supply to plant. 

7. stop Tube Nest Drain PUr:1P, Distilling Condenser Circulating Water and 

Distillate Cunclensate pumps. 

8. Open all vents on Tube Nest Headers. 

9. Secure Sea Suction and Overboard Discharge valves. 

10. hemove clean out plates on all effects. Hake out scale that has cracked 

off the tubes and flush out Shells with fire huse. 

11. Open up and clean out all strainers. 

, 
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urJ¥:nTING IN~ThUC'£JGNS; MaIN "It. C{Jl,DI'£IONING UNIT 

Sf,.hTING 

lAo Charge the Chill vlater line by filling the Sal)e from the Auxiliary Con­

densate pump c;ischarge until the line overflows from th", overflow line. Use 

caution in filling 60 v~cuum is not lost from the huxiliary Condenser. 

1. Line up the Condenser Salt Wa.ter Circulating System and start the pump. 

The discharge ~ressure should reeister 10 or 12 lbs. 

2. Line up the Chill \~ater system and start the pump. Do not ex.aed 80 lbs. 

pressure. 

3. Start the Auxiliary Oil ~ump on the panel board. Determine that the 

pressure reeisters 5 or 6 lbs. The iIlllber light on the board will ge out. 

Push the start button and hold for several seconds until the Green light 

appears, then release the push button. The}reen light should remain on. 

4. Determine that the Steam Turbine Casing Drains are open. Drain all 

condensate from the steam and exhaust lines. 

5. Set the turbine trip and regulator. 

6. 3et the manual throttle/or steam stop valve to minimum. 

7. Open the throttle valve slowly until the turbine starts. Allow the 

turbine to idle slowly long enough to warm up, by using the speed 

regulator. When the unit is warm and all condensate has been removed 

from the steam lines, close all the drains and bring the unit up to speed. 

NOTE; The overspeed governor is set at 44¢¢ R.P.M. 

S. Do not exceed 440~ R.P.M. Use the governor control for this adjustment. 

9. Do not allow the turbine to cycle in excess of 25 lb. differential on 

the nozzle block. 

l~. Adjust the speed control to control the cycling as instructed in 

item 9, but maintain adeouate speed to continue lowering the Chill Water 

Temperature until the set limits are maintained. 
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USNS GENERAL JOHN POPE (T-AP ll¢) 

OPERATINJ INSTRUCTIONS: JflAIN AIR CONDITIONING UNIT 

RUNNING: 

1. Do not allow the turbine to surge/or cycle. Control this with the 
~overnor control. 

2. Watch the head pressure guage on the Control Board. This will vary 
with the load and temperature of the Condensor water ranging from inches 
of vacuum to 15 1bs pressure at which point the high head pressure limit 
switch will cut out and shut down the unit. 

3. ;fatch the vacuum or low side pressure guage. 'rhis will range from 5 
inches of vacuum to approximately 19 inches of vacuum depending on load 
conditions. 

4. \<latch the center oil pressure guage. This will rise to approximately 
10 to 12 1bs., then the auxiliary oil pump will cut out automatically and 
the red light on the panel board will go out. 

5. Watch the compressor line shaft bearing next to the coupling. The 
nonnal running temperature should be from 1¢¢0 to 12¢0 F. Nonnally e~roessi ve 
load conditions will raise the temperature higher. 14¢Op and above is a 
sign of trouble; locate and correct the trouble or secure the compressor. 

6. \iatch the compressor thrust bearing temperature; nonnal running temper­
ature is 6¢QF to 8¢°F. 

7. Haintain 10 to 15 lb. lube oil pressure on the turbine. 

S. llaintain the lube oil temperature on the turbine between ll¢o and 12¢Op. 

9.,fuen the pin nears the red hand on the Bristor Recorder the turbine will 
start to throttle and in turn will surge/or cycle. Do not ~eed 25 lb. 
nozzle steam pressure differential; use the speed control to accomplish this. 

l¢. Maintain the hourly 10; as provided. 

~: l'ihen any limit switch cuts out, it will trip the turbine governor and 
the green light on the panel board will go out. It is not possible to get 
the unit started again until you push the start button an the panel board 
and the green light is lit again. If the green light will not stay an, 
locate the limit switch that is open and wait for the reset point. Do not 
attempt to start the turbine until the green light is lit. 
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USNS GENERAL JOHN POPE (T-AP llQl) 

OPERATIN;} INSTRUCTIONS: HAIN AIR CONDITIONING UNIT 

SECURING: 

1. Manua.lly trip the turbine governor. 

2. Secure the throttle valve. 

3. Open all atmospheric casing and steam line drains. 

4. Secure the water to the lube oil coolers. 

5. As the compressor slows down the center oil pressure oil guage will drop 

to 5 or 8 lbs. pressure and the red light will appear. This will indicate 

that the auxiliary oil pump is back in circuit and will maintain oil pressure 

on the compressor until the unit stops. 

6. When the unit has completely stopped, and ONLY THEN, turn off the on 

and off switch. The red light will go out and the seal on the compressor 

will close. The oil pressure guage will drop below zero. 

7. Check the seal on the compressor to be sure it is closed. If the seal 

is not properly closed air will leak into the system. 

8. \lilien the unit has come to rest, stop the awdliary oil pump. 

PURGE UNIT: 

1. This unit is fully automatic and will take care of itself. 

2. The Purge Unit can be shut off and on by a switch marked Purger on the 

panel. The white light lit indicates that the Purger is on. It should 

operate all the time the unit is in operation. 

3. When the unit is secure the oil heater will go into circuit and is 

indicated by an amber light on the panel. 

4. Secure all sea valves. 
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USNS GENERAL JOHN POPE (T-AP ll¢) 

AIR CONDITIONING COMPRESSOHS 

OPERATING INSTrlUCTIONS AND SAFETY PRECAUTIONS 

The infonnation furnished hereon was furnished by Mr. Jack Doyle, iiorthington 

Corporation Service Representative: 

1. TE~T OF UNI'r BEFORE STARTING: AFTER A PROLONGED SHUT DOWN. 

a. If the chill water and the refrigerant temperatures are in close 

relation (one (1) degree maximum differential) this will indicate very 

little air in the system. If the air accmnmulation is excessive, check 

for leaks with the Halide Torch. If necessary, to get the unit running 

due to shaft seal leakage, first start the oil pump (this will seal the 

unit). Then start the circulator and compressor. Just crack the drain 

on the water leg of the purge unit, which will assist in removing the air 

and moisture from the system. 

2.ro rEST FOR REFRIGERANT LEAKS IN THE SY3TDi IJI'm THE UNIT SHUT DOWN. 

a. Run wann water thru the evaporator (water from an outside source). 

This will start the Freon 11 to gassif.1 and build up a pressure in the 

evaporator. Do not exceed 5 lbs pressure in the evaporator, then test 

for leaks. 

NOTE: Excessive air in the system will displace the gas and cause 

eJlCessive heating of the compressor. This excess air, if in 

sufficient quantity, will displace the gas entirely; as air 

is lighter than freon 11. 

3. Maintain l2~ degrees F. maximum temperature on sump oil. Excessive oil 

temperatures will result in carbon deposits within the oil piping and 

filters. 

4. Clean the lube oil filters once each week (minimum) by turning the plug 

cock to position nB", drain the filter casing and remove the filters. 

NOTE: In replacing the filter cover, particular attention i6 directed 

to a perfect or undamaged cover plate gasket. 

5. To add oil while the unit is running, remove the plug in the atmospheric 

side of the float trap. 

6. SAFEfY PRECAUTION: Do not allow the refrigerant temperature to go 

below 3SoF. 
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