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MATER TBEAXHEST IN THE EHt-II STEAM STSTEK

Gcnplled by

Matthew A. Klein and Howard Hurst

ABSTtACT

Boiler-water treatment in the EBJt-II steam system

consists of deminerallzlng makeup water and using hydra-

ztne to remove traces of oxygen and vorphollne to adjust

pH to 8.8-9.2. This treatment Is called a "iero-solids"

method, because the chemical agents and reaction products

are either volatile or for* water and <io not contribute

solids to the boiler water. A continuous blowdown is

cooled, filtered, and delonized to remove Impurities and

maintain high purity of the water. If a cooling-water

leak occurs, phosphate is added to control scaling, and

the "zero-solids" treatment is suspended until the leak

is repaired. Hater streams are sampled at six points

to control water purity. Examination of the steam drum

and an evaporator show the metal surfaces to be in ex-

cellent condition with minimal corrosion.

The EBR-II steam-generating plant has accumulated

over 85,000 hours of in-service operation and has oper-

ated successfully for over ten years with the "zero-

solids" treatment,

i . xHxsooacnm

The Experimental Breeder Reactor Mo. 2 (EBK-ZX) is a heterogeneous, un-

moderated sodium-cooled reactor with a design full-power rating of 62.5 SWt

and 20.0 MWt electrical. Wet-critical operation was achieved on November 11,

1967. The approach to power was begun in July 1964. As of the end of 1974,

the cumulative amount of thermal energy that had besn produced by EBE-I1
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exceeded 2 billion kKh.

This report presents the operating experience with ttie water-treatment

system from more than ten years of successful operation of the EBR-II steam-

generating system.

The type of water treatment employed at EBR-II is not unusual nor is its

use by the industry, but is unique in that it has been successfully used over

ten years with a liquid-metal-cooled fast breeder reactor with a «ininum o£

problems and no serious incidents.

For a general survey of experience with the steam system, see ref. 1.

II. DESCRIPTION OF STEAM SYSTEM

The steam system at EBR-II removes heat from the secondary sodium system.

Heat produced in the primary-SuiiiuM liystem is removed by the secondary-sodium

system in the intermediate heat exchanger (IHX) and transferred to the steam

system via the evaporators and superheaters of the steam generator. The

principal requirement of the steaa system is to provide a relatively constant

evaporator saturation temperature of about 580°F for all power levels of reactor

operation, with or without the turbine-generator in operation.

The steam generator uses the heat delivered by the secondary sodium to

produce superheated steam at 820°F, 1250 psxg.and delivers 248,000 Ib/br (when

the reactor is operating at 62.5 MWt) to a conventionally designed turbine

generator to produce a maximum of 20 MVe.

The steam system consists of six subsystems; (a) Steajr generation and

distribution; (b) Condensate; (c) Feedwster; (d) Blowdown; (e) Makeup water;

and (f) Cooling water.

Figure 1 is a simplified diagram of the flow of water in the steal t system.

A. Steam Generation and Distribution

This system (Fig* 2) consists of a steam generator, which extracts the

heat from the secondary sodium and produces superheated steam at 820"F; a tur-

bine, which uses the steam to power a generator to produce electrical power;

and a steam-bypass system, which dissipates excess steam directly to the con-

denser. The steam generator consists of a steam drum with moisture-separating

components; eight shell-and-tube recirculating evaporators; and two shell-and-
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tube once-through superheater*.

B. Water. System

Because the EBR-1I steam system is closed, makeup water is added only to

replace losses froa leaks. The streams treated are makeup water, feedwater,

and biovdown. These and other streams are sampled and analyzed at all stages

of reactor operation and during shutdowns. Normal water conditions are given

in Table I.

1. Condensate

The condensate system {Fig. 3) consists of a main surface con-

denser that condenses the steam; a desuperheater to temper bypass steam; an

air ejector that removes air and other noncondensable gases from the condenser;

condensate pimps that circulate the condensate; and a condensate-storage tank.

The main surface condenser is a tube-and-shell exchanger connected to the ex-

haust outlet of the turbine. Cooling vater flows in the tube side and removes

heat from the turbine-exhaust steam or bypass steam circulating in the shell.

The desuperheater tempers the bypass steam before it enters the condenser

shell. The condensate collects in the condenser hotwell and is used as a

continuing supply of feedwater. The condensate-storage tank receives deminera-

lized makeup water from the makeup-water system and excess water from the de-

aexator-feedwater heater No. 2. It feeds the water to the condenser hotwell

when the water level is low in the well. Two centrifugal pumps, one operating

and one on standby, pump condensate from the condenser hotwell through the air

ejectors and blovdoun cooler to the feedwater heaters.

2. Feedwater

The feedwater system (Fig. 4) consists of four feedwater beaters that

incrementally heat condensate from 109* to SSO'F for charging to the steam

generator, and three feedwater pumps to circulate the water. Feedwater heaters

Nos. 1, 3, and 4 are shell-and-tube type heat exchangers; feedwater heater No.

2 is a direct-contact tray-type, vertical deaeratlng heater with an integral

storage tank. Only one feedwater punp is used at a time. The startup pump,



TABLE I. Normal Mater Conditions in EBR-II Streams

Content, ppn

pH, average

0 2 , ppb

Kydrazine

m3

Cl

Cu

Fe

Horpholine

SiO2

Total Hardness

Ha

Condensate

8.8

—

—

0.3-0.8

<0.01

<0.05

<0.01

2-8

<0.05

<0.05

<0.01

Blowdovn-
denlnerallzer

Effluent

8.0

—

—

n i l

<ffl.01

—

—

n i l

—

<0.05

<0.01

Blcvdovn

8.8

—

—

0.3-0.8

cO.01

<0.05

< 0.01

2 - 8

<0.05

<0.05

<0.01

Feedvater

8.9

< 5

0.01-0.03

0.3-0.S

<0.ffll

<0.05

<Q.«W

2-8

<0.05

< 0.05

<0.01

Steam

8.9

—

—

0.3-0.8

<0.01

—

—

2 - 8

<0.05

<0.05

< 0.01
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a positive-displacement plunger-type pump coupled to a 75-hp gear motor, is

used during low-demand conditions and vlll supply 30,000 lb/hr at 1300 psig.

When demands exceed 30,000 lb/hr, one of a pair of motor-driven Multistage

centrifugal pumps supplies feedwater. Normally, one pump operates while the

other remains on standby. Either pump has sufficient capacity to supply the

feedwater demand at full reactor power.

3. Blowdown

The blowdown systeii (Fig. 5) removes dissolved solids that build up

in the steam drum. These Impurities enter the steam drum with the feedvater

and, because they Mill not carry over with the steam, collect in the steam drum.

The blowdown system consists of flash tanks that convert much of the water to

stean, coolers that reduce the vater temperature* filters to remove participate

material, and a deminerallzer to remove dissolved impurities. Most of the heat

loss of the blowdovn water is used to heat feedwater.

4. Makeup Mater

The makeup-wacer system supplies demfnerallzed water of very high

purity to the condensate storage tank to compensate for steam-system losses.

Denineralized makeup water of lower purity 1* also supplied to the

auxiliary boilers and other systems of the EBR-II.

5. Cooling Water

The cooling-water system supplies water for heat transfer to the main

condenser and to other EBR-II components. It consists of three cooling-water

systems—the condenser,reactor auxiliaries system, and the plant—and two

cooling towers. Cooling-water makeup Is raw well water.

III. TREATMENT OF MAKEUP WATER AND BLQW0W

Treatment of these two streams is similar in that they are both passed

through ion-exchange beds to remove dissolved solids.
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A. Makeup Water

The treatment system for makeup water supplied demineralized water of

very high purity to the condensate-storage tank to compensate for losses.

The raw water for the treatment is well water, an analysis of vhich is

shown in Table II. The principal cations are calcium, magnesium, sodium, and

potassium. The principal anlons are chloride, snlfate, nitrate, and carbonate.

The silica is present probably as very weakly ionized metasilicic acid.

The treatment system consists of primary and secondary destoeralizers

and regeneration equipment.

1. Primary Demineralizers

The primary demineralizers remove most of the dissolved minerals

from the incoming raw water, producing demlneralized vater of relatively high

purity for the influent of the secondary mixed-bed makeup demlner?lizers.

The demlneralizer system is composed of two cation exchangers, a

degasifier, two anion exchangers, and associated piping and equipment. The tvo

cation and two anion exchangers permit uninterrupted demineralizing service.

While one pair of cation-anlon columns is in normal service, the alternative

pair is regenerated and put in standby condition. The maximum service flow

rate for each cation exchanger is 56 gpm and that for each aniori exchanger is

42 gpm. If more than 42 gpm of demlneralized water is required, the columns

can be operated in parallel for a shore time, until all columns are depleted.

The columns are kept in service until 50,000 gal pass through the anion column

or a breakthrough occurs. The pH and conductivity of the effluent from the

anion column are continuously monitored.

2. Secondary Demineralizera

The secondary makeup demlneralizer system consists of two mixed-bed

demineralizers and the associated piping. These demineralizers "polish" part

of the effluent from the primary anion column to produce denlaeralized vater

of very high purity for makeup Co che power-plant condensate system. "Polish"

means removing small amounts of ionic impurities that leak, through the primary

demineralizers. In the mixed-bed demineiraiMzers, each column contains a

homogenous mixture of cation and anion resins. The effluent from the deminer-
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TABLE II. Analysis of EBR-II Well Water

Constituent Aaount, ppa

Calcium 30.0
Magnesium 12.0
Sodiiai 7.0
Potassium 4.0

Total Iron < 0-005
Manganese < 0.005

Chloride 11.5
Sulfate 12.5
Nitrate 4.7
Bicarbonate 131.0
Carbonate 3.5

Free Carbon Dioxide 6.7
Silica 32.5

Total Hardness as CaCO. 123.5
Total Electrolytes
Except S10-, *s CaCO. 142.0

pH 7.85
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alizer in service flows to the SQOflHgal condensate-storage tank to provide

aakeup water on deaand to the condensate system.

The mixed-bed columns have a service life of about 5,000,000 through-

put gallons (about five years of service). Breakthrough is indicated by the

effluent conductivity Increasing to above the allowable mntiwm of 1.0 micromho/

cm.

3. Startup and Operation

the aakeup dealneralizer system is started up by placing a. cation

coluan, the degas^fier, an anlon column, and a Mixed-bed coluan in service to

supply the condensate storage tank. The alternative columns are placed in

standby, the system nomally is in continuous operation.

4. Regeneration of Columns

the resins in the demlnerallzer columns arc regenerated by acid or

caustic.

The coluan resin is first treated with a salt solution to effectively

load the anion resin with chloride aci the cation resin with sodium. When the

two resins are completely loaded, the cation resin will be much wore dense than

the anion resin, and the two will separate more easily during the backwash.

Next, the primary deatnerallzer colums are backwasbed by upward passage

of water to expand the resin bed and wash out any suspended solids carried into

the bed by the influent raw water. The cation columns are bsckwashed with raw

water, anlon columns with cation-column effluent. The backwsshlng rate must

be carefully regulated so that the upward flow is enough to properly loosen

and clean the resin bed, yet not excessive so as to carry the resin out of the

column.

Sulfuric add is used to regenerate the cation resin. A 20Z solution

is prepared by diluting concentrated acid in * mixing tank. The solution is

drawn from the mixing tank and injected into the line going to the cation ex-

changer by a water eductor, which operates on deaineraUxed water from • primary

anion exchanger. The water that operates the eductor, together with a water

stream bypassing t»e eductor, further dilutes the acid solution. Flow rates

of 20Z acid solution and dilution water are adjusted to give the desired strength

of regenerant acid solution to the cation exchanger. The cation regeneration
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is performed with regenerant acid of txto different strengths. About 40Z of

the total amount of the sulfuric acid is injected into the cation exchanger as

2-3 solution. This two-step regeneration prevents deposition of sparingly

soluble calcium sulfate in the resin and a resulting decrease in exchanger

capacity. The first dilute-acid regenerant removes the bulk of the calcium

ions fron the bed as a very dilute solution of calciun sulfate; the sulfate ion

concentration is low enough that the solubility of calciun sulfate is not likely

to be exceeded. The second, stronger, acid solution completes regeneration of

the resin without danger of calclun sulfate deposition. After the acid solution

has been injected Into the cation exchanger, the flow of dilution water is con-

tinued for a predetermined length of tine to permit displacement of the acid

downward through the resin bed.

After the displacement step, the cation exchanger is rinsed for

thirty ainutes with raw water at maximum flow, until the excess regenerant

acid has been rinsed froa the resin. After the rinse, the exchanger is ready

for service.

Sodium hydroxide is used to regenerate the anion resin. A 20Z caustic

solution is drawn by gravity from the caustic storage tank and mixed with de-

aineralized water in a mixing tank. This caustic solution is further diluted

to a concentration of 5 to 72 NaOH and injected into the anion exchanger by a

water eductor operating on demineralized water. The dilution water is preheated

by passage through a steam-heated exchanger to maintain the temperature of the

diluted NaOH solution at 90 - 120*F. The regenerant is heated to insure removal

of the silica from the anion resin during the regeneration.

After the caustic has been injected into the anion exchanger, the

flow of heated dilution water is continued so as to displace the regenerant

caustic downward through the resin and complete the regeneration.

After the displacement s^ep, cation-exchanger effluent is passed

through the anion exchanger until excess caustic has been rinsed from the resin

bed and the effluent conductivity matches a specification of about 20 micromhos/cm.

5. Effluent-water Quality

Table III shows the effluent specifications.
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TABLE III.Specifications for Water from the Makeup System

Column

Primary
Anion

Primary
Anion

Primary
Anion

Secondary
Mixed-bed

Secondary
Mixed-bed

Secondary
Mixed-bed

Secondary
Mixed-bed

Analysis

pH

Conductivity

Silica

Sodium

Silica

Chloride

Total
Hardness,
as CaCOL

Soeci££cat£on

7.8 - 8.8

20 micxomhosfcm

ffl.©5 ppm (max)

Kone specified

0.01 ppac Coax)

0.01 pp« (max)

0.05 ppm Cmax)
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B. Blowdown

1. Treatment System

The blowdovn denineralizer system continuously removes impurities

froa the steam-drum blowdoua to maintain high water quality in the steam

system. It consists of tvo mixed-bed demineralizer columns, two inlet filters,

two outlet filters,and associated piping and equipment.

During normal operation, one inlet filter, one demineralizar column,

and one outlet filter are in operation, with the parallel units lit standby.

When a demineralizer column becomes depleted (efficient conductivity

greater than 1 microraho/cn) the standby column is placed in service and the

depleted column is regenerated.

Slowdown enters the inlet filter at 26 gpw (maximum design rate,

52 gpn)t 50 psig, and 85°F. The inlet filter removes undlssolved participate

matter entrained In the blowdown, to prevent participate fouling of the de-

mineralizer resin bed. The flow then passes through the demtneralizer resin

bed, where ionized Materials are removed by Ion exchange. The calcium car-

bonate is reduced from about 2 ppts to less than 0.04 ppit. The final con-

centration of dissolved impurities is equivalent to a specific resistance

of about 8 megohms-cm at 25°C. The outlet filter removes any resin that

escapes the column retention element.

Undissolved partlculate natter in the blowdovn consists mostly of

magnetite (Fe_0,), with small amounts of other constituents. Particulates

larger than 15 i» are filtered out by the system inlet filter. Small particulates

travel on to be trapped by the denineralizer resin bed. Removal of the extremely

fine magnetite from the resin bed requires a complicated backwash, using both

air and water flow, before resin regeneration.

Two major soluble compounds in the steam-drum blowdown are morphollne

(C.HQHO) and ammonia (NH,)(see Treatment of Boiler Feedwater). These compounds

and any traces of other ionized materials are removed by the deminerallzer

resin through ion exchange.

2. Operation

The blowdown demineralizers are maintained in operation In conjunction
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with the blovdov-n system duiing noraal plant power operation.

The deraineralizer toluan in service is operated until breakthrough

occurs. The coitions have a service life of about 600,000 throughput gallons

(approximately 15 days of plant operation). Breakthrough is indicated by

effluent conductivity increasing to greater than the allovable aaximum of 1.0

raicromho/cm.

IV. TREATMENT OF B0HE1 FEEDWATER

Normally, feedwater contains no solid impurities because of the treatment

of makeup water and bloudown in denineralizers. Therefore, control of dissolved-

oxygen content and of pH is the routine treatment.

A. Treatment Systea

Chemical treatnent of feedwater consists of adding hydrazine (H2H4),

primarily as an oxygen scavenger, and morpholine (C^H^NO), to control pit.

Use of such volatile treatment agents as hydrazine and morpholine that

have reaction products that are volatile or form water is defined as a "zero-

solids" treatment.

Hydrazine is injected into the effluent from feedwater heater No. 2

(deaerator) to react with traces of dissolved oxygen remaining In the deaerated

boiler feedwater.

Morpholine is Injected into the effluent from the Ho. 2 feedwater heater

to supplement the aomonia resulting from thermal decomposition of hydrazine and

thus contrcl the pU of the power-cycle streams at 8.8 - 9.2. Use of morpholine

is desirable because it provides better corrosion protection than ammonia to

surfaces exposed to wet steam and condensate. This difference results from th«-

"distribution ratio" ofmorpholine being much lower than that of ammonia under

power-cycle conditions. The distribution ratio is defined as the ratio of the

concentration of the pH additive in the steam to its concentration in the con-

densate formed. Ammonia, in the temperature range of interest, has a distribution

ratio of about 7 - 10; morpholine has a ratio of about 0.4. Thus, the moroholine

tends to concentrate in the condensate, increasing its pB and providing protection

to metals in contact with the condensate.

As long as the polishing denineralizers for makeup water are properly re-
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generated and monitored, contamination through Makeup water is not likely.

However, a condenser leak could occur at any tine, and it becomes store probable

as the plant ages. Khen a condenser leak is detected, the "zero-solids" feed-

water treatment is suspended and phosphate-caustic treatnent is used until the

plant is shut down to repair the leak.

1. ttydraaine Injection

Hydrazine solution is prepared at the desired concentration (1.5%)

in a 30-gal stainless steel tank by diluting a concentrated solution(35Z) of

the hydrate(N.H.wB-0) fron tbe shipping container Kith desnineralized water.

Either of the two hydrazine-injection pimps takes hydrazine solution from this

tank and delivers the solution, through the discharge piping, into the effluent

line from feedwater heater No. 2. Normally, one ptntp is in operation while

the other is maintained as a standby. Discharge rate of tbe punp in operation

is manually adjusted to naintain the specified concentration (0.01 - 0.02 ppra)

in the feedwater.

Complete removal of dissolved oxygen from the feedwater is essential

to minimize corrosion in the high-pressure feedwater heaters, evaporators,

superheaters, and steam system. The chemical reaction for oxygen removal is:

N 2H 4 + O 2 * 2H2O + M2.

Under boiler conditions, hydrazine themally decomposes to aanonia:

3M;H4 Heat v 4SH3 + Hj.

The ammonia foraed increases the pH of the water in tbe power cycle

(condensate, feedwater, and steam). Ammonia can corrode copper-bearing alloys

such as admiralty-aetal condenser tubes; therefore, the concentration of hydrazine

in the feedwater must be closely controlled. The desired concentration in the

feedwater, under full-power steam conditions, is 0.01 - 0.02 ppm. Higher hy-

drazine concentration is maintained in the feedwater during plant 6tartup and

shutdown to establish the proper concentration of residual hydrazine in the
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system and to guard against excessive oxygen in the feedwater.

Hydrazine concentration in the feedvater is Monitored by an analyzer-

recorder.

Oxygen concentration in effluent from the Ho. 2 feedwater beater is

monitored by an analyzer-recorder. Free oxygen in the deacrator effluent is

normally undetectable, or near zero. However, continuous monitoring of the

deaerator effluent vill warn if hydrazine injection should fall and not be

detected otherwise or if a serious upset occurs in the deaerator operation.

For normal operation the hydrazine-injectlon system is placed in

operation whenever feedwater is flowing to the steam drun.

Bydrazine is injected directly into the condenser hotvell if the

normal hydrazine system naif unctions and cannot be restored to service.

2. Morpholine Injection

The condensate pH is controlled within the specified range (8.8 -

9.2) by Intermittent operation of the morpholine injection pimp. By Maintaining

the condensate pH within the specified range, the pH of the other systems (steam,

feedwater, and blovdown) will follow and be controlled in a slightly wider pH

range (8.6 - 9.4).

The morpholine-injection system is manually started when the conden-

sate pU is less than 8.8 and stopped when the pH reaches 9.2.

B. Procedures During Plant Operation

Water-treatment operations during startup are described below.

a. Filling Condensate System With Treated Water

Hydrazine and morpholine are added to the condenser hotwell to

provide treated water for filling the condensate and feedwater systems.

b. Filling the Feedwater System

The water from the condensate system contains hydrazine and

morpholine added either during previous plant operation or during filling of

the condensate system. Additional hydrazine is Injected to assure enough excess

during initial operation.
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c. Filling the Feedwater and Blowdown-system Yard p g

Hydrazine is Injected during the filling to assure a substantial

excess.

d. Heating Heater Mo. 2 and the Yard Piping for the Feedwater and

Blowdown Systems

Hydrazine is determined at the feedwater sampling station, the

hydrazine content of the feedwater and the p'A of the condensate are controlled

in the range specified for normal operation, except that a witter range of hy-

drazine is permitted (0.01 - 0.10 ppm).
e. Filling the Steam Generator with Treated Water

The water contains hydrazine and aorpholine from previous treat-

ment. Additional hydrazine is injected during filling to assure enough excess

during initial operation. No morpholine is injected during this operation.

f. Keatup of Steal System to 3SQ*F

During systen heatup, hydrazine is injected continuously whenever

feedwater is flowing to the steam generator. Th.- pH of the condensate is

monitored and controlled at 8.8 - 9. 2 by morpholine Injection.

g. ileatup froa 35Q*F t_a Standby Condition at SBO'F

This operation is normally performed with the steam generator

"bottled up"; i.e., without steam, feedwater, or blowdown flow (after a stean-

drum water level has been established). No chemical injection is required.

2. Komal Power Operation

a. pH and Conductivity Monitoring

Sampling stations S-l through S-6 (see Sampling and Monitoring

System) are maintained in service with the power cycle; pH and conductivity

are recorded. The conductivity-sample streams of stations S-l, S-2, S-4, S-5,

and S-6 are processed through cation exchange columns.

The pH of the power-cycle streams depends on the concentrations

of aamcnla (from H-H4 decomposition) and morpholine in the water. If the hy-

drazine concentration used for oxygen scavenging is closely controlled, mor-

pholine can be used to control pU within the desired range. If the pH Increases

above the control range with the normal hydrazine injection rate, the morpholine

feed rate is reduced by intermittent operation or by adjusting the stroke of

the injection pump.



29

If the conductivity of the condensate (5-1), or blovdovn (S-ft)

sample stream exceeds 1*0 mlcromho/ca after passage through the cation exchanger,

condenser leakage Is suspected. However, the possibility of malfunction of

the conductivity system or breakthrough of the cation exchanger Is first in-

vestigated.

b. Hydrazfne and Oxygen

The analysers for foydraxine and dissolved oxygen In service

monitor the feedwater IS-S) hydratine residual, and oxygen In the descrator

effluent (5-2).

The concentration of dissolved oxygen in che effluent fro* a

properly operating deaerator normally docs not exceed 0.007 pp*. If the dls-

solved-oxygen analyzer indicates this concentration, m malfunction affecting

deaerating efficiency is suspected and deaerator operating conditions arc

checked.

A hydrazine residual of 10 - 20 ppb in the feedwater oonully

provides anple excess for scavenging traces of oxygen remaining in the deaerator

effluent. The Injected hydrazln* concentration is maintained at least 1.5 times

the indicated oxygen content of the deaerator effluent.

3. Plant Shutdown

As reactor power is decreased, the hydrazine and morpboiine feed

rates are decreased to maintain the specifications for pH and hydrazine

residual In feedwater as for normal operation.

4. Plant Standby

The hydrazine Injection pump is operated at full stroke tihenever a

feedwater pump is operated to add feedwater to the steam drum.

5. Plant Cooldown

During cooldown fro»700*f to 580*F, the hydrazine and morpholine

feed rates are proportioned to feedwater flow to maintain normal pH and
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hydrazlne residual in feedwater.

During cooldovn from. 580*F to 350'F, sampling stations S-2 through

S-6 are secured. Station S-l (condensate) is kept in operation for Monitoring

pH and conductivity. Bydrazine injection 1* coatinued.

If the steam generator is to be put in dry layup, byilrazine injection

is continued during cooldovn fro* 340*F to ambient temperature. If the steam

generator i« co be placed in wet layup, the vater is heavily treated with

hydrazlne and morpholine during final recirculation.

6. Inl«afcage of Condenser Cooling Water

If a leak, such as a condenser-tube failure that vould allow condenser

cooling vater to enter the hotvell occurs, the conductivity recorder will in-

dicate an Increase in conductivity proportional to the size of the leak.

Korral conductivity will be 0.2 - 0.5 mlcromhos/c». An increase in con-

ductivity to nore than 1 nicromho/cm requires a check for cooling-water in-

leakage.

When the lnleakage i>s confirmed, the blowdovn demineralizer is taken

out of service and phosphate injection is begun. After the condenser leak has

been eliminated, the "zero-solids" treatment is resumed.

a. Specifications for Operation with leakage of Condenser

Cooling Water

(1.) Water Conditions (allowable range)
pU (feedwater, condensate,
deaerator effluent, steam) 9.3 - 9.5

Total solids (blowdovn) 200 ppn (max)

Free OH (blowdown) 5-10 ppm

F04 (blowdovn) 10-20 ppm

Chloride (blowdown) 5 ppm (max)

pH (blowdown) 10.5 - 10.8

Hydrazine (feedwater) 0.01 - 0.02 ppm

The blowdown system is kept in operation with the flow

diverted to the drain. A flow of about 10 gpm is established.

The limiting parameter for continued plant operation is a

maximum of 5 ppm chloride.

If blowdown is increased to 20,000 lb/hr, and the chloride

concentration cannot be kept below 5 ppm, the plant is shut down. The leak is

too large for continued plant operation, because the maximum flow rate of the
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makeup demineralizer would be exceeded.

V. SAMPLING AKD MONITORING SYSTEM

Water is sampled at six stations:

Station
Bomber

S-1

S-2

S-3

S-4

S-5

S-6

Stream Samples

Condensate-pump Discharge

Effluent from No- 2 Heater

Blowdown-deminerallzer Effluent

Boiler Blowdown

Boiler Feedwater

Condensed Steam

Components and OperationA.

A sampling line runs fron the stop valve at each sampling point to the

corresponding sampling station. Stop valves, throttle valves, sample coolers,

themometers, pressure gauges.and pressure regulators are Included in the

sample-conditioning portions of the sampling stations. Figure 6 is a block

diagram of a typical station. Each station Includes flow cells for measuring

electrolytic conductivity and pH, throttling valves for flow adjustment, and

provision for taking "grab" sanples for laboratory analysis.

Analyzer-recorders,Installed in the water-treatment area near the hydrasine

injection puap, aonitor dissolved oxygen and hydrazine. Sample flew from

stations S-2, S-5, and S-6 Is provided to each analyzer. H o w from S-1 Is

provided to the oxygen analyzer only. During nozmal operation, the hydrazine

analyzer monitors station S-5 and the oxygen analyzer monitors station S-2.

Continuous pH monitoring recorded on the steam panel la the Main Control

Room provides information on the distribution of juwnnia, hydrazine, and

morpholine in the power cycle. To facilitate operator surveillance, an addi-

tional continuous-monitoring system was installed In the chemical-feed area.

The electrolytic conductivity of each major power-plant stream is also con-
tinuously recorded on the steam panel. This conductivity is an Indirect measure
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Fig. 6. Typical Vater-saapling Station
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of the dissolved electrolytes but is nonspecific; that ia, the type of electro-

lytes oust be Identified by chemical antiysfs. Sevcrthelccs, conductivity is

a useful Indicator for gross contamination in the power cycle as, for exanple,

by leakage of plant cooling vater into the condensate.

Two general classes of substances present in the sample nay increase

the conductivity of the water. The first class comprises hydrazine, aorpholine,

and ammonia. The other class comprises lapurities such as K*C1, H-SO,, NajCr-O,,

and il2CO3, which would originate fron a leak of coadenser cooling vater,

faulty operation of the deainerallzers, air inleaicage, or other sources.

To measure conductivity due to dissolved salts (e.g..sodiua chloride), the

sample streams for conductivity Measurement are passed through strongly acidic

cation exchangers. These renove amentia, hydrazfne, and aorpboline and convert

dissolved salts to Che corresponding adds (BC1 and H.SO,). The effect is to

renove "background" conductivity due to the bases, and to "aapllfy" conductivity

of dissolved salts. Thus, an increase in "cation-exchanger conductivity" would

Indicate an Increase in inorganic electrolytes, such as could1 result fro*

leakage of cooling vater into the condenser. Such a conductivity Increase is

rapidly investigated.

A cation-exchange colusu, containing strongly acidic cation-exchange resin,

is in each of the sampling stations for condensate. So. 2 heater, feedwater,

blowdown, and condensed stea*. The unit detects the presence, and a change

in the concentrations, of electrolytes in the saaple BB read with an electro-

lytic conductivity bridge. The bridge and recorder are nounted in the stesc

panel in the control roo«.

When a sanple containing hydrazine, aorpbollne. or aaavnla is passed

through a bed of strongly acidic cation-exchange resin, the bases are held by

the resin, and hydrogen Ions are released that conbine with the hydroxyl ions

from the bases to font water. The electrolytic conductivity contributed by

the bases is thus resmved.

When dilute solutions of inorganic salts are passed through a bed of

strongly acidic cation-exchange resin, the cation is held by the resin and a

hydrogen ion is released which remains as an ion. The hydrogen ion, as well

as the anion from the lapurity, contribute* to electrolytic conductivity

of the saaple. Therefore, an increase in the conductivity of the saMpling

station cation exchanger effluent above routine operating levels would indicate

an abnormal condition.
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B. Schedules

Water streaas are routinely sampled as shovn below, Cor laboratory analysis

from stations S-l, S-2, S-4, and S-5» at the sane Cine during steady-state

plant conditions to pemit comparison of results, the analyses are performed

once per shift for control purposes.

1. Condensate (Sampling Station S-l)

a. pH <£rab sample) Once per shift

Asmanla
Horphollne
Chloride Once per numbered reactor run
Total Hardness
Iron
Copper

2. Deaerator Effluent (Sampling Station S-2)

Dissolved Oxygen Once per day
(Indigo carmine)

3. Blowdown (Sampling Station S-4)

Asmonia
Morpholine
Chloride Once per numbered reactor run
Total Hardness
Silica
Iron
Copper

4. Boiler Feedwater (Sampling Station S-5)

pH (grab sample) Once per shift

Hydrazine(photometer) Once per shift

Dissolved Oxygen Once per day
(Indigo carmine)



Ammonia

Chloride"* v
 Once fer *"***** reactor run

Total Hardness
Silica
Iron
Copper J

5. Steam {Sampling Station S-6)

pH (grab sample) Once per day

Ammonia
Morpholine
Chloride > Once per numbered reactor run
Total Hardness '
Silica t,

/

6. Makeup Feedwater (Polishing Demineralizer Effluent)

Sodium

St.^Hardness > * " «*r nMbered «« c t o r ~
Silica :

C. Analytical Data

Appendix A shows typical data recorded during stea*-plant operation.

VI. HISXOET OF HATER T8EA3HENZ FOR EBR-II

A. Installation. Preconditioning, aad Cheaical Cleaning

After installation in March 1962, the stean generator was filled with

chromate-treated water(about 2000 ppa CrO.) with a pH of about 8.5 - 9.0.

The concentration of chroaate inhibitor was Maintained during hydrostatic

testing of the steam generator and feedwater lines in June 1962.

Before chemical cleaning in August 1962, the chremate inhibitor was re-

moved and the system flushed with demineralized water.

The system was chemically cleaned by circulating a hot (200"F) alkaline

detergent through the system, then an inhibited organic acid solution (at 200°F)
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to remove rust and «ill scale. After Che system vas flushed with deoineralized

vater visual inspection of the steam drum and internal parts indicated satis-

factory removal.

The system was placed in wet layup with water containing 5000 ppn CrO,

(pH of 8.5 - 10.0). Met layup continued until January 1963, when the chromate

solution was drained and the steaa generator was flushed with denineralized

water. The steam system and associated piping were filled with demineralized

water treated with trisodlun phosphate to maintain pK at 9.5 - 10.5. Sodium

sulfite (25-100 ppm) was added for oxygen control.

B. Prepower, Hot Operation, and Wet Criticallty

During systen heatup to 350°F, treatment with sulfite and trisodiun

phosphate was maintained until September 1963.

Preparatory to heating above 3.54»°F, treatment with trisodiun phosphate

was discontinued and sulfite concentration was limited to 5-10 ppn. During

wet layup the water was treated with hydrazine and taorpholine.

During heatup from 350°F to 570°F in November 1963, the evaporators and

superheaters were maintained ia a flooded condition

In the same month, the system was cooled to ambient temperature. The

steam generator was placed in wet layup, with the water containing hydrazine,

morpholine, and 120 ppns sodium sulfite.

Wet layup continued until April 1964, until heatup to 575*F. Addition

of sodium sulfite was discontinued after heatup above 350*F.

Wet layup continued until June, with 150 ppm sodium sulfite and morpholine

to control pH at 10.2.

C. Approach to Power Operation

In June 1964, heatup to 575T and 1270 psig operation was started.

Approach to pover operation started in July and continued until August, when

the plant was shut down.

Wet layup continued until October, when power operation was started again.

In November, the steam system was placed in wet layup, with the water

containing 13C0 ppm CrO^ and at a pH of 9.3. Vet layup continued until February

1965, when the chromate was drained; the steams generator was flushed with de-
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mineralized water; and demtneralized water, at a pH of 10 and containing 2000

ppm morpholtne, was used to fill the steam generator.

D. Water Leak at Tube-to-Tubesheet Weld

In February 1965, before hydrostatic testing, a water leak, was found frc

the air space between the water and sodium tubesheets of one of tbe evaporators.

The steam system was drained and dried. The riser pipe was cat in tvo places

for access to the steam tubesheet for weld repair. lite leak was welded and

the evaporator returned to service in March 1965.

The steam generator was filled with deruceraiiicsS water witfo 2®§& ppra

hydrazine and 2000 ppro norpholine added.

Plant operation started in March 1965. Normal ffeedwater treatment witl.

hydrazine and roorpholine was begun.

E. Leak in Main-condenser Tube

In May 1971, blowdown conductivity increased slightly. In October, the

conductivity increased to 50 micromho/cm and sodiui»~ioit electrodes indicatec

an increase of sodium ion from 1 ppt» to 200 ppb. Hardness increased appreciably.

The leak rate was estimated at 1 gal/hr. The leak, vas discovered in a tube with

a hole 1/2-in. long and 1/16-in. wide. The cause of the leak was erosion bj

condensate returning to the condenser via the minimum-flow valve. Slight

damage was noted in adjacent tubes. The leaking tube and 10 other tubes wish

slight erosion damage were plugged.

After repair and a leak test, the system was returned to service in

December 1971.

F. Inspections of Evaporator and Steam Prim

Evaporator 702 is the only evaporator of the eight in service that has

been Inspected. Inspecting the other evaporators or superheaters vould require

cutting the risers and dovneoaers for access to the stean tubesheet.

The evaporator was inspected to determine the effectiveness of the chem-

ical treatment and the condition of the Internal surfaces of the stean drum,

risers, tubesheet,and the bore side of evaporator tubes.



38

This evaporator was first inspected during the repair of the leak in the

tube-to-tubesheet. Subsequent inspections vere made In January 1969, December

1970, May 1972, April 1973, and May 1974.

The steam drum is inspected at the same tine the evaporator is. The

steam drum is made available for inspection during shutdown by opening the

manhole cover on both ends.

1. Methods

The inspections are visual, for evidence of gross corrosion, pitting

corrosion, scale formation, and the extent of accumulation and deposition of

corrosion products.

The tube internals are viewed with a borescope and photographs are

taken through the borescope for examination and comparison with previous in-

spections. Visual observations are nade, and photographs of the steam drum and

tube sheet are taken for examination and comparison with previous inspections.

Samples of corrosion products are removed from the internal surfaces

2nd analyzed for composition and comparison with previous inspection analysis.

Corrosion coupons exposed in the steam drum in the steam phase ant

the water phase are removed and examined for evidence of corrosion. Visual

observations and weight-change data are compared with previous inspections.

Results

Generally all metal surfaces are covered with brown-red magnetic iron

oxide. The deposits vary from light to 1/16-in. thickness. The outer layer

is a light porous coating, easily removed by brushing; the inner deposit is a

more adherent, dense film. There is no evidence of pitting or metal loss when

the deposits are removed. Loose deposits accumulate on horizontal surfaces,

such as piping, separators, and the tubesheet.

No appreciable change has been detected in the metal surfaces of

the steam-drum internals, separators, riser walls," tubesheet, or tube interior

from one inspection to the next.

After surfaces were brushed to remove the light deposits in the

evaporator tubes, fabrication marks, both axial and circumferential, could be

seen through the borescope. Some surface Irregularities and shallow pits were
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observed, with depths up to about 5 nils.

The first IS in. of tube length of the evaporator tubes is

covered with a thin, fine-grained deposit of iron oxide. The next

8-9 ft. appears crystalline as seen through the borescope. The crystalline

appearance disappears gradually down the tube length.

Corrosion coupons installed in the steav drum in the vater and steam

shoved little change in appearance or in weight change from previous Inspections.

Hill marks and staaped nunbers are sharp and showed little evidence of corrosion.

Table IV lists a typical analysis of deposits removed from, the

evaporator.

The high copper content Is typical of deposits fron systems having

condensers with tubes of s high-copper alloy.

The nickel source is stainless steel components in the condensate

system and air ejectors.

The high-calciun deposit in the tubes, which occurs in the high-

temperature zone of the evaporator, could result fro* precipitation at oper-

ating temperatures of trace anounts of calciun in the feedwater or from the

condenser-tube leak in May 1971.

VII CONCLUSION

The EBR-II steaa-generating plant has accumulated over 85,000 hours of

in-service operation and has operated successfully for over ten years with the

zero-solids treatment.

Inspection of the steaa drum, evaporator*and other plant components on

the steam and water sides showsthe surfaces to be In excellent condition with

minimal corrosion. Total corrosion is estimated from corrosion products to

be less that 0.1 nil of the heat-transfer surfaces.
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TABLE IV Analyses of Deposits in Evaporator
Tubesheets and Tubes

Eleaent Tubesheets Tubes

Iron

Chrostlua

Hlckel

Copper

Holybdenun

Manganese

Caldiai

Tin

10.5

0.6

4.8

29.2

< 240 ppM

0.3

0.9

< 0.13

18.1

0.2

7.5

32.0

<0.12

0.15

21.7

<0.6
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APPENDIX

Tables V-X show typical results of analyses in the stean-water system

of EBR-II.



TABLE V. Hydrazine and Dissolved Oxygen in
Feedwater and Beater CIo. 2 for Run 40

Dissolved Oxygen, ppb
Date Kvdrazlne in Feedwater. mm Cto. 2 Heater Feedwater

February
(1970)

March

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
1

0.02
0.02
0.02
0.03

0.05
0.04
0.03
0.03
0.03
0.02
0.02
0.03

0.01
0.03
0.03
0.01
0.06
0.04
0.04
0.03
0.04
0.03
0.02
0.03
0.03
0.02

22
15
22
22
22

22 <5

15
22
15

15
22
15
22
22

15
22
15
15
22

<5
<5
«S

<5
«5
<5
«5
<5

•5
<5
<5
<5
«5
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TABLE VI. llydrazine and Dissolved Oxygen in Feedvater
and Heater Ko. 2 for Run 44

Hydrazine in Feedwater. ppw
Dissolved Oxygen, ppb

Feedwater Ko. Heater

June 24
(1970) 25

26
27
28
29
30

July

August

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

1
2
3
4

0.02
0.03
0.03
0.03

0.02
0.02

0.03
0.03
0.02
0.03
0.03

0.03
0.01

0.02
0.02
0.03
0.03
0.03
0.03

0.03

<5

< 5
< 5

<5
< 5
< 5
<5
<5

<5
<5

15
15

10
10

15
15
10
15
10

15
10

< 5
* 5
<5
< 5
<5

15
10
10
10
10

<5 15



TABLE VII. Spectrophouecrlc Analysts of Stea
for Run 40 (ppa)

-Feedvater System

Week Of

Feb 3-9 (1970)
Slowdown
Slowdown Deain
Condensate
Feedwater
Makeup Demln
Stean

Feb 10-16
Blowdown
Slowdown Denin

Condensate

Feedwater

Makeup Demin

Stew
Feb 17-23

Blowdown
Blowdown Deain
Condensate
Feedwater
Makeup Deain
Steam

Feb 24-Harch 2
Blowdown
Blowdown Deain
Condensate
Feedwater
Makeup Deain
Steam

—

—
—

—

—

—

0.25
«0.01
0.60
0.60
—

0.60

0.21
<0.01

0.42
0.45
—

0.45

0.30
<0.01

0.40
0.4Q
—

0.50

Cl

<0.05
<0.05

<0.05
<0.05
<0.05
<0.05

<0.05
«0.05
<0.05
<0.05
<0.05
<0.05

<0.05
<0.05
<0.05
<0.05
<0.05
<0.05

<0.05
<0.05
<0.05
<0.05
<O.O5
<0.05

Cu Horpholinc Fe

— 0.2
— <0.1
— <0.2
— <0.2
— —

— <0.2

— 2.5
— <0.1
— 3.5
— 2.5
— —

— 2.0

<0.05 0.3
— <0.1

<0.05 0.5
<0.05 0.5

— —
— 0.5

<0.05 2.0
~ <0.1

<0.05 2.0
<0.05 2.5

— —
— 2.0

—

—

—

—
—

—
—

—

—

—

<0.005
—

<0.005
<0.005

—
—

< 0.005
—

<0.005
<0.005

—
•

iotax
SiO_ Hydrazine Hardness (t

—

—

—

—
—
—

<0.5
—
—

<0.05
<0.05
<0.05

<0.05
—

—

<0.05
<0.05
<0.05

<0.05
—
—

<0.05
<0.05
<0.05

— <0.01
— —

— <0.01

0.04 <0.01
— <0.01
— <0.01

— <0.01
— —

— <0.01
0.04 <0.01

— <0.01
— <0.01

— <0.01
— —
— <0.01

0.04 <0.01
— <0.01
— <0.01

— <0.01
— —
— <0.01

0.04 <0.01
— 0.01
— 0.01
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TABLE VIII. Spectrophotoaetrlc Analysis of SteaR-Feedvaeer Systems
for Run 42 (ppa)

Week of NH!3 Cl Cu Horpholine Fe S102

Total
Hydrazlne Hardness (Na)

Apr 21-27 (1970)

Blowdoun 0.15 <0.05< 0.05

Blowdown Demin< 0.01 <0.05 —

Condensate 0.35 <0.05< 0.05

Feedwater 0.60 <0.05 < 0.05

Makeup Detain — < 0.05 —

Steam 0.80 <0.05 —

Apr 28-May 4

Blowdoun 0.15 < 0.01 < 0.05

Blowdoun Demin< 0.01 < 0.01 —

Condensate 0.25 < 0.01< 0.05

Feedwater 0.30 < 0.01< 0.05

Makeup Detain — < 0.01 —

Steam 0.30<0.01 —

May 5-11

Blowdown 0.25 < 0.0l< 0.05

Blowdown Demin< 0.01<0.01 —

0.40 <0.01< 0.05

0.40<0.01< 0.05

— < 0.01 —

0.30<0.01 —

Condensate

Feedwater

Makeup Demin

Steam

May 12-18

Blowdown

Blowdown Demin< 0.01<0.01 —

Condensate 0.15 < 0.01 O.05

Feedwater 0.10<0.01 <0.05

Makeup Detain — < 0.01 —

Steam 0.10<0.01 —

0.20<0.01< 0.05

<0.2

0.2

<0.001 <0.05 — < 0.01< 0.01

- - - - - - - <0.01
<0.001 — — < ©.01 < o.oi

<0.001 <0.05 0.05 < 0.01<0.01

~ <0.05 — < 0.01 < 0.01

— <0.05 — < 0.01 < 0.01

<O.O05 <0.1

<0.005 —

<0.Q05<0.1

<0.005 <0.05

<0.005 —

< 0.005 < 0.05

— < 0.05

— < 0.05

<0.1 < 0.005 . —

< 0.1 < 0.005< 0.05

— — < 0.05

< 0.1 — < 0.05

— < 0.01< 0.01

— — <0.01

— < 0.01< 0.01

0.02 < 0.01 <0.01

— < 0.01 < 0.01
— < 0.01 < 0.01

< 0.01<0.01

— <0.01

< 0.01< 0.01

< 0.01< 0.01

< 0.01< 0.01

< 0.01< 0.01

0.04

< 0.005<0.05 —

0.05

< 0.01< 0.01

— <0.01

< 0.0K 0.01

< 0.01< 0.01

< 0.0K 0.01

< 0.01<0.01
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TABLE IX. pH of Stew-Feedwater System for Run 40

Slowdown Jfo. 2
Date Condensate Feedwater Blowrfovn Deain Heater Steaa

9.2 ~~ — —. _
9.2 """* — — —
9.0 9.1 9.1 9.3 8.1
9.1 ~~ ~~
— — 8.2 9.2 —
8.8 ~ 8.6 9.3 ~
9 "% —__ __ __
o 2 — — *"•» •••"• ""•*

8̂ 9 9.0 8.3 9.2 9.2
9.4 — — — —
9.1 9.3
9.5 9.2
8.9 9.0

9.1 —
9.0 9.5
9.4 9.1
9.4 9.4
8.9 8.9
9.4 9.2
9.4 —
9.2 —
9.2 8.9
9.1 9.4
9.1 9.3
9.2 9.2
9.3 9.3

28 9.3 9.2 —

March 1 9.3 9.2 —

February 1
(1970) 2

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

9.3
8.9
9.1
9.2
9.1
8.9
9.3
9.1
9.0
9.2
9.2
9.5
9.0
_

9.2
9.0
9.4
9.4
9.0
9.2
9.1
9.1
9.1
9.1
9.1
9.2
9.1

8.1
8.3
8.2

8.5
8.7
8.4
6.3
8.3

8.3
8.5
8.4
8.2
8.7

9.5
9.5
9.2

9.6
9.5
9.3
9.0
9.3

9.4
9.4
9.3
9.3
9.5

9.4
9.5
9.2

9.6
9.4
9.3
8.8
9.0

9.4
9.4
9.2
9.3
9.4
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TABLE X. pH of Steaa-Feedvater System for Run 44

Elcwdcvn
Condensate Feedaater Slowdown Benin Beater Steam

June 24 9.1 — — — — ~
(1970) 25 8.7 — — — —

26 8.8 — — ~ — ""
A ^ A JA (ft A _ _ . .^m^^ __^_

il o.o H.o —~ ~— """* """
28 8.9 8.8 ~— -™ ~~ ~~
29 8.9 8.8 9.1 7.6 9.3 9.2
30 8.8 9.0 8.7 7.4 8.9 8.9

July 1 9.0 9.0 9.0 7.8 9.2 9.1
2 9.2 9.2 9.1 7.6 9.2 9.0
3 9.2 9.2 ~ — — —
4 8.9 8.9 — __ _ _
5 8 9 9 0 —• —— -•••» *•"•
6 9i2 9.0 8.9 7.7 9.2 9.4
7 9.1 9.1 8.9 7.7 9.2 9.4
8 9.1 9.1 9.0 8.0 9.2 9.2
9 8.9 9.0 8.7 7.3 8.9 8.9
10 9.1 9.1 9.1 8.4 9.3 9.3
11 9.0 8.7 — ~ — —
12 9.1 9.2 — — — —
13 9.0 9.1 9.2 7.8 9.3 9.3
14 9.1 8.9 9.1 7.4 9.3 9.3
15 9.0 — — ~ — —
16 H» —<— •—> •"• ~ — —••

X7 — — — " i n r —» M „

19 — — •— — — —

01 ^jm mir

26 9.1 9.1 — —- — —
27 9.0 9.2 9.1 8.0 9.2 9.3
28 9.0 9.2 9.2 8.1 9.3 9.3
29 9.1 9.1 8.9 7.9 9.2 9.1
30 9.1 9.2 9.2 8.2 9.3 9.2
31 9.0 9.1 9.1 8.1 9.2 9.1

August 1 9.1 9.1 — _ _ _ _ _
2 9.1 9.1 — _ _ _ _ _
3 9.1 9.1 9.1 7.9 9.3 9.2
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