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1. INTRODUCTION 

Boiling water reactors (BWR'S) generally use high purity, no-additive feed- 

water. The primary recirculating coolant is neutral pH, and contains 100 to 

300 ppb oxygen with stoichiometrically related dissolved hydrogen. However, 

this oxygen concentration increases the susceptibility of austenitic stainless 

steel to intergranular stress-corrosion cracking (IGSCC) when the other 

requisite factors, stress and sensitization, are present. Thus, reduction or 

elimination of the oxygen in BWR water -may preclude cracking incidents. One 

approach to such a reduction of the BWR coolant oxygen concentration is to 

adopt alternate water chemistry (AWC) conditions using an additive(s) to 

suppress or reverse radiolytic oxygen formation. Several additives are 

available to do this but they have seen only limited and specialized applica- 

tion in BWR'S. The objective of this program is to perform an in-depth engi- 

neering evaluation of the potential suppression additives supported by 

critical experiments where required to resolve substantive uncertainties. 

On the basis of the engineering evaluation, the optimum oxygen suppression 
\ 

approach will be selected and a specific BWR,plant recommended for an 

extended plant demonstration experiment. 

The program is funded by the U. S. Department of Energy and managed by 

Commonwealth Research Corporation. The preliminary engineering evaluations 

and related test work are being done by the General Electric Co. 



2. SUMMARY 

2.1 MASS BALANCE FLOW SHEETS 

New data on additive concentrations have been received from independent 

investigators overseas, These data were analyzed with respect to possible 

impact on the material balance flow sheets prepared earlier in this 

pr0grarn.l No revisions to the methods or results are considered to be 

justified. 

2.2 TURBINE BUILDING RADIATION LEVELS 

Various points in the Dresden 2 and a typical BWR/6 turbine building have been 

modeled to facilitate calculation of dose rates at'various AWC conditions. 

These calculations agree reasonably well with actual measurements when com- 

pared at identical power levels or exceed them by as much as a factor of two 

depending on the difficulty of modeling any particular location. 

2.3 STEAM ACTIVITY 

It is expected that by .using a hydrogen-addition flow. sheet, N-16 activity 

in the steam will increase eightfold. The C-15 activity in the steam will 

not be changed significantly. \ 

2.4 OFF-GAS IMPURITIES 

Off-gas sampling and analysis were completed at Nine Mile point 1. Trace 

impurity levels were: 

Component 

Kr 

Xe 

CO 

co2 

Concentration 
(ppm by volume) 



Component 

CH4 
Higher Hydrocarbons 

NO 

NO2 

O 3 

Concentration 
(ppm by volume) 

2.5 OFF-GAS SYSTEM MODIFICATIONS 

An off-gas system is proposed in which oxygen is added just upstream of the 

recombiner in an amount sufficient to oxidize all of the hydrogen present. 

The system downstream of the recombiner then operates at essentially normal 

flow rates and compositions. System modifications would cost ac estimated 

$440,000. Oxygen cost would be about $3,00O/month. 

2.6 CONDENSER COOLANT LEAKAGE MONITORING 

In-line specific-ion sodium and chloride monitors have been tested in the 

laboratory in the 0 to 5 ppb - .. range. With only minor modifications the 

sodium monitor is accurate and stable enough that it is suitable for routine 

in-plant use. The chloride monitor is very flow sensitive and requires 

major improvements before it would be ready for routine, in-plant use. 

2.7 CONSTANT EXTENSION RATE TESTS 

The resistance of Type-304 stainless steel constant extension rate test 

(CERT) specimens to IGSCC at 288'C in BWR coolant was increased by reduction 

of dissolved oxygen concentration. Addition of 220 ppm ammonia had no effect 

on failurc mcchanism, craclc propagation ratc or ductility characteristics. 

2.8 STRAINING ELECTRODE TESTS 

Straining Electrode Tests (SET), using hydrogen additions to depress the 

specimen potential, showed that 100 ppb added hydrogen altered the failure 



of as-welded-plus-low-temperature-sensitized Type-304 stainless steel 

specimens from IGSCC to ductile failure. 

2.9 DEMINERALIZER PERFORMANCE 

Because of the overwhelming adverse impact that the use of ammonia additives 

is predicted to have on demineralizer system performance and radwaste volume, 

confirming tests will be made. A test system is being assembled to actually 

measure both deep bed and filter-demineralizer performance at the high 

ammonia concentration and pH which are necessary for successful use of an 

ammonia flow sheet. 

2.10 RADWASTE SYSTEM IMPACT 

The minimum effect of the use of ammonia additives on the radwaste system is 

to increase radwaste volumes and required system capacity a factor of,sj-x. 

With cooling water leakage into the condenser, this may become as high as a 

200-fold increase. 

2.11 ADDITIVE INJECTION SYSTEM 

Four different'methods for injecting and dissolving hydrogen gas into reactor 

feedwater were studied: (a) co~cter-current, continuous gas-phase absorption 

in a packed column; (b) cocurrent, discontinuous gas-phase absorption in a 

packed column; (c) cocurrent absorption in a bubble column; and, (d) cocurrent 

absorption in a bubble column containing static mixing elements. The bubble 

column with the static mixers was the preferred method and will operate with 

a hydrogen solution efficiency of 99.95% of initial feed (30 lblhr) when 

14 feet of mixing units are used at final feedwater conditions. A preliminary 

estimate of the installed cost is $450,000. 

, 
2.12 EMERGENCY CORE COOLING SYSTEM AND LOSS-OF-COOLANT ACCIDENT ANALYSES 

, Since there is no change in suppression-pool hydrogen or oxygen level, use 

of thc hydrogen additive does not modify existing emergency core cooling 



system (ECCS) conditions. Increased drywell inventories of hydrogen cause 

less than 0.1% increase in post-loss-of-coolant accident (LOCA) drywell 

hydrogen concentrations. Hydrogen concentration does not reach the 4.0% 

lower explosive limit for hydrogen in air. 

2.13 RADIOACTIVITY TRANSPORT 

Data from a boiling, in-reactor loop with hydrogen addition operated by 

Atomic Energy of Canada Limited (AECL) show that the effects of the 

hydrogen-rich environment on o normal BWR system will be minimal with 

respect to corrosion product transport and radiation buildup. 

2.14 ADDITIVE CONSUMPTION AND SOURCE 

The use of hydrogen separating membranes and sponges is being considered as 

a means of recycling hydrogen thereby reducing additive cost. Technology 

exists for several separation schemes. 



3 .  DISCUSSION 

3 . 1  TASK A. 02 CONTROL -MASS BALANCE FLOW SHEETS (T. L.  Wong) 

Objec t ive .  This  t a s k  e s t a b l i s h e s  t h e  b a s i c  primary system flow s h e e t s  f o r  

t h e  a d d i t i v e s  be ing  cons idered .  Optimum a d d i t i v e  l e v e l s  w i l l  be s e l e c t e d  

t o  a l low a  r ea sonab le  o p e r a t i n g  c o n t r o l  range ,  p revent  exces s ive  and waste- 

f u l  u'se of t h e  chemical ,  and y e t  a s s u r e  t h a t  minimum concen t r a t i on  r equ i r e -  

ments a r e  always m e t .  

E x i s t i n g  t e s t  in format ion  on t h e  a d d i t i o n  of hydrogen, ammonia and hydra- 

z i n e  t o  suppress  oxygen formation has  been used t o  p r e d i c t  mass ba l ances  f o r  

t h e  GE BWR. S ince  t h e  r e s u l t s  r epo r t ed  i n  t h e  l i t e r a t u r e  cannot be  a p p l i e d  

d i r e c t l y  because t h e  test equipment and c o n d i t i o n s  were s i g n i f i c a n t l y  d i f -  

f e r e n t  from those  f o r  t h e  BWR, t h e  r e s u l t s  from s e v e r a l  d i f f e r e n t  tests 

have been used t o  develop methods t o  e x t r a p o l a t e  t h e  test  d a t a  t o  BWR 

cond i t i ons .  

3 .1 .1  Add i t i ona l  Flow Sheet  Cons idera t ions  

Mass ba l ance  f low s h e e t s  f o r  t h e  a d d i t i o n  of hydrogen, ammonia, and hydra- 

z i n e  have been c a l c u l a t e d  a,nd a r e  presen ted  i n  prev ious  q u a r t e r l y  r e p o r t s  

f o r  t h i s  program. 
1,2 

These flow s h e e t s  a r e  s t i l l  t e n t a t i v e  and a r e  con- 

s t a n t l y  be ing  reviewed and improved a s  a p p l i c a b l e  new d a t a  a r e  d i scovered .  

3.1.2 Hydrogen Addit ion 

3 
An-unpubl ished Japanese paper  d e s c r i b i n g  a  s tudy  on t h e  u se  of hydrogen 

and hydraz ine  a d d i t i o n  t o  c o n t r o l  d i s so lved  oxygen i n  t h e  r e a c t o r  water  

was reviewed. In rhe s tudy ,  a hydrugril concen t r a t i on  of 3  ppm a t  t h e  

r e a c t o r  c a r e  i n l e t  was cons idered  necessary  t o  reduce t h e  oxygen concent ra -  

t i o n  t o  one-tenth i t s  c u r r e n t  va lue  ( t o  20 ppb).  Th i s  i s  a  f a c t o r  of twenty 

h igher  t han  c a l c u l a t e d  i n  Reference 1 and i s  based s o l e l y  on exper imenta l  

r e s u l t s  from t h e  EBWR (Experimental Bo i l i ng  Water Reac tor ) .  The hydrogen 

models a l r e a d y  prepared f o r  t h i s  program which a r e  based on s e v e r a l  d i f -  

f e r e n t  r e a c t o r  tests ( inc lud ing  t h e  EBWR d a t a )  were n o t  modified. 



Further support is lent to the hydrogen flow sheet presented'fn Reference 1 

by independent Swedish studies4 in which predicted oxygen,levels and 

corresponding hydrogen concentrations are essentially identical. . 

. . .  . . .  

3.1.3 ' 'Hydraiine 'Addition 

In terms of hydrazine addition, the Japanese study states that a 

hydrazine addition rate of 7 kg/h (1.54 lb/h) at the inlet of the recir- 

culatfon line is 'required to reduce the oxygen concentration by a factor 

of approximately two. This hydrazine addition value is very low compared to 

Reference 1 but is based only on replacing losses due to thermal decomposi- 

tion. Radiolytic decomposition is not considered.. In addition, the quantity 

and location of the hydrazine injection are d l r e c t e d  toward decreasing the 

oxygen concentration in the recirculation piping, not the entire primary 

system. 

The thermal decomposition data referenced in the Japanese study (Figure 3-1) 

show that the hydrazine thermal decomposition rates are about two orders of 

magnitude lower than those discussed and used in Reference 1. Based on these 

decomposition rates, the hydrazine addition requirements for the hydrazine- 

controlling and the ammonia-controlling cases were recalculated using pre- 

viously determined values for the radiolytic decomposition effects. A 

hydrazine addition rate of approximately 6000 kg/h (13,000 lb/h) was 

required to obtain a 25 ppb hydrazine concentration in the core exit flow. 

The mass balance flow sheet for the hydrazine-controlling case at the lower 

thermal decomposition rate is shown in Figure 3-2. Although this V A ~ I I P .  is 

only about 52 of that previously calculated to be necessary1 the amount of 

hydrazine required is still excessive. In the case where only enough hydra- 

zine is required to decompose to give 10 ppm ammonia in the core exit water, 

the flow sheets are identical, regardless of which thermal decomposition 

rate is accepted. 



Figure 3-1. Hydrazine Decomposition Rates versus Temperature 
[From: H. Hartmann, G. Resch, Mit. VGB52 54, 19581 
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3.2 TASK B-1. N-16 DOSE RATE (H. H. Paustian, G. F. Palino) 

Objective. The primary source of radioactivity in the steam from a BWR is 

N-16 from the 0-16 (n,p) reaction. The N-16 is formed in the liquid phase 

within the reactor core and then partitioned between the reactor water and 

steam during the phase separation. With standard BWR water chemistry, the 

bulk of the N-16 formed is quickly converted to relatively non-volatile 
- - 

anionic species, primarily NO or NO3 . Only a small amount of the N-16 2 
goes into the steam. As the oxidizing potential of the coolant is reduced 

by oxygen suppression additives, the proportion of the N-16 converted to 
+ 

relatively volatile, cationic (NH ) species markedly increases and the 4 
fraction released to the steam rises commensurately. All three potential 

additives, i.e., H2, NH3, and N2H4, appear to act similarly in increasing 

the N-16 activity in the steam; however, the exact relationships need to be 

verified quantitatively so that the impact on turbine building shielding 

and/or operator-environment dose rates can be evaluated. 

3.2.1 Dose Rate Calculations 

Models have been prepared to-calculate dose rates on the turbine operating 

floor and in the environment surrounding the turbine building. These cal- 

culations were done for the Dresden 2 and for a typical BWR/6 arrangement. 

The isotopes considered were N-16 having a 7.3 sec half-life and C-15 having 

a 2.45-sec half-life. For results to be applicable to a number of AWC's, 

the calculations were done assuming concentrations in the steam of 

1.0 uCi/g of  N-16 Qr 1.0  ~Ci/g of C-15 at the outlet of the reactor pressure 

vessel (RPV) nozzles. Thus, to estimate the radiation levels for a selected 

water chemistry, one would multiply these results by actual RPV nozzle con- 

centrations of N-16 and C-15 and add them to get a total radiation level at 

a particular location. The results of these calculations are reported in 

subsequent sections. 

3.2.1.1 Main Steam Line Calculations for Dresden 2 

A number of steam line dose rate measurements have been made at Dresden 2 

as a part of this program. These measurements are reported in Table 3-1 

and Figure 3-3. 



Table 3-1 ' 

"C" STEAM LINE DOSE RATE MEASUREMENTS 

A. Victoreen 470A Panoramic Survey Meter Measurements: 

a 
Distance 

(cm) 
Exposure Rate 

(R/h) Comments 

Side Measurement 

Face Measurement 

Face Measurement 

Face Measureu~ent 

106.2 0.57 Face Measurement 

B. Lih' Thermal Lumincscense Dosimeter Measurements: 

a Distance 
(cm> 

Exposure Rate 
(R/h) 

1.19 

1.31 

1.03 

0.67 

0.49 

Side Measurement 

Face Measurement 

Face Measurement 

Facc Mcaourcmcnt 

Face Measurement 

a 
~istance is from outer metal surface of the "C" steam line to the 
effective center of the detector system. 



A STEAMLINE SEPARATION (INSULATION EXTERIOR-TO-INSULATION 
EXTERIOR) = 1.02m. INSULATION THICKNESS -9 cm. STEAMLINES 
ARE 24-inch SCHE W LE 80 PIPE 

a Figure 3-3. Configuration of Steam Lines (pictorial) 

This measurement progta111 also included a Ge(Li) gamma scan of the "C" steam 

line at the point where the dose rate measurements were made. The radio- 

nuclides of N-16, C-15 and 0-19 were identified in the spectra. The ratio 

of their concentrations in the steam was 10.6/5.2/1.0, respectively. 

The information on the ratio of isotopes and the steam line geometry, as 

shown in Figures 3-3 and 3-4, was used in the QAD-F computer code to cal- 

culate exposure rates based on an assumed concentration of 1.0 pCi/g of N-16 

in the steam at the measurement location. By then detefmining the ratio of 

the measured exposures rates to the QAD-F calculated exposure rates, the 

actual N-16 and C-15 concentrations could be determined. The contribution 

from each line and the total QAD-F exposure rates are shown in Table 3-2. 

Table 3-2 

QAD-F CALCULATED EXPOSURE RATES 

Contribution 
~etector~ From Line C 

NO. (mR/hr) 

Contribution 
From Line D 

(mR/hr) 

Contribution 
From Line A 

(mR/hr) 

Contribution 
From Line B Total 

(mR/hr) (mR/hr 

a 
These correspond to the measurement locations of the Victoreen 070V 
Panoramic Survey Meter per Figu.fe 3-3. 



EL.537 f c O  in. 

PIPE 

CALC-R IMETER TAPS 

4 f t  4BOVE EUBOW 
SURVEY AND TLD MEAS 

Figure 3-4. Dresden 2 Stean Line Geometry 



Table 3-3 shows t h e  r a t i o  of measured exposure r a t e s  t o  c a l c u l a t e d  exposure 

r a t e s .  

The average r a t i o . w a s  24.1. Because r e s u l t s  from t h e  f i r s t  t h r e e  l o c a t i o n s  

a r e  somewhat more a c c u r a t e ,  a  va lue  of 23.5 was s e l e c t e d .  Th i s  means t h a t  

a t  t h e  measurement l o c a t i o n ,  t h e  N-16 concen t r a t i on  i n  t h e  steam was 

23.5 pCi /g  and t h e  C-15 concen t r a t i on  was (5.2/10.6)(23.5 pCi/g) = 11.5 pCi/g.  

A check of t h i s  va lue  was made us ing  t h e  t h i r d  measurement f o r  t h e  LiF Thermal 

Luminescense Dosimeter (TLD) d a t a .  I n  t h i s  ca se ,  a  measured-to-calculated 

r a t i o  of 22.6 was ob ta ined .  This  in format ion  i s  u s e f u l  f o r  base  l i n e  d a t a  

i n  understanding N-16/C-15 behavior  i n  a  BWR power p l a n t .  The measured-to- 

c a l c u l a t e d  r a t i o  f o r  t h e  s e v e r a l  d e t e c t o r  l o c a t i o n s  showed q u i t e  good con- 

s i s t e n c y ,  thereby g i v i n g  added conf idence  i n  i t s  v a l i d i t y .  

3.2.1.2 Turbine Operat ing F loor  Dose Rates  a t  Dresden 2  

The Dresden 2  t u r b i n e  o p e r a t i n g  f l o o r  arrangement is  shown i n  F igure  3-5. 

It i s  a  r e l a t i v e l y  s imple arrangement w i t h  only t he ,  fo l lowing  t u r b i n e  equip- 

ment above t h e  f l o o r  con ta in ing  s i g n i f i c a n t  i n v e n t o r i e s  of N-16 o r  C-15: 

( a )  t h e  h igh  p r e s s u r e  t u r b i n e ;  (b) t h e  t h r e e  low p r e s s u r e  t u r b i n e s ;  ( c )  t h e  

s i x  combined in t e rmed ia t e  va lves  (CIV1s);  (d) t h e  p ip ing  loca t ed  above t h e  

f l o o r  e n t e r i n g  t h e  C I V 1 s  and going from t h e  C I V ' s  t o  t h e  low p r e s s u r e  t u r -  

b ines ;  and (e )  p o r t i o n s  of two of t h e  f o u r  main steam l i n e s  t h a t  r ise above 

t h e  ope ra t i ng  f l o o r  b e f o r e  e n t e r i n g  t h e  h igh  p r e s s u r e  t u r b i n e .  

Table  3 . .3  

RATIO OF MEASURED EXPOSURE RATES TO QAD-F CALCULATED EXPOSURE RATES 

Detec tor  ~ e a s u r e d  Exposure QAD-F Exposure 
No. Rate  (mR/hr) Rate  (mR/hr) Ra t io  



DETECTOR 1 - OUTSIDE SHIELDING, nlRECTLY OPPOSITE CIV-4.4 ft ABOVE F C W R  

DETECTOR 2 - INSIDE SHIELDING, DIRECTLY OPPOSITE CIV-5,4 ft ABOVE FLOOR 

DETECTOR 3 - NEAR M-G SET, 4 ft ABOVE FLOOR 

DETECTOR 4 - DIRECTLY ABOVE CENTER OF LP HOOD "B". 4 ft ABOVE ROOF OF 
TURBINE BUILDING 

Figu re  3-5. Dresden 2 Turbine Operat ing F loor  



To calculate the inventory of either N-16 or C-15 in the above components, 

the mass inventory of steam or water in the component must be known, the 

mass flow rate through the component must be known, and the "age" (time 

since it left the .RPV nozzle) of the entering steam must' be known. The 

inventory of the isotope is then calculated from: 

where 

A = contained inventory 

a = specific activity at RPV nozzle 
? 
M = mass flow rate through component 

tin = age of steam entering component 

At = transit time through component = mass inventory/mass flow rate 
(slug flow assumed) 

X = decay constant = 0.6931t-112 

t 
112 

= half-life 

Now even though only inventories above the operating floor are of interest, 

the mass inventories of a x  components betwe.en the RPV nozzle and the tur- 

bine must be estimated to calculate the age of the steam entering the com- 

ponents on the floor. Thus, the mass of steam in the main steam line 

between the reactor and the turbine and the mass in the moisture separators 

must be estimated to calculate the time delay through each. Table 3-4 khows 

the mass inventories, mass flow rates, and age of entering steam for the 

turbine components on the floor, all at full power conditions. These values 

will change for lower power levels. 

Table 3-5 then shows the contained. inventories calculated for each component 

based on 1.0 pCi/g of either N-16 or C-15 at the RPV nozzle. These were 

calculated with time-share'; routines which are based on Equation (3-1). 



Table 3-4 

MASS FLOW CONDITIONS I N  TURBINE COMPONENTS ON DRESDEN 2 
OPERATING FLOOR AT 100% POWER 

11.6 m of 20-in. 0 .d.  steam l i n e  
e n t e r i n g  h igh  p r e s s u r e  t u r b i n e  

High p res su re  t u r b i n e  

In termedia te  p ip ing  (36-in 0 .d . ) :  

Upstream of C I V 1 s  - 18.2 m 

Downstream of C I V ' s  - 31.7 m 

C I V s  

Low pressu re  t u r b i n e s  

Mass 
Inventory 

(kg) 

Mass Flow Rate 
6 

(kg/h x 10 

4.42 

Age of Enter ing 
Steam (sec)  

1 . 7  

Table 3-5 

CONTAINED INVENTORIES I N  D-2 TURBINE EQUIPMENT 
(BASED ON 1 . 0  pCi/g of N-16 OR OF C-15 AT RPV NOZZLE) 

Component 
N-16 Inventory C-15 Inventory 

(Ci> (Ci) 

11.6 m of 20-in. 0.d. steam l i n e  0.0548 0.0394 

High p res su re  t u r b i n e  0.172 0.121 

In termedia te  p ip ing  (36-in. 1 .d . ) :  

Upstream of C I V ' s  - 18.2 m ' 0.0538 0.0194 

Downstream of C I V ' s  - 31.7 m 0.0915 0.0315 

c I V '  s 0,0871 0.0308 

Low pres su re  t u r b i n e s  0.245 0.0804 



The d i f f e r e n c e  between t h e  N-16 i n v e n t o r i e s  and t h e  C-15 i n v e n t o r i e s  i s  

caused by t h e  C-15's more r ap id  decay. The i n v e n t o r i e s  l i s t e d  i n  Table  3-5 

were t h e  b a s i s  f o r  c a l c u l a t i n g  bo th  t h e  ope ra t i ng  f l o o r  dose r a t e s  a s  w e l l  

a s  t h e  a i r - s c a t t e r e d  dose r a t e s  t o  r e c e i v e r s  o u t s i d e  t h e  Dresden 2 t u r b i n e  

bu i ld ing .  

To c a l c u l a t e  ope ra t i ng  f l o o r  dose r a t e s ,  t h e  QAD-F computer code was a g a i n  

u t i l i z e d .  Three d e t e c t o r  l o c a t i o n s  on t h e  ope ra t i ng  f l o o r  and one d e t e c t o r  

on t h e  roof were s e l ec t ed . .  Models of each of t h e  t u r b i n e  components i n  

Table  3-5 were set up i n  t h e  QAD-F geometry and dose r a t e s  c a l c u l a t e d  based 

on t h e  i n v e n t o r i e s  shown. F igure  3-5 shows t h e  t h r e e  d e t e c t o r  l o c a t i o n s  

on t h e  f l o o r  and t h e  f o u r t h  d e t e c t o r  on t h e  roof d i r e c t l y  above t h e  

c e n t e r  of low p r e s s u r e  t u r b i n e  hood "B". Note t h a t  one would expect  De tec to r  2 

t o  be one of t h e  h i g h e s t  l o c a t i o n s  i n s i d e  t h e  s h i e l d  w a l l  without  be ing  i n  

d i r e c t  c o n t a c t  w i t h  any of t h e  components, whi le  De tec to r s  1 and 4  would b e  

expected t o  be  r e p r e s e n t a t i v e  of comparat ively h igh  r ead ings  o u t s i d e  t h e  

s h i e l d  w a l l s .  A l l  d e t e c t o r s  were 1 .3  m above t h e  f l o o r  o r  r o o f ,  r e s p e c t i v e l y .  

Tables  3-6 and 3-7 show t h e  dose r a t e  c o n t r i b u t i o n  from each component a t  

t h e  s e l e c t e d  d e t e c t o r  l o c a t i o n s  w i th  eve ry th ing  s t i l l  based on 1 .0  pCi/g 

of e i t h e r  N-16 o r  C-15 a t  t h e  RPV nozz le .  

Note t h a t  t h e  c o n t r i b u t i o n s  from C I V ' s  1, 2,  and 3 and a s s o c i a t e d  p ip ing  t o  

t h e  dose r a t e s  a t  De tec to r s  1, 2, and 3 were neg lec t ed  because t h e  l ine-of -  

s i g h t  between t h e s e  sources  and those  d e t e c t o r s  i s  h e a v i l y  sh i e lded  by t h e  

t u r b i n e  i t s e l f .  The i r  c o n t r i b u t i o n  t o  t h e  dose r a t e  a t  Detec tor  4 ,  however, 

i s  accounted f o r .  Because C I V ' s  1, 2., and  3 and C I V ' s  4 ,  5 ,  and 6  a r e  

symmetric w i th  r e s p e c t  t o  Detec tor  4 ,  t h e  c o n t r i b u t i o n s  from t h e  C I V ' s  on 

e i t h e r  s i d e  of t h e  t u r b i n e  a r e  t h e  same f o r  t h a t  d e t e c t o r  l o c a t i o n .  The 

inventory  i n  t h e  s team l i n e s  e n t e r i n g  t h e  h igh  p r e s s u r e  t u r b i n e  was t r e a t e d  

conse rva t ive ly  by assuming i t  a l l  t o  be i n  t h e  p ipe  on t h e  same s i d e  of t h e  

t u r b i n e  a s  t h e  d e t e c t o r  p o s i t i o n .  The informat ion  i n  Tables  3-6 and 3-7 

may be  used t o  e s t i m a t e  what dose r a t e s  on t h e  o p e r a t i n g  f l o o r  of Dresden 2 

would be  f o r  any given N-16 and C-15 concen t r a t i ons  a t  t h e  RPV nozz le .  



Table'  3-6 

N-16 OPERATING FLOOR DOSE RATES 
(FOR 1 p C i  N-16 Gm STEAM) 

De tec to r  1 Detec tor  2  Detec tor  3  Detec tor  4  
Component (mR/hr) (mR/hr) (mR/hr) (mR/hr) 

11.6 m of 20-in. 1 .d .  
s team l i n e  

High p r e s s u r e  t u r b i n e  . 

DIV-4 and p ip ing  

CIV-5 and p ip ing  

CIV-C and p i p i n g  

Low p r e s s u r e  t u r b i n e  "A" 

Low p r e s s u r e  t u r b i n e  "B" 

Low p r e s s u r e  t u r b i n e  "C" 

T o t a l  4.74-2 7.16+0 5.97-3 4.50-1 

a  Note 1.16-4 = 1.16 x 10  -4 



, T a b l e  3-7 
\ 

C-15 OPERATING FLOOR DOSE RATES 
(FOR' 1 pCi C-15/Gm STEAM) 

Component 

11.6  m of 20-in. 0 .d .  
s team l i n e  

High p r e s s u r e  t u r b i n e  

CIV-4 and p i p i n g  

CIV-5 and p i p i n g  

CIV-6 and p i p i n g  

Low p r e s s u r e  t u r b i n e  "A" 

Low p r e s s u r e  t u r b i n e  "B" 

Low p r e s s u r e  t u r b i n e  "C" 

T o t a l  

D e t e c t o r  1 
(mR/hr) 

D e t e c t o r  2 
(mR/hr 1 

D e t e c t o r  3 
(mR/hr) 

D e t e c t o r  4 
(mR/hr) 

a 
Note 4.86-5 = 4.86 x 

+ G0:.5z;'1,2,3) 
2.68-1 
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3.2.1.3 Environmental Gamma Radiation Level? at Dresden 2 

A large number of sources contribute to the environmental gamma radiation 

levels on the ~resden site. In addition to inventories on the turbine 

operating floor of both Dresden 2 and Dresden 3, there are contributions 

from waste and surge tanks located outside the plant building, contributions 

from natural background (both terrestrial and cosmic) and fallout, and a 

contribution from the Dresden 1 turbine, which has no shielding surrounding 

it. The contribution from the Dresden 1 turbine is the major portion of 

current site gamma radiation levels. l Thus, there would. have to be a quite 

signdSbcant increase I n  N-16 and C-15 concen t r a t ions  at  Dresden 2 be fo re  

the total site gamma radiation levels would be substantia1ly.changed. 

This section reports on calculations done to estimate the contribution to 

the total gamma radiation level from the inventories in turbine equipment 

above the operating floor for Dresden 2 at a large number of detector loca- 

tions in several directions about the Dresden 2 turbine building. Only air- 

scattering was considered; building-scattered and direct line-of-sight contri- _ 
butions from Dresden 2 should be negligible. The starting point for the 

air-scattering calculation is the contained inventories in Table 3-5. These 

contained inventories are then each multiplied by a self-shielding factor to 

obtain equivalent point sources. The self-shielding factors are a measure of 

how much shielding is provided by the very material making up the turbine 

component containing the inventory of interest and are derived from data in 

appropriate QAD-F runs. Self-shielding factors for. the turbine components 

modeled here are taken from Reference 5. The same self-shielding factors 

are used for N-16 and C-15 inventories. Table 3-.8 shows the self-shielding 

factors used and the resulting equivalent point source strengths. Note that 

the equivalent point sources are considered to be isotopic. Self-shielding 

actually is a strong function of the angle at which the source to detector 

ray emerges from the turbine component. For this calculation, self-shielding 

factors are generally conservatively selected for a direction or angle 

having the least amount of self-shielding by the actual turbine component 

itself. For example, this might be a direction ray perpendicular to the 

high pressure turbine axis. 



The computerized data-handl ing procedure SKREEN' was used t o  c a l c u l a t e  

e s t ima ted  a i r - s c a t t e r  dose r a t e s  f o r  t h e  equ iva l en t  p o i n t  sou rces  shown i n  

Table  3-8. Table  3-9 shows t h e  coo rd ina t e s  of t h e  d e t e c t o r  p o s i t i o n s  

s e l e c t e d ,  where t h e  X a x i s  i s  co inc iden t  w i t h  t h e  tu rb ine-genera tor  a x i s  

and t h e  Y a x i s  i s  pe rpend icu l a r  t o  i t  and an ex t ens ion  of t h e  common w a l l  

of u n i t s  2 and 3. Table  3-10 l is ts  t h e  N-16 and C-15 a i r - s c a t t e r  dose 

r a t e s  a t  each d e t e c t o r  l o c a t i o n .  A l l  of t h e  va lues  a r e  s t i l l  normalized t o  

u n i t  a c t i v i t i e s  of N-16 and C-15 a t  t h e  RPV nozz le .  

Table  3-8 

EQUIVALENT POINT SOURCES FOR D-2 AIR-SCATTERING CALCULATION 
(BASED ON UNIT STEAM ACTIVITIES) 

Se l f -  N-16 Equiva len t  C-15 Equiva len t  
Sh ie ld ing  Po in t  Source Poin t  Source 

Component Fac to r  Inventory  (Ci)  Inventory  (Ci) 

11.6 m of 20-in 0.d. steam 0.45 0.0247 0.01.77 
l i n e  (2.6 cm wa l l )  

High p r e s s u r e  t u r b i n e  0.042 0.00722 0.00508 

In t e rmed ia t e  p ip ing :  

Upstream of C I V 1 s  - 18.2 m 0.661 0.0356 0.0128 
(1.27 cm w a l l )  

D o w n s t r e a m o f C I V 1 s -  3 1 . 7 m  0 .661 '  0.0605 0.0208 
(1; 27 cm w a l l )  

Low p r e s s u r e  t u r b i n e s  0.052 0.0127 0.00418 



Table 3-9 

DETECTOR LOCATIONS FOR DRESDEN 2 AIR-SCATTER CALCULATION 
(BASED ON UNIT STEAM ACTIVITIES) 

De tec to r  X S  m - Y, m Desc r ip t i on  

152 m North of Dresden 2 LPT "B" 

305 m North of Dresden 2 LPT "B" 

457 m North of Dresden 2. LPT "B" 

609 m North of Dresden 2 LPT "B" 

762 m North of Dresden 2 LPT "B" 

914 m North of Dresden 2 LPT "B" 

1067 m North of. Dresden 2 LPT "B" 

152 m West of Dresden 2 

305 m 

457 m 

6 09 

762 

914 

1 4  0 1067 1067 

1 5  .-52 86 Southwest currier of A d m i l ~ i s t r a t i o n  Bui ld ing  

16  -90 9 0 Northwest co rne r  of V i s i t o r s  Center  

17 -133 6 7 Park ing  Lot "Center" 

18 67 58 ' SuuL11 cu i l le i  of 2 /3  Cr ib  House  

19 145 39 Southeast  co rne r  of 34 Kv Relay House 



Table 3-10 

AIR-SCATTER EXPOSURE RATES FROM DRESDEN 2 TURBINE COMPONENTS ABOVE TURBINE 
OPERATING FLOOR (BASED ON UNIT STEAM ACTIVITIES) 

Detector 

N-16 Air-Scatter C-15 Air-Scatter 
Exposure Rate Exposure Rate 

Location (mR/yr) (mR/yr) 

1 152 m north 

2 305 m north 

3 457.m north 

4 609 m north 

5 762 m north 

6 914 m north 

7 1067 m north 1.292-2 3.941-3 

152 m west 

305 m west 

457 m west 

609 m west 

762 m west 

914 m west 

1067 m west 

Admin. Building 

Visitor's center 

Parking lot center 

213 crib house 

34 Kv relay house 

*2.902+0 = 2.902 x 10" etc. 



3.2.1.4 Operat ing F loor  Dose Rate Calcua t ions  f o r  Typica l  BWR/6 Arrangement 

These c a l c u l a t i o n s  were c a r r i e d  ou t  i n  a  very  s i m i l a r  f a sh ion  t o  t hose  done 

f o r  Dresden 2  wi th  t h e  fo l lowing  except ions :  

a .  The B W R / ~  t u r b i n e  ope ra t ing  f l o o r  arrangement was considered t o  

have f o u r  mois ture  s epa ra to r - r ehea t e r s  (MSR's) l oca t ed  on t h e  

ope ra t ing  f l o o r .  

b. Experience gained frnm t h ~  n r ~ s d ~ n  7 c a l c u l a t i o n s  ind ica t ed  t h a t  

f n r  mnst r l ~ t ~ r t n r  11.ir:ations on the opa ra t ing  f l o o r ,  t h c  nenrcst 

(or  l a r g e s t )  sources  were t h e  major c o n t r i b u t o r s  t o  t h e  t o t a l  dose 

s a t e .  This  e f f e c t  w i l l  be  evcn o t rongcr  f o r  t h e  DWR/6 ~ p e r a t i ~ g  

f l o o r  arrangement t h a t  was used.  Thus, dose r a t e s  near  t h e  "ho t t e s t "  

components (wi th  s h i e l d i n g  included where app ropr i a t e )  were ca l cu la t ed  

i n d i v i d u a l l y  f o r  each important  component. P a s t  exper ience  wi th  

measurements a t  ope ra t ing  p l a n t s  was a l s o  drawn upon i n  dec id ing  

what sources  t o  cons ider  i n  doing t h e s e  c a l c u l a t i o n s .  

c .  The presence  of MSR's on t h e  ope ra t ing  f l o o r  mean-s there.  a l s o  i s  

crossover  p ip ing  from t h e  MSR's t o  t h e  C I V ' s .  This  c rossover  

p ip ing ,  p l u s  t h e  MSR's themselves,  a r e  t h e  majar c o n t r i b u t o r s  t o  

t h e  a i r - s c a t t e r e d  dose r a t e s  o u t s i d e  t h e  t u r b i n e  bu i ld ing .  

F igu re  3-6 shows t h e  modified t u r b i n e  ope ra t ing  f l o o r  arrangement used f o r  

t h e s e  BWR/6 c a l c u l a t i o n s .  The o r i g i n a l  arrangement from t h e  C .  F. Braun 

s t anda rd  SAR was modified by sho r t en ing  t h e  o r i g i n a l  two MSR's and adding an 

a d d i t i o n a l  two MSR's f o r  a  t o t a l  of f o u r .  Crossover p ip ing  f o r  t h e  second 

p a i r  of MSR's was a l s o  added. The MSR's were considered t o  each have an 

a c t i v e  l eng th  of 16m. Only the turbine components on t h e  ope ra t ing  f l o o r  

shown i n  F igure  3-6 were considered.  The a i r - s c a t t e r i n g  c a l c u l a t i o n  was 

done both wi th  and wi thout  s h i e l d i n g  l i d  s l a b s  over t h e  MSR's and crossover  

p ip ing .  Also, f o r  t h e  a i r - s c a t t e r i n g  c a l c u l a t i o n ,  a l l  s h i e l d i n g  was con- 

s i d e r e d  t o  be i n f i n i t e l y  t h i c k  o r  "black." Th i s  ope ra t ing  f l o o r  arrangement 

i s  a  good r e p r e s e n t a t i o n  of what w i l l  be  found a t  BWR/6 p l a n t s .  



8 in. Fe SHIELD LP TURBINE B D LP TURBINE C E 

. . .  
Figu re  3-6. Turbine Operat ing F loor  Arrangement 

/ For ~ h / 6  Ca lcu l a t i ons  

Table  3-11 shows t h e  mass f low cond i t i ons  and t h e  mass i n v e n t o r i e s  i n  t h e s e  

t u r b i n e  components a t  f u l l  power. Again, t h e s e  v a l u e s  a l l  vary  w i th  power 

l e v e l .  Also n o t e  t h a t  both i n  Table  3-11 and i n  Table 3-5, t h e  p ip ing  down- 

s t ream of t h e  C I V ' s  is  a c t u a l l y  somewhat sma l l e r  than t h e  upstream p ip ing .  

~ e c a u s e  of t h e  d i f f i c u l t y  i n  documenting t h i s ,  however, they a r e  bo th  

assumed t o  have t h e  l a r g e r  d iameter .  Th i s  i s  s l i g h t l y  conservaefve.  Note 

a l s o  t h a t  Reference 7 was used f o r  es t imated  l e n g t h s  of p ip ing  beneath t h e  

ope ra t i ng  f l o o r  and f o r  main steam l i n e  l e n g t h s  needed t o  c a l c u l a t e  t ime 

de l ays  be fo re  t h e  steam entered  t h e  components.-on t h e  ope ra t i ng  f l o o r .  These 

p ip ing  l e n g t h s  a r e  n o t  exac t  v a l u e s  from a  p a r t i c u l a r  p l a n t  de s ign ,  bu t  a r e  

r e p r e s e n t a t i v e  f o r  BWR/6 p l a n t s .  

The contained N-16 and C-15 i n v e n t o r i e s  i n  t h e  B W R / ~  components on t h e  . 

ope ra t i ng  f l o o r  a r e  shown i n  Table  3-12. These a r e  t h e  i n v e n t o r i e s  used bo th  

i n  t h e  a i r - s c a t t e r i n g  c a l c u l a t i o n  and i n  t h e  ope ra t i ng  f l o o r  dose r a t e  ca lcu-  

.;. l a t i o n s .  For t h e  ope ra t i ng  f l o o r  dose r a t e s  c a l c u l a t i o n s ,  t h e  h i g h e s t  dose  

r a t e s  i n s i d e  t h e  acces s  s h i e l d i n g  w i l l  occur  i n  t h e  v i c i n i t y  of t h e  h igh  



T a b l e  3-11 , 

MASS FLOW CONDITIONS I N  TURBINE COMPONENTS ON BWR/6 OPERATING 
FLOOR AT 100% POWER 

Component 

l l m  o f  28-in. 0 . d .  
s t e a m  l i n e  e n t e r i n g  
h i g h  p r e s s u r e  t u r -  
b i n e  ( 2  l i n e s )  

High p r e s s u r e  
t u r b i n e  

20m of  42-in. 0 .d .  
p i p i n g  (above f l o o r )  
g o i n g  from h i g h  p r e s -  
s u r e  t u r b i n e  t o  MSRs 
( 4 .  l i n e s )  

MSRs 
1 )  S h e l l  s i d e  

b e f o r e  m o s i t u r e  
s e p a r a t i o n  

2)  S h e l l  s i d e  
a f t e r  m o i s t u r e  
s e p a r a t i o n  

3 )  D r a i n  t r o u g h  

4)  F i r s t  s t a g e  
reheater tube 
b u n d l e  

5) Second s t a g e  
r e h e a t e r  t u b e  
h l~nd  1 F! 

178m of  42-in. 0 .d .  
p i p i n g  f rom MSR's t o  
C I V ' s  

CLV'  a 

31m of  42-in. 0 . d .  
p i p i n g  f rom C I V ' s  t o  
low p r e s s u r e  t u r b i n e s  

Low pressure 
t u r b i n e s  

T o t a l  Mass 
I n v e n t o r y ,  

kg 

122  

Mass Flow Rate Age of E n t e r i n g  
( l o 6  k g l h r )  Steam ( s e c )  



Table 3-12 

CONTAINED INVENTORIES I N  BWR/6 TURBINE EQUIPMENT 
(BASED ON 1 . 0  pCi/g OF N-16 OR C-15 AT RPV NOZZLE) 

Component 
N-16 Inventory 

tCi)  

11 m of 28-in. 0.d.  s team l i n e  
e n t e r i n g  h igh  p r e s s u r e  t u r b i n e  
(2 l i n e s )  

High p r e s s u r e  t u r b i n e  

20 m of 42-in. 0 .d .  p ip ing  
from h igh  p r e s s u r e  t u r b i n e  
t o  MSR's (4 l i n e s )  

MSRs 

178 m of 4.2-in. 0.d.  p ip ing  
from MSR's t o  C I V ' s  

C I V ' s  

31 m of 42-in. 0 .d .  p ip ing  
from C I V ' s  t o  low p r e s s u r e  
t u r b i n e  

Low p r e s s u r e  t u r b i n e  

C-15 Inventory 
(Ci)  

p r e s s u r e  t u r b i n e  and t h e  MSR's. Outside t h e  s h i e l d  w a l l s ,  t h e  h i g h e s t  dose  

r a t e  w i l l  occur  a t  t h e  w a l l  s u r f a c e  nea r  t h e  midpoint  of an  MSR. These a r e  

t h e  l o c a t i o n s  where dose r a t e  c a l c u l a t i o n s  were done. 

The f i r s t  ope ra t i ng  f l o o r  dose r a t e  c a l c u l a t i o n s  done were simply f o r  a  number 

of d e t e c t o r  l o c a t i o n s  nea r  an MSR. F igu re  3-7 i s  a  s imple  ske t ch  of t h e  MSR 

and t h e  d e t e c t o r  l o c a t i o n s  and Table '3-13 shows t h e  QAD-F r e s u l t s .  

Note t h a t  c o n t a c t  dose r a t e s  on t h e  c rossover  p ip ing  l eav ing  t h e  MSR's were 

c a l c u l a t e d  t o  be  approximately 12.7 mR/hr f o r  N-16 and 3.27 mR/hr f o r  C-15. 

This  i s  s t i l l  based on 1 . 0  Ci /g  of e i t h e r  N-16 o r  C-15 a t  t h e  RPV nozz le .  

Table  3-14 shows t h e  e f f e c t  of a  conc re t e  s h i e l d  w a l l  upon t h e  dose r a t e  of a  

d e t e c t o r  l coa t ed  a t  t h e  MSR midplane 3  m above t h e  f l o o r  and 30 cm away from 

t h e  o u t e r  s u r f a c e  of t h e  w a l l .  The inne r  s u r f a c e  of t h e  s h i e l d  w a l l  is  4 . 1  m 

from t h e  ' c e n t e r  of t h e  MSR. 



AT MSA 
MIDPLANE 

Figure  3-7. Detector  Locations Near MSR 

Table 3-13 

QAD-F CALCULATED DOSE RATES NEAR BWRIG' MSR 

Detec tor  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

N-16 Dose Rate (mR/hr) C-15 Dose Rate (mR/hr) 

2.64 

3.84 

3.00 



Table 3-14 

QAD-F CALCULATED DOSE RATES ON OTHER SIDE OF SHIELD WALL ADJACENT TO AN MSR 

Sh ie ld  Wall 
Thickness N-16 Dose Rate  (mR/hr) C-15 Dose Rate (mR/hr) 

The o t h e r  major sou rces  on t h e  BWR/6 o p e r a t i n g  f l o o r  i n  a d d i t i o n  t o  t h e  

MSR's and a s s o c i a t e d  c ros sove r  p ip ing  a r e  t h e  h igh  p r e s s u r e  t u r b i n e ,  t h e  

two segments of main s team l i n e  t h a t  r i s e  above t h e  f l o o r  b e f o r e  e n t e r i n g  

t h e  t u r b i n e ,  and t h e  f o u r  segments of turbine-to-MSR p ip ing  t h a t  e x i t  t h e  

t u r b i n e  above t h e  f l o o r ,  bu t  t h e n . d r o p  below t h e  ope ra t i ng  f l o o r  t o  t r a v e l  

t o  t h e  MSR's. Table  3-15 shows t h e  QAD-F c a l c u l a t e d  dose r a t e s  f o r  de tec-  

t o r s  0.9m, 1.5m, 3.0m, and 6.lm from t h e  o u t s i d e  s u r f a c e  of t h e  20 cm 

i r o n  s h i e l d  immediately west  of t h e  h igh  p r e s s u r e  t u r b i n e  and f o r  d e t e c t o r s  

1, 1 .5 ,  3  and 6 . 1  m from t h e  o u t s i d e  s u r f a c e  of t h e  h igh  p r e s s u r e  t u r b i n e  

a long  a  l i n e  pe rpend icu l a r  t o  t h e  t u r b i n e  a x i s  pass ing  through t h e  t u r b i n e  

c e n t e r .  A l l  d e t e c t o r s  a r e  1 . 3  m above t h e  f l o o r .  Dose r a t e s  i n  Table  3-15 

a r e  caused only  by t h e  inventory  conta ined  i n  t h e  h igh  p r e s s u r e  t u r b i n e .  

Table 3-15 

QAD-F CALCULATED DOSE RATES NEAR THE HIGH PRESSURE TURBINE 

De tec to r  Loca t ion  

l m  from Fe s h i e l d  

1.5m from Fe s h i e l d  

3m from Fe s h i e l d  

6.  l m  from Fe s h i e l d  

l m  on pe rpend icu l a r  

1.5m on perpendicu la r  

3m on pe rpend icu l a r  

6.lm on .pe rpend icu l a r  

N-16 Dose Rate  (mR/hr) C-15 Dose Rate  (mR/hr) 

0.00373 

0.00379 

0.00250 

0.00106 

0.573 

0.378 

. 0.172 

0.0745 



I n  r e a l i t y ,  t h e  e i g h t  d e t e c t o r  l o c a t i o n s  i n  Table  3-15 w i l l  see c o n t r i b u t i o n s  

from t h e  h igh  p r e s s u r e  t u r b i n e ,  t h e  p ip ing  e n t e r i n g  and e x i t i n g  t h e  h igh  

p r e s s u r e  t u r b i n e ,  and from t h e  n e a r e s t  MSR. I n  t h i s  c a s e  i t  was conserva- 

t i v e l y  assumed t h a t  t h e  l o c a t i o n  of t h e  MSR was s h i f t e d  s o  t h a t  t h e  midplane 

co inc ided  w i t h  t h e  midplane of t h e  h igh  p r e s s u r e  t u rb ine .  F igure  3-8 shows 

t h e  s i m p l i f i e d  s h i e l d i n g  geometry t h a t  was mocked up. 

Tables  3-16 and 3-17 show t h e  dose r a t e  c o n t r i b u t i o n s  from each source .  

Con t r ibu t ions  from a l l  o t h e r  sou rces  a r e  cons idered  n e g l i g i b l e .  The r a t h e r  

s h a r p  i n c r e a s e  i n  t h e  MSR c o n t r i b u t i o n  t o  t h e  dose r a t e  i n  moving from 

De tec to r  7 t o  Detec tor  8 occurs  because Detec tor  8 is f a r  enough heynnd tlir 

west  end of t h e  MSK model t h a t  t h e r e  i s  a  s i g n i f i c a n t  c o n t r i b u t i o n  through 

t h e  end of t h e  MSR i n s t e a d  of through t h e  s i d e .  Se l f - sh i e ld ing  i n  t h e  d i r e c -  

t i o n  of t h e  MSR end i s  less than  i t  i s  f o r  t h e  s i d e .  Note a l s o  t h a t  t h e  

p i p i n g  e n t e r i n g  and e x i t i n g  t h e  h igh  p r e s s u r e  t u r b i n e  c o n t r i b u t e s  more than  

does  t h e  h igh  p r e s s u r e  t u r b i n e  i t s e l f .  

Table  3-16 

QAD-F CALCULATED N-16 DOSE RATES FOR COMR'INED 
SOURCES NEAR HIGH PRESSURE END OF TURBINE 

High Pres su re  High P re s su re  Turbine- to  
Turbine Steam I n l e t  MSR Pip ing  T o t a l  

De tec to r  (mR/hr) MSR ( m ~ / h r )  T.ines ( m ~ / h r )  ( m ~ / h r )  ( m ~ /  h r  



Table 3-17 

QAD-F CALCULATED C-15 DOSE RATES FOR COMBINED 
SOURCES NEAR HIGH PRESSURE END OF TURBINE 

High Pressure High Pressure Turbine-to 
Turbine Steam Inlet MSR Piping Total 

Detector ( m ~ /  hr ) MSR (mR/hr) Lines (mR/hr) (mR/hr) ( m ~ /  hr ) 

/-- 20-m Fe SHIELD 

NORTH 

HIGH PRESSURE 
TURBINES 

4 ft CONCRETE 
SHIELD 

NOT TO SCALE 

Figure 3-8. Geometry for Combined Source QAD-F Dose Rate 
Calculation 



The dose rates listed in Tables 3-16 and 3-17 are representative of those 

values which would be encountered in a BWR/~ turbine operating floor arrange- 

ment and may be scaled up by the appropriate RPV nozzle concentration factors 

to evaluate the impact of any particular AWC. 

3.2.1.5 Environmental Gamma Radiation Levels for a BWR/6 Plant 

This.section reports on calculations done to estimate the contribution to the 

total environmental gamma radiation levels from the inventories in turbine 

equipment above the operating floor for a BWR/6 turbine operating floor 

arrangement. Just as was done for Dresden 2. the starting pnint f n r  thin 

air-scattering calcukation was the contained inventories in the turbine 

equipment that are listed in Table 3-14. The c n n t a i n e d  Invent,ories were 

multiplied by self-shielding factors to obtain equivalent point sources. 

Table 3-18 shows the self-shielding factors used and the resulting equivalent 

point source strengths. Reference 5 was again used for.self-shielding 

factors. Comments on the variation of self-shielding with direction also 

apply to the BWR/6 arrangement. 

S U E E N  was again used to calculate the estimated air-scatter dose rates; 

the spectral information required was obtained from Reference 7. In the 

cgse of the BwR/~, two sets of calculations were run, one including concrete 

lids over the entire length of the MSR's and crossover piping (but not over 

the turbine itself and with no inner shield walls between the MSR's and the 

turbine), and one without such concrete lids. C. F. Braun's Safety Analysis 

Keport (SAR), which was the starting point for this BW/6 arrangement, 

included lids over the MSR's and crossover piping. 

Table 3-19 shows the N-lb and C-15 air-scatter dose rates at each of 14 

detector locations along 2 detector axes.for the arrangement with and with- 

out MSR lids. Note all these calculations are based on 1.0 i . ~C i / g  of either 

N-16 or C-15 at the KPV nozzle. 
1 

The coordinate system origin is on the operating floor at the center of the 

high pressure turbine. The detector location description "perpendicular" 

and "parallel" are with respect to the turbine-generator axis. The 



Table 3-18 

EQUIVALENT POINT SOURCES FOR BWR/6 AIR-SCATTERING CALCULATION 

Comvonen t 
Se l f - sh i e ld ing  

Fac to r  

l l m  of 28-in 0.d.  
steam l i n e  e n t e r i n g  
h igh  p r e s s u r e  t u r -  
b i n e  (2 l i n e s )  

High p r e s s u r e  
t u r b i n e  

20m of 42-in. 0.d. 
p ip ing  from h igh  
p r e s s u r e  t u r b i n e  t o  
MSR's (4 l i n e s )  

178m of 42-in. 0 .d .  
p ip ing  from MSR1s 
t o  C I V ' s  

31m of 42-in. 0.d.  
p ip ing  from C I V ' s  t o  
low p r e s s u r e  t u r b i n e s  

Low p r e s s u r e  
t u r b i n e s  

N-16 Equivalent  
Po in t  Source 

Inventory  (Ci) 

C-15 Equiva len t  
Po in t  Source 

Inventory  (Ci) 

Table  3-19 

AIR-SCATTER EXPOSURE RATES FROM BWR/6 TURBINE COMPONENTS 
(FOR STEAM ACTIVITY OF UNITY AT RPV OUTLET) 

Detec tor  N-16 Air -Sca t te r  C-15 Ai r -Sca t t e r  
Number Loca t ion  Exposure Rate  (mR/yr) Exposure Rate  (mR/yr) 

, No MSR L ids  MSR L ids  No MSR L ids  MSR L ids  

1 152m, pe rpend icu l a r  14.0 5.7 3.4 1.4 

2 305m, pe rpend icu l a r  3 .3  1 . 3  0.79 0.32 

3 457m, pe rpend icu l a r  0.92 0.37 0.21 0.09 

4 610m, pe rpend icu l a r  0.33 0.14 0.08 0.03 

5 762m, pe rpend icu l a r  0.14 0.07 0.03 0.02 



Table 3-19 

AIR-SCATTER EXPOSURE RATES FROM BWR/6 TURBINE COMPONENTS 
(FOR STEAM ACTIVITY OF UNITY AT RPV OUTLET: (Continued) 

Detector N-16 Air-Scatter C-15 Air-Scatter 
Number Locat ion Exposure Rate (mR/yr) Exposure Rate (m~/~r) 

No MSR Lids MSR Lids No MSR Lids MSR Lids 

914m, perpendicular 

1067m, perpendicular 

152m, parallel 

305m, parallel 

457m, parallel 

6101-11, parallel 

7G2n1, parallel 

914111, parallel 

1067m, parallel 

perpendicular direction vector passes through the center of the high pres- 

sure turbine. The parallel direction vector is coincident on the turbine- 

generator axis and passes through the high pressure turbine toward the low 

pressure end of the turbine-generator. This direction was selected rather 

than the opposite direction ray 180 deg away from it because the reactor 

building situated on the.high pressure end of the turbine building would 

cast'a large "shadow" for any detectors located behind it. 

3.2.2 N-16 Activity Level 

Table 3-20 lists five studies in which N-16 steam activity measurements 

were made during addition of hydrogen.to the coolant of a BWR or of a 

test facility simulating the BWR. These tests occurred on ALPR,~ BORAX 

IV, EBWR,~ HBWR, and in a test loop at R2 in  wede en. l o  Interestingly, 

the results of all five measurements were quite similar in that the steam 

line radiation levels increased by factors in the range of 2 to 10. It 

is recommended that projected dose rate calculations be based on an 

increase of eightfold for the proposed hydrogen addition flow sheets. 



Table 3-20 

EFFECT OF HYDROGEN ADDITION ON N-16 STEAM LINE ACTIVITY 

Feedwa t er 
Reactor ' Absolute N-16 Steam- Steam Line a 
Power H2 Addition Rate 

Temperature Pressure Water Dist. N-16 Fractional 
Reactor (Wt) ("C) (M P. ) Coefficient Increase (mllS~P/kg) 

ALPR 2.7 216 2.17 - 2-6 12-51 

BORAX IV 4.0 216 2.17 4.3 42.3 . - 

Ci 
HBbm 

I 
Ci 
I- HBWR 

Loop 5 at R2 

Loop 5 at R2 

a 
1 cc H2(STP) /kg 0.09 ppm. 

(?I 2: 
m u 
0 

no addition I N 

I j  
no addition 

b 
Could be low by up to a £actor of 4. 



3.2.3 Carbon Chemistry 

The chemical form of C-15 (2.49s) and C-14 (5692y) in the BWR is of interest 

due to the'primary system radiation fields resulting from C-15 and the 

long-term environmental impact of the release of C-14. In addition, ques- 

tions have arisen concerning the expected change in the C-15 carryover upon 

adoption of an AWC for the BWR. 

Of the few fundamental studies of the reactions of hot carbon atoms in 

aqueous solutions that - - have been performed, the most extensive and detailed 
11 11 was made by Stenstrom who studied the reactinns of C atoms in aqueous 

solutions.12 Numerous reaction products were observed and the yield of any 

one product was hund to be dose dependent. 

At low doses (160 rad) C02(23 t I%), CO(32 t I%), HC02H(17 + 2%), H2C0 

(21 + 2%), CH30H(6 f 2%) and CH4(0.2 f 0.03%) are the observed reaction 

products. At the higher doses (>I4000 rad) the principal product is C02. 

The dose rate in the Dresden 2 core during operation has been estimated to 
4 be ?.6.6x10 .rad/sec (neutron + gamma), l 4  and since the in-channel transit 

time is on the order of 1 second, doses considerably in excess of 14000 rads 

are expected and 15c02 (or 14c0 ) should be the principal reaction prdduct 
2 

released frdm the core of the BWR. 

This prediction is supported by the measurements of Kunz, et al., of the 

chemical form of C-14 in the of £gas of Nine Mile Point. l 5  Their measure- 

ment yielded an off-gas composition of 95% CO 2.5% COY and 2.5% hydrocarbons, 
2 ' 

If CO is the principal species produced in the BWR coolant, the fraction 
15 of the CO carried over in the steam c.an he cabculated if high tempersturc 

2 
partitioning and hydrolysis data for CO as well as data for the dissocia- 

2 ' 
tion of water are available. A recent report by J. W. Cobble of San Diego 

State tabulated the high temperature free energy of formation for species 

of interest in the carbonate system, l 6  and Sweeton, et a1 . , , has published 
an excellent article on the dissociation of water. l 7  



From these data the following reactions were pos'tulated for a BWR operating 

at a saturated steam pressure of 7.0 M Pa (1015 psia): 

- 
H2C03 (aq) 

=7 H+ 
(aq) + HCo 3 (aq) K~ = 7.5 x 

- 
HCO + H+ + C O  

2 - 
3 (aq) 3 (aq) 2 

= 3.03 x 10-12m 
(aq) 

Using these equilibrium data, the chemical-species distribution in the 
- 

aqueous phase was calculated to be 99.685% H CO 0.315% HC03 , and 2 3' 
4.0 x CO 2-. Assuming a van der Waals gas for CO the distribution 

3 2 ' 
coefficient was estimated to be 49.5. 

Based upon the Dresden 2 flow and heat balance2 (2527 MW steam flow 
t' 

4.33 x lo6 kglh, and core flow 44 x lo6 kg/hr, the fraction of C02 leaving 

the core that is carried by the steam is 0.845. The remaining fraction, 

0.155, stays with the liquid as H2C03 (chemically identical to CO 
- 2- 2(e))' 

HC03 , and C03 . The other potential chemical species, CO and CH4, are 

more volatile than CO and consequently a greater fraction of these species 2 
will be borne by the stream. Since their contribution to the total volatile 

radiocarbon is minor, it is justifiable to make any engineering projections 

and estimates based upon' only one chemical species, C02. This considera- 

tion has relevance in the calculations of the inventory of C-15 in the 

turbine system components, such as the moisture separator drains. 

The chemical form of radiocarbon under AWC's is not really relevant in 

terms of radiation levels in the steam system since the worst case condi- 

tion is the carryover of the remaining 15.5% of the radiocarbon that had 

remained with the liquid in the non-additive condition. Therefore, the 

maximum fractional increase would be 1.18. This increase in radiation 

level is inconsequential when compared with the expected radiation field 

increases resulting from N-16. 



s t e n s t r o m ' s  t h e s i s  s h e d s  o n l y  l i m i t e d  l i g h t  on what might b e  expec ted  i n  

t h e  BWR. The f o l l o w i n g  s e l e c t e d  d a t a  r e p r e s e n t  t h e  expec ted  t r e n d  i n  t h e  

p r o d u c t  d i s t r i b u t i o n  upon t h e  a d d i t i o n  of r e d u c i n g  s p e c i e s  t o  t h e  aqueous 

sys tems  (Tab le  3-21). 

The p r i n c i p a l  o b s e r v a t i o n  i s  t h a t  t h e  a d d i t i o n  of t h e  r e d u c i n g  s o l u t e  

(CH ) d e c r e a s e s  t h e  y i e l d  of CO w h i l e  i n c r e a s i n g  t h e  y i e l d  o f  CO and 
4  2  

t h e  a ldehydes  and a l c o h o l s  w i t h  o n l y  minor changes  i n  t h e  y i e l d s  of t h e  

c a r b o x y l i c  a c i d s .  S i n c e  t h e  f o r m a t i o n  of a ldehydes  and a l c o h o l s  w i l l  

r e s u l t  i n  C-15 p r o d u c t s  t h a t  a r e  l e s s  v o l a t i l e  t h a n  CO t h e r e  i s  a  r e a l  2 ' 
p o s s i b i l i t y  t ' h a t  t h e  s t eam l i n e  C-15 l e v e l  w i l l  b e  reduced u n d e r  AWC's, 

3.2.4 Expected Dose Rates 

Using t h e  normal ized  d o s e  r a t e  c a l c u l a t i o n s  from S u b s e c t i o n  3 . 2 . l . a n d  t h e  

p r e d i c t e d  changes  i n  N-16 and C-15 a c t i v i t i e s  from S u b s e c t i o n s  3.2.2 and. 

3.2.3, t h e  d o s e  rates expec ted  f o r  a hydrogen a d d i t i o n  f l o w  s h e e t  were  

c a l c u l a t e d .  They are p r e s e n t e d  i n  T a b l e  3-22 which shows t h e  c o n t r i b u t i o n s  

from e a c h  major  equipment p i e c e  on t h e  t u r b i n e  f l o o r .  L o c a t i o n s  of t h e  

p o i n t s  c o n s i d e r e d  are shown i n  F i g u r e  3-5. The C I V ' s  a r e  major  c o n t r i b u t o r s  

and t h e  f e a s i b i l i t y  of c o n t r o l l i n g  r a d i a t i o n  l e v e l s  th rough  t h e  u s e  of 

l o c a l i z e d  s h i e l d i n g  a t  t h e s e  v a l v e s  is  b e i n g  e v a l u a t e d .  Also t h e s e  c a l -  

c u l a c e d  r a d f  a e i o n  l e v e l s  may be checked a g a i n s t  a c t u a l  measured d o s e  r a t e s 1  

i f  t h e  numbers are a d j u s t e d  t o  comparable power l e v e l s .  These comparisons  

show t h a t  t h e  c a l c u l a t e d  v a l u e s  exceed t h e  observed v a l u e s  by a s  much as 

a f a c t o r  of two depending on e x a c t  l o c a t i o n  and modeling d i f f i r . i i l , ty .  

Kecommendations f o r  a d d i t i o n a l  s h i e l d i n g  w i l l  t a k e  t h e s e  d i f f e r e n c e s  i n t o  

c o n s i d e r a t i o n .  I f  a d d i t i o n a l  s h i e l d i n g  i s  added,  a  f o o t - t h i c k  wall oT 

o r d i n a r y  c o n c r e t e  w i l l  r e d u c e  r a d i a t i o n  l e v e l s  by a f a c t o r  of abou t  s i x .  



Table 3-21 

YIELD OF C-11 PRODUCTS IN AQUEOUS SOLUTIONS IRRADIATED 
(1.0 k rad) WITH 185 MeV PROTONS 

llc - 
Concenxration Carboxylic llc llc llc Not Dose Rate 

Solution llc02 -- 1120 Acids Aldehydes Alcohols Hydrocarbons Identified (radlsec) 

None - 71.1 2.1 17.3 6.4 1.9 0.06 1.2 11 

w Ncne - 64.4 2.6 24.4 5.4 
I 

1.8 0.04 1.4 14 
W 
Cn 



Table 3-22 

ESTIMATED DRESDEN 2'TURBINE OPERATING FLOOR DOSE RATES FOR 
PROPOSED HYDROGEN ADDITIVE FLOW SHEET 

Dose Rate  a t  Dose Rate  a t  Dose Rate  a t  Dose Rate  a t  
De tec to r  1 Detec tor  2  Detec tor  3  Detec tor  4  

Component (mR/hr) (mR/hr) (mR/hr) (mR/hr) 

11.6 m of 20-in. 0.0244 17 .3  0.907 11.0 
s team l i n e  t h a t  
e n t e r s  HP t u r b i n e  
above f l o o r  

High p r e s s u r e  0.0429 
t u r b i n e  

CIV-5 and p ip ing  0.00772 1318.0 0.00333 7 3 . 9  

CIV-6 and p ip ing  7 .38x10-~  55.3 9 .44x10-~  15.3 

Low p r e s s u r e  0.370 
t u r b i n e  "A" 

Low p r e s s u r e  0.0278 
t u r b i n e  "B" 

Low p r e s s u r e  0.00132 5.20 4 .45x10-~  6.94 
t u r b i n e  "C" ---- 

( t54 .5  f o r  
CIV-1,2,3) 

149.1 



3.3 TASK B-2. ADDITIVE VOLATILITY/DECOMPOSITION - OFF-GAS SYSTEM 
MODIFICATION (R. J. Law) 

Objective. Each of the potential oxygen suppression additives and its volatile 

decomposition products will be continuously stripped into the steam phase in 

the reactor vessel. These volatile components are subsequently extracted from 

the condenser by the steam jet air ejector (SJAE) and, with any fission product 

gases present, constitute the inlet flow of the off-gas treatment system. The 

exact magnitude of the inlet gas flow to the offgas for each additive must be 

determined. It is possible that the gas flow will be several times larger than 

that in the current, no-additive situation and will dictate an increase in the 

size of the system components and piping. In addition, the altered composition 

(including trace impurities) of the offgas may alter the recombiner performance, 

affect the hydrogen explosion hazard, and will be of special significance if 

hydrogen is to be recycled as the feedwater additive. 

3.3.1 Off-Gas Base Line Impurity MeasuremenCs - ----- 

The objectives of the base line impurity analysis program were to determine the 

concentrations of trace gas components (Kr, Xe, COY C02, NO, NO2, 03, CH4, and 

higher hydGocarbons) in the offgas of a typical BWR. These tests were conducted 

at Nine Mile Point 1 during July and August of 1978 as a supplementary task to 

the Alternate Water Chemistry Additive Program. The results will be used to 

evaluate (a) the potential interaction of the impurities with an additive, and 

(b) the overall effects of these impurities in the various modifications being 

postulated for the off-gas system. 

Nine-Mile Point 1 was selected as the test site since it has a recombiner 

typical of present BWR off-gas systems and there existed an approved sampling 

device in the Improved Noble Gas Retention System (INGR) that was tied into the 

, off-gas system at the proper location. This eliminated the cost and time of 

installing sample taps, sampling hardware and obtaining subsequent site agree- 

menrs, approvals, and procedures. 



3.3.1.1 Tes t  Loca t ion  

The test  equipment was l o c a t e d  on t h e  250-ft l e v e l ,  southwest corner  of t h e  

Nine Mile  Poin t  1 t u r b i n e  b u i l d i n g ,  ad j acen t  t o  t h e  30-min holdup p ipe .  

The I N G R  sampling system was used t o  supply an  off-gas  sample f o r  a n a l y s i s  

t hen  r e t u r n  i t  t o  t h e  main condenser f o r  subsequent off-gas  t rea tment .  

F igu re  3-9 i n d i c a t e s  t h a t  p o r t i o n  of t h e  system used f o r  t h e s e  tests. 

3.3.1.2 S i t e  Condi t ions  

The Nine Mile P o i n t  1 off -gas  f low r a t e  was checked d a i l y  du r ing  t h e  t e s t i n g  

pe r iod .  One week p r i o r  t o  t h e  i n i t i a t i o n  of t h e  t e s t i n g ,  t h e  of f -gas  f low 

rate increased  from 5.7 L/S t o  8 .5  L/S.  Th i s  h ighe r  r a t e  p e r s i s t e d  

throughout  t he  d u r a t i o n  of t h e  a n a l y s i s  program. 

The e l e c t r i c  ou tpu t  du r ing  t h e  test per iod  was approximately 520 MW. The 

d e r a t e d  ou tput  was caused by t h e  l o s s  of one recii :culation pump and t h e  

end-of-cycle (EOC) coast-down. 

3.3.1.3 T e s  L EquipmeuL 

The a n a l y s i s  equipment used f o r  t h e s e  t e s t s  i s  i d e n t i f i e d  i n  Table  3-.23 

f o r  each component. 

The i n l e t  and o u t l e t  t i e - i n s  of t h e  a n a l y s i s  equipment t o  t h e  INGR sampling 

system a r e  diagrammed i n  F igures  3-10 through 3-13 f o r  each of t h e  techniques  

used.  
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Figure  3-10 shows t h e  gas  chromatograph (GC) sampling c o n t r o l s  and f low pa ths  

f o r  t h e  c a l i b r a t i o n  and sample .gases .  The GC sample loop p r e s s u r e  w a s  main- 

t a i n e d  by t h e  backpressure  regulator,'BPR-1, l oca t ed  i n  t h e  r e t u r n  l ine , .  The 

ro t ame te r ,  RM-1, w a s  used t o  v e r i f y  t h a t  t h e  r equ i r ed  volume of sample gas  

(purge)  passed through t h e  loop be fo re  t h e  nex t  a n a l y s i s  (>5  t i m e s  t h e  GC 

loop volume).. A schematic  diagram of t h e  i n t e r n a l  GC f low pa ths  and c o n t r o l s  

i s  shown i n  F igu re  3-14. 

The mass spec t rometer  (MS) sample flow p a t h  used t o  measure K r  i s  shown i n  

FIgurt! 3-11. T l ~ r  PIS s u p l e  p u p  (VB=P) was used .tu draw the saluple Lu Llir 

mass spec t rometer  and reduce  t h e  p re s su re  upstream of  t h e  f i r s t  o r i f i c e  (5'0-1). 

The oil-vacuum pump (VP-2) was used t o  reduce t h e  p r e s s u r e  upstream of t h e  

second o r i f i c e  (FO-2) and t o  main ta in  a low p r e s s u r e ,  ( e l00  mtor r )  downstream 

of .  t h e  turbo-molecular pump (VP-3). The a n a l y s i s  c o n t r o l  p o i n t  f o r  t h e  mass 

spectrometer  was t h e  i n t e r n a l  t o t a l - p r e s s u r e  of t h e  ana lyze r  chamber ( 1 . 0 ~  

10-6 t o r r )  measured w i t h  a n  ion  gauge (IG). This  p re s su re  w a s  maintained f o r  

Table 3-23 

INSTRUMENTATION 

1. Tracor  G a s  Chromatograph, MT-150 Xe, CO,  C02, CH4 and h igher  
hydrocarbons 

2. Das ib i  Ozone Monitor,  Model 8000 O3 

3. Wager  Adsorpt ion Tubes (NO and NO2) NO, N02, 03, Cc2 

4. UTI Mass Spectrometer  K r  

5 .  EGG 880 Dew Po in t  Hygrometer Humidity 
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t h e  a n a l y s i s  of both t h e  sample and c a l i b r a t i o n  gases .  The MS output  s i g n a l  

w a s ,  t h e r e f o r e ,  a d i r e c t  measurement of t h e  K r  p a r t i a l  p r e s s u r e .  

F igu re  3-12 shows t h e  sampler c o n t r o l s  r equ i r ed  f o r  t h e  s p e c i f i c  ozone moni- 

t o r .  Opera t iona l  d e t a i l s  f o r  t h e  above techniques a r e  i n  t h e  t e s t  p l a n  and 

procedure f o r  t h i s  t a s k .  

The NO and NO2 a n a l y s i s  w a s  performed wi th  t h e  backup adso rp t ion  tubes  due t o  

a mal funct ion  of t h e  primary monitor ing system. For low NOx concen t r a t ions ,  

t h e  monitor d e t e c t i o n  c e l l  con ta ins  a ve ry  t h i n  membrane which apparent ly  was 

damaged dur ing  shipment.  A i t e r  cons ide rab le  t e s t i n g ,  a  second c e l l  was 

shipped t o  t h e  s i t e  i n  a n e u t r a l  p r e s s u r e  con ta ine r .  A l l  p r ecau t ions  were 

taken  t o  prevent  membrane damage. Af t e r  ex t ens ive  tests were performed wi th  

t h e  new d e t e c t o r ,  as per  d i s c u s s i o n s  wi th  t h e  manufacturer ,  t h e  exac t  problem 

could s t i l l  not  be diagnosed o r  so lved  wi thout  r e t u r n  of t h e  e n t i r e  system t o  

t h e  f a c t o r y .  
I 

Both t h e  monitor and adso rp t ion  tube measuring techniques were s e l e c t e d  ' for  

t h e i r  performance wi th  r a d i o a c t i v e  gas samples.  Other NO and NO2 a n a l y s i s  

techniques  have been t e s t e d  o r  examined by Gas Techno10gy;e.g.~ GC, MS, 

chemiluminescence and wet chemistry.  S ince  t h e  n i t r o g e n  oxides  a r e  v e r y  

r e a c t i v e  and a r e  u s u a l l y  p re sen t  a t  low concen t r a t ion  i n  t h e  o f fgas ,  GC 

techniques  do n o t  provide  t h e  r equ i r ed  accuracy and p r e c i s i o n .  The mass 

spec t rometer  w a s  no t  u sab le  s i n c e  i n t e r f e r e n c e  due t o  h igh  concen t r a t ions ' o f .  

mass neighbors  N2 and 02 f o r  NO and ~0~ f o r  NO2 Chemi.luminescent d e t e c t o r s  

were t e s t e d  f o r  t h e  KRB s tudy .  This  type  of de fec fo r  was too sensitive t o  

r a d i a t i o n  emi t ted  from t h e  g a s  sample. Wet chemistry techniques  were no t  

cons idered  f o r  NMP-1 because of t h e  gas r e l e a s e  hazards and t h e  expense of 

s p e c i a l  wet chemistry f a c i l i t i e s  r equ i r ed  a t  t h e  sampling l o c a t i o n .  

F igu re  3-13 shows t h e  sampling schematic  used wi th  t h e  adso rp t ion  tubes .  The 

e x a c t  procedures ,  tests, and supplementary c a l i b r a t i o n s  r equ i r ed  f o r  t h e  

a d s o r p t i o n  tube  method a r e  contained i n  t h e  test procedures .  . 



3.3.1.4 Analysis  and Resu l t s  

The o p e r a t i o n a l  d e t a i l s  f o r  each component a n a l y s i s ,  except  f o r  NO and NO2,  

a r e  l oca t ed  i n  t h e  t e s t  procedure and t h e  a s s o c i a t e d  s t a n d a r d . o p e r a t i n g  o r  

c a l i b r a t i o n  procedures .  The f i n a l  concen t r a t ion  r e s u l t s  of t h e  measured 

impur' i t ies w i t h  t h e  lower measurable l i m i t s  a r e  l i s t e d  . i n  Table 3-24. 

I n  gene ra l ,  t h e  d e t e c t i o n  l i m i t  was based on a s ignal- to-noise r a t i o  of 2 : l .  

The a n a l y s i s  of N(WN02 was complicated by t h e  closed-loop approach r equ i r ed  

t o  ana lyze  t h e  r a d i o a c t i v e  gas ,  ve r sus  t h e  normal u se  of t h e  tubes  u t i l i z i n g  

t h e  open-exhausted .hand-pump. The tube  markings a r e  c a l i b r a t e d  f o r  a p a r t i c -  

u l a r  number of pump s t r o k e s .  Although t h e  pump volume (100 cc)  w a s  a c c u r a t e ,  

t h e  f low v a r i e s  from >I000 cclmi'n t o  zero  i n  a non l inea r  manner dur ing  each 

s t r o k e .  This  type  of f low c h a r a c t e r i s t i c  could n o t  be d u p l i c a t e d  w i t h  t h e  

closed-loop sampling system. The response  of t h e  d e t e c t i o n  tube  t o . v a r i a t i o n s  

i n  cons t an t  f low r a t e s  were measured and a r e  r epo r t ed  i n  t h e  t e s t  f i l e ,  

Sec t ion  4.2.2.11. The responses of t h e  tubes  tested wi th  off-gas'  samples a r e  

l i s t e d  i n  Table  3-25. 

Table  3-24 

OFFGAS IMPURITY CONCENTRATIONS AT NINE MILE POINT 1, SUMMER OF 1978 

Component Concent ra t ion  

(v~pm)  a 

K r  1.1 

X e < (0.2) 

co 1.1 

C02 700 

CH4 2.8 

Higher Hydrocarbons <(0.1)  

Not ~6 - +3. 

NO2 e(0 .2)  

03 ~ ( 0 . 0 3 )  

avppm = volumetr ic  p a r t s  per  m i l l i o n  

De tec t ion  Limit  
( V P P ~ )  



Table 3-25 

QUALITATIVE RESULTS OF VARIOUS ADSORPTION TUBES TO OFF-GAS SAMPLES 
( a t  100 sccm f o r  5 min) 

Tube Type 

NO + NO2 (NO ca t a lyzed  t o  NO2) 

Ozone 

Response 

Blue co lo r  change 

No change 

No change 

According t o  t h e  manufacturer ,  on ly  c h l o r i n e  (C12) and Ozone (03) i n t e r f e r e  

w i t h  t h e  s e l e c t i v i t y  of t h e  NO2 d e t e c t i n g  agent .  The t o t a l  n i t r o g e n  oxides  

measured wi th  t h e  NDtN02 t y p e  tube  a r e  obta ined  by ox id i z ing  t h e  NO t o  NO2 

i n  t h e  sample gas  w i t h  a C r  ( V I )  c a t a l y s t  l oca t ed  i n  t h e  tube  i n l e t .  The 

NO2 type  tube  does n o t  c o n t a i n  CR (VP) and is no t  s e n s i t i v e  t o  NO. No 

response  w a s  observed us ing  t h e  NO2 o r  t h e  03 type  tubes ;  t h e r e f o r e ,  on ly  NO 

and n o t  NO2, O3 o r  C 1 2  was r e s p o n s i b l e  f o r  t h e  c o l o r  change i n  t h e  N(WN02 

tubes .  The l a c k  of response  w i t h  t h e  03 d e t e c t i o n  tubes  confirms t h e  r e s u l t  

ob ta ined  p rev ious ly  w i t h  t h e  ozone monitor .  

3 .3.1.5 Discussion I 

The Nine Mile  P o i n t  1 r e s u l t s  were s i m i l a r  t o  those  obta ined  from previous  

s t u d i e s  performed a t  KRB and a r e  a l s o  i n  agreement w i t h  v a l u e s  expected from 

tu rb ine -bu i ld ing  a ir  in leakage .  Turbine bu i ld ing  a i r  ana lyses  were per- 

formed for K r ,  CO, C 0 2  and NWN02. These rests showed a sfluflar u u u l ~ L  uf 

K r ,  l e s s  t han  ha l f  a s  much CU and ve ry  l i t t l e  NCHN02 (<U.1 ppm). It appears  

t h a t  CO and NO a r e  genera ted  i n  t h e  r e a c t o r  system o r  recombiner.  

Two a c c i d e n t a l  r e l e a s e s  of C02 i n t o  t h e  250-ft  l e v e l  from t h e  f i r e  ex t inguish-  

ment sys tem.occurred  1 and 2 weeks p r i o r  t o  t h e  C02 of f -gas  a n a l y s i s .  There 

w a s  no s u r e  way of determining i f  t h e s e  r e l e a s e s  had any e f f e c t  on t h e  l a t e r  

C02 a n a l y s i s  b u t  measurements of t h e  l o c a l  t u r b i n e  b u i l d i n g  a ir  f o r  C02 

(300 vppm) agreed w i t h  t h e  r epo r t ed  normal a i r  concen t r a t ion .  The 700 vppm 



C02 va lue  measured i n  t h e  o f fgas  i s  s i m i l a r  t o  t he  h igh  concen t r a t ions  

obta ined  a t  KRB i n  1971 (800 t o  1000 vppm).and i n  1974 (1500 vppm). 

The p o t e n t i a l  i n t e r a c t i o n s  of t h e s e  i m p u r i t i e s  w i t h  t h e  proposed a d d i t i v e s  

and t h e  e f f e c t s  on t h e  off-gas t rea tment  system a r e  be ing  eva lua ted .  

3.3.2 Off-Gas System Mass Balances 

The mass balance f low s h e e t s  f o r  t h e  s ingle-pass  hydrogen a d d i t i o n  cases  t o  

maintain 10 ppb and 50 ppb 02 i n  t h e  c o r e  e x i t  water  a r e  shown i n  Fig- 

u re s  3-15 and 3-16, r e s p e c t i v e l y .  

3 .3.2.1 P o t e n t i a l  Problems 

For t h e s e  two cases ,  t h e  hydrogen i n  t h e  steam i s  p a r t i a l l y  recombined w i t h  

the  condenser in leakage '  oxygen i n  t h e  off-gas c a t a l y t i c  recombiner. The 

excess  hydrogen then  pas ses  through t h e  off-gas t rea tment  system w i t h  t h e  

condenser in leakage  n i t rogen .  This  s ing le-pass  approach i s  s imple  b u t  

c e r t a i n  ques t ions  must be answered b e f o r e  t h i s  approach can be  u t i l i z e d .  The 

major concerns a r e :  

a.  Opera t iona l .  The t o t a l  f low r a t e  through t h e  off-gas t rea tment  

system could be  2 t o  3 t i m e s  t h e  des ign  f low r a t e ,  depending on 

t h e  l e v e l  of hydrogen a d d i t i o n .  A t  t h e  h ighe r  flow r a t e s ,  t h e  

o p e r a t i o n  of t h e  des i ccan t  d r y e r ,  used t o  cond i t i on  t h e  o f f g a s  t o  

an  a p p r o p r i a t e  dew p o i n t ,  would be marginal .  The decontaminat ion 

f a c t o r  provided by t h e  a c t i v a t e d  carbon column would be reduced 

and t h e  p r e s s u r e . d r o p  a c r o s s  t h e  off-gas system would be increased  

a t  t h e  h igher  f low r a t e s .  

b. Sa fe ty .  The off-gas hydrogen concen t r a t ion  downstream of t h e  

recombiner would be approximately 80 pe rcen t .  Any air  in l eakage  

i n t o  t h e  off-gas system would c o n s t i t u t e  an  explos ion  hazard. The 

General E l e c t r i c  suppl ied  of f -gas  t rea tment  systems o p e r a t e  a t  a 



Figure 3-15. Hydrogen Addition-10 ppb.Oxygen in Core Exit Water 
(One Pass for Hydrogen) 
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Figure 3-16. Hydrogen Addition-50 ppb Oxygen in Core Exit Water 
(One Bass for Hydrogen) 
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s l i g h t  p o s i t i v e  p ressure  such t h a t  a i r ,  inleakage should not  be a 

problem. However, some off-gas systems supplied by o ther  vendors' 

ope ra te  a t .  a negat ive  pressure .  A i r  inleakage i n t o  these  systems 

could be a p o t e n t i a l  problem. 

The single-pass hydrogen add i t ion  is a simple approach requ i r ing  no changes 

t o  the  present  off-gas system i f  the  i d e n t i f i e d  problem a r e a s  can be 

proper ly  addressed. 

3.3.2.2 Improved System 

One method f o r  r e so lv ing  t h e s e  problem a r e a s  is  t o  add oxygen immediately 

upstream of the  off-gas recombiner. With oxygen add i t ion ,  the  gas flow r a t e  

downstream of t h e  recombiner is  reduced and the  explosion hazard is el iminated 

because the  hydrogen is  t o t a l l y  recombined. Figures 3-17 and 3-18 show t h e  mass 

balance flow s h e e t s  f o r  hydrogen a d d i t i o n  t o  maintain 10 ppb and 50 ppb 02 

i n  the  co re  e x i t  water and with oxygen add i t ion  a t  t h e  i n l e t  of the  off-gas 

recombiner t o  ox id ize  . e s s e n t i a l l y  a l l  t h e  hydrogen i n  t h e  of fgas .  

\ 

With t h i s  oxygen add i t ion  approach the  off-gas flow r a t e  i s  below the  design 

va lue  of the  off-gas t reatment system. The composition of the  of fgas  down- 

stream of the  recombiner would be e s s e n t i a l l y  only n i t rogen;  thus e l iminat ing  

t h e  s a f e t y  problems. 

A prel iminary des ign of an oxygen a d d i t i o n  system i s  shown.in Figure.3-19. 

The equipment and i n s t a l l a t i o n  c o s t s  f o r  the  oxygen a d d i t i o n  system have been 

est imated and a r e  shown i n  Table 3-26. The operat ing c o s t s  f o r  t h e  oxygen 

would be approximately $6500/mo f o r  the  1 0  ppb case and $3000/mo f o r  the  

50 ppb r e a c t o r  water oxygen concentra t ion  case. 

3.3.3 Current A c t i v i t i e s  

E f f o r t  on t h i s  t a s k  is being d i rec ted  toward developing the  mass balance flow 

s h e e t s  f o r  the  o the r  two a d d i t i v e s  and f o r  the  hydrogen add i t ion  wi th  hydrogen 



Figure 3-17. Hydrogen Addition-10 ppb Oxygen in Core Exit Water 
(One Pass for Hydrogen and Oxygen Addition to 
Recombine Hydrogen) 
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Figure 3-18. Hydrogen Addition-50 ppb Oxygen in Core Exit Wat@r 
(One Pass for Hydrogen and Oxygen Addition to 
Recombine Hydrogen) 
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s e p a r a t i o n  downstream of t h e  off-gas recombiner. This  t a s k  w i l l  be  completed 

d u r i n g  t h e  forthcoming q u a r t e r .  

Table 3-26 

O2 ADDITION SYSTEM EQUIPMENT AND INSTALLATION COST 

I. Liquid  oxygen supply  system c o n s i s t i n g  of a  6000-gal v e s s e l  
and v a p o r i z e r  and i n s t a l l a t i o n  $ 80K 

11. Oxygen a d d i t i o n  c o n t r o l  system 

A.  Equipment c o n s i s t i n g  of 02 ana lyze r s ,  f low element ,  
cont.rollPrs, ~l;lll,ves and pip ing  

B. Engineering,  i n s  t a l l a t i o n  and t e s t i n g  

T o t a l  



3.4 TASK B-3. COOLANT LEAKAGE MONITORING (L . L . ~ u n h b e r ~ )  

Objec t ive .  Uncorrected condenser leakage  can qu ick ly  exhaust  t h e  BWR f u l l  

f low,  condensate  demine ra l i ze r s  and i n j e c t  u n d e s i r a b l e  i m p u r i t i e s ,  i nc lud ing  

c h l o r i d e ,  i n t o  t h e  r e a c t o r  water .  With i o n i c  a d d i t i v e s  such a s  NH o r  N H 
3  2  4'  

t h e  condensate  conduc t iv i t y  becomes about  35 pS/cm and s imple conduc t iv i t y  i s  

no- longer  a  s e n s i t i v e  leakage  monitor ing technique .  An a l t e r n a t i v e  leakage  

d e t e c t i o n  system must be s e l e c t e d  and eva lua t ed .  

3 .4 .1  Chlor ide  Monitor 

An i n - l i n e  s p e c i f i c - i o n  e l e c t r o d e  c h l o r i d e  monitor ha s  been r ece ived  from 

i t s  vendor ,  Orion Research Corpora t ion .  The u n i t  is  ve ry  s i m i l a r  t o  t h e  

sodium monitor i n  many r e s p e c t s .  The t o t a l  s i z e  of t h e  package, plumbing, 

p o l i s h i n g  coldmn, and dynamic c a l i b r a t o r  a r e  i d e n t i c a l .  There a r e ,  however, 

two s u b t l e  d i f f e r e n c e s .  I n  t h e  c h l o r i d e  a n a l y z e r ,  t h e  process  s t ream pas se s  

through 2  f e e t  of d i f f u s i o n  tub ing  which i s  immersed i n  88% formic a c i d .  Gas 

phase d i f f u s i o n  uf formic a c i d  lowers  t h e  pH of tha sample s t ream,  thereby  

dec reas ing  t h e  concen t r a t i on  of OH- and improving t h e  s e l e c t i v i t y  o£ t h e  e l ec -  

t r ode .  The pH of t h e  e f f l u e n t  i s  roughly 3.0. There i s  no tempera ture  com- 

pensa t ion  c i r c u i t r y  i n  t h e  c h l o r i d e  monitor .  The temperature  i s  he ld  

cons t an t  by a  c i r c u l a t i n g  water  b a t h  which o p e r a t e s  a t  4OC (39°F).  

3.4.2 Instrument  C a l i b r a t i o n  

The sodium and c h l o r i d e  moni tors  w e r e  i n s t a l l e d  i n  t h e  l a b o r a t o r y  and 

c a l i b r a t e d  u s ing  mechanical ly  d r i v e n  c a l i b r a t i o n  s y r i n g e s  and s t anda rd  

c a l i b r a t i o n  s o l u t i o n s  of NaC1. I n  s p i t e  of t h e  o v e r a l l  s i m p l i c i t y  of t h e  

s y r i n g e  c a l i b r a t o r s ,  they were checked and a r e  ve ry  a c c u r a t e .  A known s t anda rd  

was  i n j e c t e d  a t  v a r i o u s  f low r a t e s  i n t o  t h e  process  s t ream (40 m&/min). The 

c a l c u l a t e d  s tandard  v a l u e s  and t h e  meter r ead ings  a r e  i n  e x c e l l e n t  agreement 

w i t h i n  t h e  l i m i t a t i o n s  of read ing  t h e  meter. 
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The c a l i b r a t i o n  of t h e s e  ana lyze r s  r e q u i r e s  extremely a c c u r a t e  d e l i v e r y  on 

t h e  c a l i b r a t o r  and ro t ame te r s .  These devices  a r e  c a l i b r a t e d  by c l a s s i c a l  

s t o p w a ~ c h / g r a v f m e t r i c  techniques .  If  and when t h e s e  u n i t s  go t o  a  s i te ,  formal 

c a l i b r a t i o n  procedures  w i l l  be  generated.  

The a b i l i t y  t o  observe  sodium and c h l o r i d e  "free" water  appears  q u i t e  good. 

Alrer C a l i b r a t i o n ,  t h e  b u i l d i n g  demineral ized water  was passed thruugh t h e  

ion-exchange  column^ b u i l t  i n t o  t h e  systems. The c h l o r i d e  monitor indeed 

read  0  ppb, i n  t h e  absence of f l o ~ ~ p e r t l l r h a t i o n s .  The base  l i n e  solliuu~ 

v a l u e  was 0.15 ppb ( lowest  w a l e  reading  0 . 1  ppb, zero  undelined oa l oga r i t hmic  

s c a l e ) .  The mixed bed r e s i n  column i s  manufactured by Barnsted.  The p a r t i c u -  

l a r  r e s i n s  a r e  HCR ( c a t i o n )  and SBR-P (an ion) .  These acronyms a r e  from Nalco 

Chemical Co. ( N a l c i t e ) ,  t h e  m a t e r i a l  d i s t r i h i ~ t o r .  Thus, t h e  c a t i o n  r e s i n  

could  b e  Duo l i t e  C-20 (Diamond A l k a l i ) ,  Dowex 50 (Dow), C-240 ( Ionac) ,  o r  



! 

Amberl i te  IR-120  o ohm & Haas) ; t h e  an ion  could b e  D u o l i t e  A - l O l D ,  Dowex 1, 

Ionac A-540 o r  Amberl i te  IRA-402. The nominal mesh ' s i ze  i s  30-50. For con- 

s i s t e n c y ,  i t  would be worthwhile t o  purchase r e s i n s  and f a b r i c a t e  columns. 

S ince  t h e  d i r e c t i o n  of f low through t h e  column is  upward, a  f i n e r  mesh s i z e  

could be  t o l e r a t e d  f o r  b e t t e r  po l i sh ing .  

3.4.3 Instrument  S t a b i l i t y  and S e n s i t i v i t y  Tes t i ng  

The systems w e r e  run  f o r  approximately 1 month on l a b o r a t o r y  demineral ized 

wa te r ,  from t h e  same o u t l e t .  Chlor ide  l e v e l s t r a n g e d  from 1 t o  4  ppb, sodium 

from 0.4 t o  1 .0  ppb. Long-term s t a b i l i t y  under s t e a d y - s t a t e  cond i t i ons  

appeared e x c e l l e n t .  The manufacturer  recommends t h a t  t h e  d i f f u s i o n  tub ing  

( s i l i c o n e  rubber )  i n  t h e  c h l o r i d e  monitor be  r ep l aced  on a  biweekly b a s i s ,  

owing t o  short- term deg rada t ion  from e x t e r n a l  c o n t a c t  w i th  formic a c i d ;  t h e  

same tub ing  which is  used i n  t h e  sodium monitor  has  a  quoted longev i ty  of  

6 months. 

The range of t h e  rece ived  c h l o r i d e  monitor was O t o  50 ppb ( l i n e a r  s c a l e ) .  

Th i s  was c o n t r a d i c t o r y  t o  t h e  range s p e c i f i e d  on t h e  purchase o r d e r  (0  t o  

250 ppb).  Orion has  agreed t o  r e t r o f i t  t h e  e l e c t r o n i c s  t o  g ive  u s  t h e  

d e s i r e d  range.  

Response t ime f o r  t h e  c h l o r i d e  monitor i s  e x c e l l e n t .  F u l l  range  upsca l e  

response  i s  10  sec  a t  a  f low r a t e  of 40 mR/min; downscale response  i s  about  

30 s e c .  The sodium monitor  i s  somewhat worse (10 min f u l l  downscale response  

f o r  complete recovery ,  ' equ iva l en t  upsca l e  response  t ime) .  On both ,  a  l a g  t i m e  

of 45 s e c  is  observed from t h e  t i m e  t h e  sample f i r s t  e n t e r s  t h e  system a t  a  f low 

r a t e  of 40 mR/min. 

A second series of c a l i b r a t i o n  d a t a  f o r  t h e  c h l o r i d e  monitor was genera ted  i n  

t h e  fo l lowing  manner: A s t o c k  s o l u t i o n  (2325 ppb CR-) was i n j e c t e d  i n t o  t h e  

po l i shed  d i l u t a n t  (0 ppb Ck-) a t  f ou r  cons t an t  f low r a c e s  (0.35, 0.43, 0.52, 

0.70 m /min).  When t h e  d i l u t a n t  flow r a t e  was 40 m /min, t h e  corresponding 

concen t r a t i ons  were 20, 25, 30, and 40 ppb CR-, r e s p e c t i v e l y .  I nc reas ing /  

dec reas ing  t h e  flow r a t e  of t h e  d i l u t a n t  would t h e r e f o r e  d e c r e a s e l i n c r e a s e  t h e  



c h l o r i d e  concen t r a t ion  when t h e  i n j e c t i o n  r a t e  is he ld  cons t an t .  The. 

t h e o r e t i c a l  concen t r a t ions  f o r  t h e s e  experiments can  be  der ived  from t h e  
/ 

fo l lowing  equat ion .  . 

where 

C i s  concen t r a t ion  

Subsc r ip t  i is  i n j e c t a n t  

Subsc r ip t  d  i s  d i l u e n t  

The manufacturers  recommended d i l u e n t  (sample) flow r a t e  is  40 mRlmin. The 

r e s u l t s  f o r  va r ious  NaCl concentrat i -ons and sample flow r a t e s  a r e  given i n  

Table  3-27 and F igu re  3-20. 

I n  most ca ses ,  t h e  agreement between t h e  observed and c a l c u l a t e d  v a l u e s  i s  

r easonab le  when t h e  f low r a t e  is  maintained c l o s e  t o  the manufac turer ' s  

recommended va lue .  Dev ia t ions  a r e ,  however, s u b s t a n t i a l l y  g r e a t e r  when t h e  

f low r a t e  and/or  concen t r a t ion  i s  lower. This  was confirmed wi th  another  

experiment .  The monitor was c a l i b r a t e d ,  and t h e  concen t r a t ion  of Laboratory 

deminera l ized  water  measured a s  a  f u n c t i o n  of sample f low r a t e .  Readings 

were recorded 5 min a f t e r  adjustment .  The d a t a  a r e  shown i n  F igu re  3-20 

w i t h  t h e  d a t a  from t h e  sodium monitor.  While t h e  sodium ana lyze r  showed 

n e g l i g i b l e  (11 any) response  t o  changes i n  flow r a t e  from 35 t o  50 m!L/min, 

t h e  c h l o r i d e  monitor gave l a r g e  v a r i a t i o n s  d e p i c t i n g  an  i n v e r s e  p a r a b o l i c  

c o r r e l a t i o n  between t h e  two parameters .  A s i g n i f i c a n t  improvement on t h e  

f low r e g u l a t i o n  system i s  s o r e l y  needed i f  meaningful d a t a  a r e  t o  be  

ob ta ined  i n  t h e  v i c i n i t y  of 0  t o  5 ppb. 



Flow Rate 
I n j  ec t a n t  

Table 3-27 

CHLORIDE MONITOR PERFORMANCE 

Chlor ide  Concent ra t ion  ( D D ~ )  
Di luent  
m!L/min Calcula ted  Measured 

42 

o f f  s c a l e  

26 

3 0 

3 3 

39 

2 0 

2 3 

25 

36 

3 8 

o f f  s c a l e  

o f f  s c a l e  

14 

2 0 

16 

29 

Various subs tances  were i n j e c t e d  i n t o  t h e  ana lyze r  i n l e t s  t o  observe chemical 

t r a n s i e n t  responses a t  base  l i n e  l e v e l s .  While 2 mR of concent ra ted  ammonia 

caused t h e  c h l o r i d e  monitor  t o  go o f f ,  s c a l e  h igh  ( c h l o r i d e  impuri ty  o r  OH- 

response) ,  t h e  sodium monitor remained unchanged. This  i s  important  i n  t h a t  

t h e  condenser l e a k  can be  de t ec t ed  dur ing  a  major ammonia t r a n s i e n t .  The 

i n j e c t i o n  o f  2 1 M  HNOj caused t h e  sodium monitdr t o  go o f f  s c a l e  h igh ,  

w h i l e  t h e  c h l o r i d e  monitor d r i f t e d  s l i g h t l y  upward. A i r . i n j e c t i o n s  caused 

t h e  flow r a t e  i n  bo th  systems t o  dec rease ,  y i e l d i n g  t h e  expected p o s i t i v e  

response i n  t h e  c h l o r i d e  monitor.  The sodium ana lyze r  was nor a f f e c ~ e d .  



10 N a+ 20 30 
CHLORIDE 

0 6.1 0.2 0.3 0.4 0.5 . 0.6 0.7 0.8 0.9 
SODIUM 

F i g u r e  3-20. Ch lo r ide  and Sodium Monitor V a r i a t i o n  With Sample Flow. Kate  



3.4.4 System Modifications 

In addition to improvement of the flow regulation system on the ch1orid.e monitor 

3 transparent cooling wat.ek housfng which jackets the electrode chamber should 

be added. The unit does not permit an inspection for entrapped airlsteam bub- 

bles in the vicinity of the electrode tip without complete disassembly. Since 

bubbles can only be unfavorable to the system, this retrofit is essential. 

The maximum sampie temperature the sodium monitor can tolerate is 50°C. Above 

this temperature, the compensation circuitry is not linear. The cooling water 
I 

bath for the chloride monitor does not have sufficient capacity to handle an 

incoming stream whose temperature is greater than 45OC. Thus, larger sample 

coolers, similar to those employed for corrosion product sampling, are required 

for both systems. If and when the units are,on line in a power plant, strict 

attention must be given to the cooling water supply. If cooling water is shut 

off, inadvertently or otherwise, the electrodes may be irretrievably damaged. 

The chloride analyzer evaluation cannot be completed until an electronic retro- 

fit which yields 0 to 250 ppb full scaFe is obtainld. The sodium monitor 

appears to be ready for use in a power plant if the following.minor design 

changes (which are also recommended for the chloride monitor),are made: 
\ 

a. Improve the sample rotameter, 

b. Improve the pressure regulator, 

c. Replace the flow control valve, 

d. Introduce a flow transducer upstream of the rotameter, 

e. Have a multipoint recorder or data acquisition system available 

to monitor 'concentration, temperature and flow rate, 

f. Filter and process stream prior to the s,odium or chloride monitor 

inlet, and 

g. Introduce a thermistor In che analyzer d i a i f i  l ines. 



3.5 TASK B-4. PLANT MATERIALS COMPATIBILITY (B. M. Gordon) 

Objective. A primary concern in the application of an AWC to the BWR is the 

possibility .of materials-coolant incompatibilities which might be introduced. 

This task, in addition to evaluating the necessary and limiting additive and 

oxygen concentrations necessary to mitigate stress-corrosion cracking tenden- 

. cies in the primary coolant loops, will investigate the general corrosion 

behavior of normally encountered BWR materials in the proposed additive 

chemistry environment. 

The tests in the program are specifically designed to not only demonstrate 

that the various AWC's do indeed prevent stress-corrosion cracking of typical 

BWR structural materials, but also do not ig tjie!nselves prnd11r.e any rl~trim~ntnl 

or unacceptable corrosion problems. 

3.5.1 Constant Extension Rate Tests (F. P. Ford, Corporate Research and 
Development Center, Schenectady, N.Y.) 

The effect on the stress-corrosion susceptibility of sensitized Type-304 

stainless steel of adding 20 ppm ammonia to BWR quality water at 288OC has 

been evaluated for vskious oxygen-levels in the water. 

-4 
The evaluation was made by the CERT technique at a strain rate of 1.3 x 10 

-1 
minute , the cracking response being measured in terms of a "maximum" 

crack-propagation rate defined by [maximum observed crack penetrationltest 
1 

time], as discussed previously. This method n f  eval ~~atinn and presentation 

is preferred over the standard technique of comparison of duc.tility parameters 

(elungation, reduction in area etc.), especially when attempting to distinguish 

between small differ'ences in stress-corrosion susceptibil.ity. 

The results are tabulated in Table 3-28 and are shown in Figure 3-21 for 

initially smooth specimens and in Figure 3-22 for notched specimens. 



Table 3-28 

EFFECT OF AMMONIA OK STRESS CORROSION CRACKING-OF TYPE-304 STAINLESS STEEL AT 288OC 

Maximum Crack Tes t  
, YS UTS Pene t r a t i on  O2 Time Ve loc i ty  

Specimen (ks  i )  (lksi) % RA ( i n .  ) (-1 (h r )  ( P P ~ )  (mi l s lday)  

(a) Smooth Specimens 

Argon 

1 A l  

0.2 ppm 0, Nomsnal 

0.01 ppm 02 Nominak 

1A4 19.50 71.00 
1A18 19.00 70.40 
1 B 1  19.04 71.17 
1B4 17.10 71.60 

(b)  Notched (0.013 i n .  depth)  Specimens 

Argon 

0.2 ppm 0 Nominal 2 
1A7 23.71 166.87 
l B l O  22.36 72.27 
1B7 20.54 62.60 

0.05 ppm O2 Nomina.1 

1 ~ 9  29.18 77.64 
1B6 22.6 76.46 

0.01 ppm 0 Ncminal 2 
1A8 23.10 77.94 
1B8 18.11 66.04 
1B5 22.10 74.40 
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Figu re  3-21. Crazk P ropaga t i on  Rate  v e r s u s  Oxygen Content f o r  
S m o ~ t h  Samples 
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TYPE304 STAINLESS STEEL (HEAT X14902) 6 5 0 ' ~  X 24 hr + 500'6 X 24 hr 

NOTCHED (0.013in. DEPTH) SAMPLES 

'; = 1.3 X lo4 min-l 
' 

2 8 8 ' ~  WATER 

A 1ST BATCH (IASAMPLES) NO AMMONIA 

0 2ND BATCH (IB-SAMPLES) NO AMMONIA 

0 3RD BATCH (IBSAMPLES) 20 ppm AMMONIA 

I/G-TIG A IIG-TIG 

0 IIG-TIG 

IIG-TIG 
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BATCH 1B- 

I I 1 I I 1 1  I I I I I I I I  1  I 1  1 1 . 1 1 1  1 I 1 1 1 L  

i 0-3 1 o - ~  10-I 1 oO 
OXYGEN CONTENT (pprn) 

Figure  3-22. Crack Propagat ion Rate Versus Oxygen Content f o r  
Notched Samples 



The conclus i6ns  a r e :  

a .  There i s  a. d i f f e r e n c e  i n  r e s u l t s ,  f o r  t hose  tests wi thout  ammonia 

a d d i t i o n ,  between those  specimens p re f ixed  1A and those  p re f ixed  1 B .  

(These ba t ches  were hea t - t r ea t ed ,  nominally under t h e  same cond i t i ons ,  

- bu t  a t  d i f f e r e n t  t imes;) Th i s  d i f f e r e n c e  i n  r e s u l t s  i n  most marked 

on t h e  i n i t i a l l y  smooth specimens (F igure  1 )  and is  most l i k e l y  

r e l a t e d  t o  a n  a l t e r a t i o n  i n  t h e  e a s e  of c r ack  nuc lea t ion ;  no te ,  f o r  

i n s t a n c e ,  t h a t  i n  t h e  0.2 ppm oxygen s o l u t i o n  I / G  c racking  was n o t  

i a i c i aLed  i n  the 1B s e r i e s  (Specimen lB2) ,  whereas i t  was i n  t h e  1 A  

s e r i e s  (Specimen 1 ~ 3 ) .  .As expected,  t h c r c  was n o t  such a luarkad 

d i f f e r e n c e  i n  behavior .between t h e ' t w o ' b a t c h e s  us ing  prenotched 

samples (F igure  3,-z?) , whtrr ~ l l u n ~ l c a l  crack t l i ic ieat ion modes (which 

could be  dependent on minor v a r i a t i o n s  I n  h e a t  t rea tment )  a r e  super- 

seded by mechanical c r ack  n u c l e a t i o n  modes. 

b .  The maximum I / G  c r ack  propagat ion  r a t e  decreases  w i th  dec reas ing  

oxygen c o n t e n t ,  t h e  c r ack  morphology changing from I /G t o  T /G .  A s  

noted above, however, t h e r e  is a cons ide rab le  oxygen range over  

.which t h i s  morphology change t a k e s  p l a c e ,  and t h i s  may a l s o  b e  a 

func t ion  of minor va r i a t imns  i n  hea t  t rea tment .  The T/G c rack  

propagat ion  r a t e  fs rssent,j.al.l.y independent of o~cygen con ten t .  

A t  a g ivcn  o~rygen con ten t ,  L11e ease  of T /G  c r ack  n u c l e a t i o n  i s  

e a s i e r  ( s e e  second q u a r t e r l y  r e p o r t )  than  I / G  c r ack ing ,  b u t  t h e  

c r ack  propagat ion  rat .es  a r e  cons iderably  lowcr ( c . f .  1B2 wi th  1B3). 

c .  The e f f e c t  of ammonia was i n v e s t i g a t e d  using  t h e  1B s ~ r i e ~  of 

samples. There i s  n o t  a major e f f e c t  of ammonia con ten t  (20 ppm) 

on crack-propagat ion r a t e  f o r  a given c rack  morphology. e .g . ,  

compare 1B4 w i t h  1 B 1  and 1B2 f o r  T/G cracking  on smooth specimens, 

and 1B5 wi th  1B8 f o r  prenotched specimens. Any d i f f e r e n c e  d e t e c t e d  

i n  t h e  mixed-mode cracking  range  c i r c a  0.2 ppm 0 can be  r e l a t e d  t o  
2 

t h e  d i f f e r e n t  amounts of slow T/G and f a s t . 1 1 ~  cracking .  For 
+ 

i n s t a n c e ,  t h e  h ighe r  propagat ion  r a t e s  f o r  1B7 (20 ppm NH4) compared 



wi th  l B l O  (no ammonia) can be r e l a t e d  t o  t h e  h igher  percentage  of 

I / G  c racking  i n  t h e  former ca se ;  a s i m i l a r  exp lana t ion  can be  given 

f o r  t h e  h ighe r  propagat ion r a t e  of 1B3 wi th  r e s p e c t  t o  1B2. It i s  

unclear  a t ' t h i s  s t a g e  whether ammonia r e a l l y  promotes t h e  f a s t e r  

I / G  c racking  mode ( i . e . ,  t h e r e  a r e  i n s u f f i c i e n t  d a t a  t o  make such 

a p o s i t i v e  c l a im) ,  bu t  i n  t h e  s i t u a t i o n  where only I / G  SCC i s  - 
observed i n  p r a c t i c e  (e .g . ,  BWR o p e r a t i o n s ) ,  i t  would be  r easonab le  

t o  conclude t h a t  ammonia a d d i t i o n s  do no t  have a s i g n i f i c a n t  e f f e c t  

on c rack  propagat ion  r a t e s .  

3.5.2 Hydrogen Addit ion T e s t s  

Work i s  p r e s e n t l y  concent ra ted  on T e s t s  l B l l  - 1B13, i . e . ,  t h e  e f f e c t  of 0 .2 ppm 

H a d d i t i o n  t o  v a r i o u s  oxygen-containing s o l u t i o n s  on t h e  SCC of s e n s i t i z e d  
2 

Type-304. D i f f i c u l t i e s  p e r s i s t  i n  t h e  a t tempt  t o  s a t i s f a c t o r i l y  ana lyze  t h e  

d tsso lved  hydrogen con ten t ;  t h e  p re sen t  problem be ing  t h e  c o n t i n u a l  mechanical 

breakdown of t h e  gas-sampling r e c i r c u l a t i o n  pump. 

3.5.3 S t r a i n i n g  E lec t rode  Tes t s  (M. Ind ig )  

A s e r i e s  of SET t o  determine t h e  e f f e c t s  of d i s so lved  oxygen and hydrogen 

( p o t e n t i a l )  on t h e  IGSCC s u s c e p t i b i l i t y  of an  extremely s u s c e p t i b l e  h e a t  of 

Type-304 (Heat No. M7616) has  been completed. A d e t a i l e d  d e s c r i p t i o n  of t h e  
1 ,18  

t e s t  has  been d iscussed  previous ly ,  and thus  only  a b r i e f  summary of t h e  

test background is  presented  here .  

The SET a s  presented  i n  F igu re  3-23, i s  a CERT of a n  e l e c t r i c a l l y  i n s u l a t e d  

t e n s i l e  specimen which i s  maintained a t  a f i x e d  e l ec t rochemica l  p o t e n t i a l .  

I n  a l l  b u t  one of t h e  t e s t  environments t h e  test e l e c t r o l y t e  was a n i t r o g e n  

deaerat.ad 0.01 N Na2S04 s o l u t i o n .  The t e s t s  were conducted a t  274OC (525'F) 

where t h e  SET was i n i t i a t e d  by f i r s t  apply ing  a cons t an t  ex tens ion  r a t e  of 

0.0025 cm/h (0.01 i n / h )  and then  by f i x i n g  t h e  p o t e n t i a l  of t h e  t e n s i l e  
-5 - 1 

specimen. The above s t r a i n  r a t e  i s  approximately 2 x 10 min . The 

au toc l ave  system i s  i l l u s t r a t e d  i n  F igure  3-24. 
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Figure 3-23. Straining Electrode Apparatus 
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' Figure 3-24. Refreshed Water Loop for Electrochemical Studies 



The r e s i s t a n c e  of a  h i g h l y  s u s c e p t i b l e  h e a t  of m a t e r i a l  was eva lua ted  i n  SET'S 

a t  274OC and (with t h e  except ion  of one run)  i n  0 . O 1  N Na SO . "As-welded 
2 4 

(w) and "as-welded-plus-low-temperature-sensitized' '  (W+LTS) cond i t i ons  were 

t e s t e d  a t  vary ing  p o t e n t i a l  and wi th  and without  hydrogen a d d i t i o n .  

The r e s u l t s  a r e  presented  i n  Table 3-29. They a r e  ranked accord ing  t o  i nc reas -  

i n g  r e s i s t a n c e  t o  IGSCC w i t h  t h e  hydrogen gas  s t u d i e s  a t  t h e  bottom (most 

r e s i s t a n t ) .  The parameters  used i n  ranking t h e  specimens r e s i s t a n c e  t o  IGSCC 

a r e  t yp ica l .mechan ica1  f a c t o r s  such a s  t ime t o  f a i l u r e ,  r educ t ion  of a r e a ,  

pe rcen t  e longa t ion  and mode of f a i l u r e .  

Table  3-29 shows t h a t  a s  t h e  p o t e n t i a l  nf w ~ l d e d  s t a i n l c a s  s t e e l  i s  reduced ,  

t h e  s u s c e p t i b i l i t y  t o  IGSCC decreases .  An e l ec t rochemica l  p o t e n t i a l  o f .  

-U.4UU V appears  t o  m i t i g a t e  IGSCC of as-welded Type-304. When t h e  
SHE 

specimen r e c e i v e s  an  a d d i t i o n a l  LTS t r ea tmen t ,  s eve re  IGSCC occurred a t  

-0.400 VSHE. Dropping t h e  p o t e n t i a l  an a d d i t i o n a l  0.050 V produced only  
SHE 

a s l i g h t  improvement i n  t h e  IGSCC response.  However, when t h e  p o t e n t i a l  i s  

reduced t o  a  l e v e l  which s imu la t e s  t h e  presence  of hydrogen (-0.750 V 
SHE) the 

r e s u l t s  a r e  d rama t i ca l ly  d i f f e r e n t .  The ca thod ic  p o t e n t i a l  i s  t h e  e l e c t r o -  

chemical  equ iva l en t  of approximately 4 ppm d i s so lved  hydrogen a t  274°C and 
, 

I 

produced d u c t i l e  f a i l u r e  w i t h  only  minor amounts of t r ansg ranu la r  c racking .  

S ince  annealed s t a i n l e s s  s t e e l  e x h i b i t s  some TGSCC under t h e  same test con- 

d i t i o n s ,  TGSCC, per  se, does n o t  warran t  p a r t i c u l a r  engineer ing  cons ide ra t ion .  

A s i m i l a r  experiment was conducted i n  t h e  same 0.01 N Na SO e l e c t r o l y t e  
2 4 

where t h e  p o t e n t i a l  was c o n t r o l l e d  hy t h e  d i r e c t  a d d i t i o n  of hydragcu LU Ll~e 

system vaehet  t han  e l ec t rochemica l  c o n t r o l  w i th  a  p o t e n t i o s t a t .  The r e s u l t s  

of t h i s  s tudy  were c h a r a c t e r i z e d  by s i m i l a r  mechanical proper ty  v a l u e s  a s  

produced i n  t h e  p r i o r  t e s t  where hydrogen was only  sj,mulstcd. The t ime t o  

f a i l u r e  (206 V ~ T S I J S  216 h r ) ,  r e d ~ l c t ~ o n  of area (28.6 ve r sus  26.6%) and 

e l o n g a t i o n  va lves  (14.9 v e r s u s  13.6%) a r e  e s s e n t i a l l y  t h e  same f o r  t h e  

hydrogen gas  and hydrogen s imu la t ion  s t u d i e s ,  r e s p e c t i v e l y .  The specimen i n  

t h e  hydrogen gas t e s t  was c h a r a c t e r i z e d  by a frar.tr.lre morphology of s e v e r e  

s u r f a c e  TGSCC w i t h  some minor IGSCC p e n e t r a t i o n s  a t  t h e  t i p s  of t h e  micro- 

f i s s u r e s .  The specimen o v e r a l l  f a i l u r e  mode was over  90% d u c t i l e .  
.r 



Table 3-29 

STMINING ELECTRODE RESULTS FOR GELDED TYPE-304 STAINLESS STEEL (HEAT NO. 1 )  AT 274OC i n  0 . 1  N Na SO 
( S t r a i n  Rate  of 2x10-5 min-1) 2  4  

F r a c t u r e  

Process  P o t e n t i a l  Stress U T S ~  T f C  R . A . ~  ~ l o n ~ ~  
Code (SHE) MPaa ( k s i )  MPa ( k s i )  (H) (x) (%> F a i l u r e  Morphology - - - 

W -0.100 421 (61) 372 (54) 78 . 11.5 4 .1  IGSCC 

W -0.300 614 (89) 448 (65) 161 26.7 10.4 O . ~ I G S C C ~ ,  0 . 3 D u c t i l e  

W -0.400 862 (125) 483 (70) 262 44.2 14.7 D u c t i l e  

W -0.400 814 (118) 531 (77) 255 38.9 15.6 D u c t i l e  

Wgrd+LTS -0.100 31 7  (46) 276 (40) 39 5.0 1 .6  IGSCC 

WLT S -0.400 310 (45) 303 (44) 64 2.5 4.5 IGSCC 

WLTS -C .450 545 (79) 455 (66) 234 26.7 7.9 IGSCC,  Some D u c t i l e  

W+LT S -0.75C. 669 (97) 489 (71) '216 26.6 13.6 D u c t i l e ,  minor TGSCC 

Y' WLTS -0.65 (H2) 620 (90) 448 (65) 206 28.6 11.7 Severe s u r f a c e  TGSCC 
l l  
w some IGSCC p e n e t r a t i o n  

>90% d u c t i l e  f a i l u r e  

W+LT S -0.55 !H2) 586 (85) 448 (65) 1 5 3 ~  23.0 12 .3  gene ra l  s u r f a c e  TGSCC 
>90% d u c t i l e  f a i l u r e  

%laximum l o a d / f a i l u r e  c r o s s  s e c t i o n  
b 

Ul t imate  t e n s i l e - s t r e n g t h  - maximum l o a d / o r i g i n a l  c ros s - sec t ion  
C Time t o  f a i l u r e  
d ~ e d u c t  i o n  i n  a r e a  
e ~ l o n g a t  i o n  
' 1n i t i a t ed  by s h o r t  t r ansg ranu la r  c rack  on I l . machined s u r f a c e .  
g ~ o t e n t i a l  c o n t r o l l e d  by H2 a d d i t i o n  (100 ppb) 
P N O  r e f e r e n c e  e l e c t r o d e ,  no NazS04. 
1 Specimen f a i l e d  a t  notch.  



A t h i r d  hydrogen experiment was performed i n  pure water ,  without  Na SO so  
2 4' 

t h a t  t h e  e f f e c t  of t h i s  subs tance ,  i f  any, could be  eva lua ted .  Also,  no 

r e f e r e n c e  e l e c t r o d e  was used t o  d i scoun t  any e f f e c t  of t h i s  i t em i n  t h e  t e s t  

s e r i e s .  Here a g a i n  t h e  mechanical p r o p e r t i e s  were s i m i l a r  t o  t h e  two o t h e r  

hydrogen experiments  wi th  t h e  except ion  of a  s l i g h t  premature f a i l u r e  of t h e  

specimen due t o  a  smal l  un in t ens iona l  notch a long  t h e  gauge l eng th .  A s  

expec ted ,  t h e  f a i l u r e  which was a l s o  cha rac t e r i zed  by over  90% d u c t i l e  f a i l u r e  

occurred  a t  t h i s  s u r f a c e  i r r e g u l a r i t y .  

Therefore ,  t h e  p o s t - t e s t  examination of Lllese ehree  hydrogen SET tests (one 

s imula ted ,  two actual hydrogen csdcll~lons) r e v e a l  t h a t . t h e  specimens f a i l e d  

by d u c t i l e  r u p t u r e ,  coa lescence  of microvo.ids, w i th  only minor . i nd i ca t ions  

of IGSCC p e n e t r a t i o n s  on one specimen. Transgranu1,sr craeks.did vccur on a l l  

s u r f a c e s  and were o f t e n  a s s o c i a t e d  wi th  s u r f a c e  d i scon t i r l u t i e s  and cold worked 

a r e a s ,  such a s  machining grooves on t h e  i . d .  s e c t i o n  of t h ~  ptpe from which 

specimens were f a b r i c a t e d .  Previous  s t u d i e s  i n  s e v e r a l  l a b o r a t o r i e s  have 

i n d i c a t e d  t h a t . t h e s e  t r a n s g r a n u l a r  c r acks  can be expected t o  occur  i n  CERT 

o r  SET t e s t i n g . t e c h n i q u e s .  These c racks  r e q u i r e  cons ide rab le  s t r a i n  t o  

i n i t i a t e  (approximately 10%) and have no engineer ing  s i g n i f i c a n c e .  18 



3.6 TASK B-5. DEMINERALIZER PERFORMANCE (W. L. Lewis, L. L. Sundberg) 

Objective. Current BWR practice is to use hydrogen form (i.e., acid regenerated) 

cation exchange resins for the bypass clean-up system and the full-flow con- 

densate demineralizers. This practice can be continued when using hydrogen 

as the oxygen-suppressing additive. The use of dissociating additives such 

as ammonia or hydrazine however, dictates the use of an ammonia-based cation 

resin. Use of such ammonia-form resins instead of the acid form causes 

significant deterioration of all aspects of resin performance. 

This task is designed to define the ion-exchange systems necessary to permit 

operation with the ammonia additive and to determine exactly what performance 

penalties will be incurred with such a system, 

3.6.1 Performance Predictions 

A series of calculations has been performed18 to determine the effects of 

additives upon the.BWR water treatment systems. The only additive with no 

apparent deleterious effects upon the ion-exchange resins is hydrogen. The 

other two additives considered, ammonia and hydrazine, affected the Condensate 

and Reactor Water Clean-Up Treatment Systems to such a degree that satisfactory 

operation with other than minor condenser seepage is highly unlikely. The 

latter two additives increase the pH of the feedwater and reactor water and 

reduce the exchange capabilities and capacities of the cation and anion 

resin beds. Of particular concern is.the decreased sodium exchange capability 

of the cation resin in the condensate treatment system with high concentrations 

of ammonia. Additional effects of operation with hydrazine or ammonia which 

must be considered are the exacting physical separation requirements of the 

resins in deep bed regeneration systems and, the necessity for an increased 

volume of chemicals for regeneration. Of interest; also, is the requirement 

for high purity in the regeneration chemicals. D u e  to the alkaline properties 

of the condensate stream, a high level of regenerated sites is required for 

the ion-exchange resins, and a minimum amount of impurities in the regenerating 

stream can be tolerated. 



I n  s h o r t ,  t he  p e n a l t i e s  a s s o c i a t e d  wi th  t h e  use  of ammonia o r  m i n e  a d d i t i v e s  

a r e  s o  se.vere they  may w e l l  p rec lude  f u r t h e r  cons ide ra t ion  of t h e s e  a d d i t i v e s  

a s  v i a b l e  a l t e r n a t i v e s .  

3.6.2 Resin Tes t ing  

Because of t h e  c r i t i c a l  impact t h e  use  of ammonia-based r e s i n s  a t  h igh  pH 

h a s  on t h e  u l t i m a t e  a d d i t i v e  s e l e c t i o n ,  pr .eparat ions a r e  being made t o  

a c t u a l l y  test and compare r e s i n  performance i n  a  San J o s e  t e s t  f a c i l i t y .  

A schematic  diagram of t h e  t e s t  loop i s  presented  i n  F igu re  3-25. The s u c t i o n  

s i d e  of t h e  10  horsepower f eed  pump i s  connected t o  a  150-gal,  c y l i n d r i c a l ,  
, 

covarcd otornge tank. T l ~ e  pump w i l l  d i s cha rge  51 gpm a t  60 ps ig .  Th i s  feed  

s t ream may be p a r t i t i o n e d  between t h r e e  deep-bed columns o r  two f i l t e r -  

demine ra l i ze r s  o r  combinations of t h e  f i v e  v e s s e l s  provfding t o t a l  f low 

does not  exceed t h e  5 1  gpm l i m i t a t i o n .  

Demineral izer  i n l e t  and r e t u r n  l i n e s  a r e  2-in. Schedule-40 polyvinyl  c h l o r i d e  

(PVC) pipe. The i n l e t  header  and each v e s s e l  o u t l e t  l i n e  con ta in  t a p s  f o r  

114-in. sample , l i n e s . . ,  

Make-up into Che st.lrge t ank  i s  reguld tcd  by 11igl.l and low I.evel c o n t r o l  swi tches  

w i th  a v e r t i c a l  d i f f e r e n t i a l  of about  1 i n .  Make-up demineral ized water  from 

t h e  bu i ld ing  supply is  po l i shed  i n  a  3-in.-diam x 36-in. h igh  chemical ly 

e q u i v a l e n t  ion-exchan.ge bed be fo re  e n t e r i n g  t h e  surge  tank.  The surge  tank  

i s  cooled by a  h e a t  exchange coi l .  conta in ing  80 f t  of 112-in.  s ~ a i ~ i l e s s  steel 

tub ing  us ing  b u i l d i n g  s e r v i c e  water  t o  maintain the surge tanlc tcmpcraturc a t  

80°F. 

Two t anks  of 50R each a r e  used f o r  a d d i t i v e  injection--one f o r  NH t h e  o t h e r  
3  ' 

f o r  NaC1-Fe 0 Two methods f o r  a d d i t i v e  a d d i t i o n  were used. I n  t h e  f i r s t ,  a  
2  3' 

Milton-Roy Mini PumpQ was employed. on each a d d i t i o n  tank.  The i n j e c t i o n  r a t e  

was t y p i c a l l y  1 0  mR/min. One-eighth-inch s t a i n l e s s  s t e e l  l i n e s  were run  from 

t h e  i n j e c t i o n  pump d i scha rge  t o  t h e  top  of t h e  su rge  tank.  The second method 

used two r e l a y s  t o  c o n t r o l  t h e  open and c losed  t imes of a  so lenoid  va lve  



MAKE UP WATER 

SX = SAMPLE TAP 
FE = FLOWSENSOR 
PDX - POWDER BED 
DB = DEEP BED 

Figure  3-25. Resin Test  System 



between t h e  a d d i t i o n  and su rge  tanks.  The a d d i t i o n  tanks  were p re s su r i zed  t o  

5 p s i g  wi th  helium i n  t h i s  system t o  f o r c e  t h e  l i q u i d  i n t o  t h e  surge  tank.  

The deep bed r e s i n  columns a r e  8-in. Schedule-40 PVC pipe .  The nominal bed 

h e i g h t  is  3  f t ,  y i e l d i n g  an  a c t i v e  r e s i n  volume of roughly 9R. A 100-mesh 

s t a i n l e s s  s t e e l  underscreen is  clamped between t h e  bottom f l a n g e  s e c t i o n s  

of each v e s s e l .  

Bead r e s i n s  were obta ined  from Bio Rad Labora to r i e s ,  Richmond, C a l i f o n - ~ i a , ' a n d  

were ordered under t h e  acceptance  c r i t e r i a  of GE Purchase S p e c i f i c a t i o n  21A8844. 

P r i o r  t o  t h e  test runs ,  t h e s e  r e s i n s  were washed wi th  5 column volumes of 

dei.ililler a l i x e d  wacer th ro i igh  I UU-mesh screen. This  p r a c t i c e  re~i~ir~erl Ll~e 

l e a c h a b l e  o rgan ic s  and r e s i n  f i n e s .  Without t h e  wash t h e  f i n e s  plugged t h e  

r e s i n  underdrains .  The columns were loaded i n  S-3i.ter inrr~ments wi th  tho  

a p p r o p r i a t e  ca t ion /an ion  r a t i o  t o  minimize bed s t r a t i f i c a t i o n .  m e n  a l l  t h e  

r e s i n  was loaded,  t h e  columns were g e n t l y  backwashed t o  remove a i r  pockets .  

Column f low r a t e s  a r e  measured upstream of t h e  r e t u r n  header  wi th  F isher -  

P o r t e r  Model 10A1027 f low meters  wi th  s t a i n l e s s  s t e e l  f l o a t s .  

3 .6 .3  Ana ly t i ca l  Systems 

3.6.3.1 Conduct ivi ty  

Balsbaugh S e r i e s  910 conduc t iv i ty  monitors  and c e l l s  w i l l  be  used throughout 
-1 t h i s  i n v e s t i g a t i o n .  C e l l  c o n s t a n t s  are 0.01 or 0.1  CM depending an. tlse 

magnitude of t h e  conduc t iv i ty .  Readings w i l l  b e  taken from the i n l . ~ t  header 

and each v e s s e l  o u t l e t  ( t y p i c a l l y )  on an  hour ly  b a s i s .  The e f f l u e n t  from 

each  c e l l  f lows t o  a  1 112-in. x  18  in .  PVC column of c a t i o n  exchange r e s i n  

(Uowex 50 x  8, 20-50 mesh, HI' form) and then  t o  a  second conduc t iv i ty  c e l l .  

Thus, y i e l d i n g  t h e  "acid conduct iv i ty"  of each stream. The flow r a t e  through 

each conduc t iv i ty  c e l l  i s  300 mk/min. Each c e l l  and accompanying meter i s  

placed i n  s e r f e s  p e r i o d i c a l l y  wi th  a  common feed  s t ream t o  ensure  t h e  same 

reading  a f t e r  c r o s s - c a l i b r a t i o n  wi th  a  Beckman Model BB-1 i p  c e l l .  Output 

d a t a  a r e  recorded on a  30-channel Leeds and Northrup Speedomatic r eco rde r .  



3.6.3.2 Sodium 

Sodium ion  concen t r a t ions  were monitored by ion - se l ec t ive  e l e c t r o d e s  

(Subsection 3.4) us ing  an Orion Model 151102 "a/s ledl '  ( abso lu t e  ,sodium leak  

d e t e c t o r ) .  I n  t h i s  system, sample water  f lows through 4 f t  of s i l i c o n e  

rubber tub ing  w h i c h - i s  immersed i n  ammonia l i q u o r .  Gas phase d i f f u s i o n  of 

ammonia i n t o  t h e  sample r a i s e s  t h e  s o l u t i o n  pH, thereby  decreas ing  t h e  system 

response t o  hydrogen ion. The system exh ib i t ed  Nerns t ian  behavior  from 
tt 

0.1 t o  1000 ppb Na . Sample flow r a t e  w i l l  be  40 mR/min. Sample water  i s  

f i l t e r e d  wi th  a  0.45 pm M i l l i p o r e @  ' f i l t e r  t o  prevent  t h e  formation of 

Fe 0 f i l m s  on t h e  e l e c t r o d e s .  The system i s  c a l i b r a t e d  on a  weekly b a s i s  
2 3 

per  t h e  manufac turer ' s  recommendations us ing  a  Sage Ins t ruments  Model 355 

s y r i n g e  pump wi th  UBS SRM 2201 a s  a  working s tandard .  Since only  one u n i t  

is  a v a i l a b l e ,  i t  i s  only p o s s i b l e  t o  monitor one s t ream a t  a  t ime. 

3.6.3.3 Chlor ide  
\ 

Chlor.ide ion  w i l l  be  monitored wi th  t h e  p ro to type  instrument  from Orion 

Labora to r i e s  descr ibed  i n  Subsect ion 3.4. Again t h e  measurement p r i n c i p l e  

i s  based on s e l e c t i v e  ion  e l e c t r o d e s .  Here t h e  sample water  pas ses  through 

s i l i c o n  rubber  d i f f u s i o n  tub ing  t h a t  is  immersed i n  88% formic a c i d .  Gas 

phase d i f f u s i o n  of formic a c i d  i n t o  t h e  sample lowers  t h e  pH, thereby  decreas ing  

t h e  e l e c t r o d e  response t o  hydroxide ion. -In a d d i t i o n ,  t h e  sample is  cooled 

t o  4OC t o  a t t a i n  t h e  d e s i r e d  s e n s i t i v i t y  of t h e  de te rmina t ion  ( 0 .  t o  50 ppb CR-). 

Cooling was accomplished wleh a Neslab TE-8 r e f r i g e r a t e d  b a t h  c i r c u l a t o r .  

C a l i b r a t i o n  procedures  a r e  i d e n t i c a l  t o  t hose  f o r  t h e  sodium ana lyze r .  F i l t e r e d  

sample flow r a t e s  a r e  40 mR/min, aga in  wi'th t h e  r e s t r i c t i o n  of ana lyz ing  only  

one s t ream a t  a time. 



3.6.4 Tes t  P l an  

When t h e  loop in s t rumen ta t ion  is completed t h e  fo l lowing  runs  w i l l  be  made: 

Tes t  1 

Res in  Beds: Deep Bed 1 

Deep Bed 2 

Deep Bcd 3 

Cat ion Resin Resin R a t i o  Flow, ~ p m / f t  
2  

Feed Solu t ion :  Na' - 200 ppb 

C 1  - 300 ppb 

Fe203 - 200 ppb. 

NH3: Tes t  1 Zero (pH % 7 )  

T e s t  2  

Repeat t e s t  except  w i t h  20 gpm ammonia added t o  fccd  (pH ~ ' 1 0 ) .  

T e s t  3  

Cat ion  Resin Res in  Ra t io  FLpw, gpm/ft 
2  

. - 

+ 
Resfn Beds: F i l t e r /  NH4 111 w/o 

Demineral izer  1 

Deep ~ e d  1 N H ~ +  511 v /o  50 

A f t e r  t e s t  3  is  complete a d d i t i o n a l  tests may be s c h e d ~ ~ l e d  depending on t h e  

t i m e  and r e sou rces  a v a i l a b l e  and t h e  i n s i g h t s  gained i n  t h e  f i r s t  t h r e e  runs .  



3.7 TASK B-6. RADWASTE SYSTEM IMPACT (E. L. Burley) 

Objec t ive .  P r e d i c t  t h e  radwaste  i n p u t s  (amount and composition) accompanying 

t h e  p o t e n t i a l  changes i n  water  chemistry.  Evalua te  t h e  e f f e c t  of t h e s e  loads  

on equipment capac i ty ,  cons t ruc t ion  m a t e r i a l s ,  p rocess ing  sequence, e t c .  

Determine t h e  c o s t  of t h e  r e s u l t i n g ,  modified radwaste system. 

3.7.1 System Changes 

The impact of an ammonia a d d i t i v e  on t h e  radwaste system is  twofold: more 

and s t ronge r  chemical r egene ran t s  must be used t o  achieve  t h e  h igh  degree 

of r egene ra t ion  r equ i r ed ,  and t h e  lowered i o n i c  capac i ty  of t h e  r e s i n s  r e q u i r e s  

more f requent  regenera t ions .  

The increased  chemical consumption and r e s u l t a n t  increased  radwaste volume 

. a r e  i l l u s t r a t e d  i n  Table 3-30.' The dramat ic  decrease  i n  bed l i f e  a t  t h e  h igh  

pH ope ra t ing  cond i t i on  i s  a l s o  shown. 

Even a t  t h e  cu r r en t  [H' - OH-] cyc l e  r egene ra t ion  frequency, chemical waste  

i npu t  t o  t h e  radwaste system and f i n a l  s t o r e d  waste  volumes therefrom a r e  

increased  by f a c t o r s  of 4.6 and 5 . 2 ,  r e s p e c t i v e l y .  I f  t h e  decreased bed l i f e  

i s  a l s o  considered,  t h i s  i n c r e a s e  becomes about 200-fold: c l e a r l y  i n t o l e r a b l e ,  

bo th  from t h e  s t andpo in t  of system process ing  capac i ty  and f i n a l  waste  volume. 

3.7.2 A l t e r n a t i v e s  

I f  t h e  amounts of sodium and c h l o r i d e  i n  t h e  condensate were l i m i t e d  t o  2.4 

and 3.7 ppb, r e s p e c t i v e l y  ( a t  t h e  p r i c e  of jeopardized p l a n t  a v a i l a b i l i t y )  

t h e s e  elements would very  r a p i d l y  e s t a b l i s h  an  equ i l i b r ium wi th  t h e  ammonia 

bascd condensate t rea tment  system r e s i n s  and pas s  through them wi th  no con- 

c e n t r a t i o n  change. Then, i n  a 7%-clean-up system p l a n t  a l l  sodium and c h l o r i d e  

removal would t a k e  p l a c e . i n  t h e  lower pH clean-up system where r e s i n  

c a p a c i t i e s  a r e  much h igher .  



Table 3-30 

RESIN REGENERATION WASTE 

Standard 
BWR 

Resin  Rat io  (By Volume) 211 

3 Chemical Requirements, l b / f t  Resin 

H SO ( c a t i o n  r e s i n )  
2 4 

8 

NaOH (anion r e s i n )  6 

NH ( a l l  r e s i n s )  - .- 
3 

Pounds 01 Nru~ralized Chemic.als/ 
Regenerat ion 

Volume of chemical Waste per  
Rcgenerat ion (gal)  

Na SO Soln 
2 4 

5300 

(NH4) 2S04 Soln 

Operat ing Resin Capacity 

C a t  i on  Rcoin, meq/ii~R 
Anion Resin,  meq/mR 

S i n g l e  Bed L i f e  With 12 .gpm 

Cooling Water Leak, h r  
Cat ion  Resfn 
Anion Resin 

NH3 
Flow Sheet 

2 I1 

NH Flow Sheet 
3 

+5/1 Resin Ra t io  

511 



Under'these conditions clean-up bed life would be extended so that one clean-up 

bed regeneration was required each 35 hr opposed to one condensate bed regenera- 

tion every 2 hr. However,-in a 1% (current standard) clean-up system, reactor 

water chloride concentration and conductivity would exceed established reactor 

water quality limits. Also, the radwaste system activity levels would be 

significantly and perhaps intolerably increased by having to handle clean-up 

resins and/or spent regenerants rather than those from the condensate system 

which is isolated from reactor water activities. In any case operation at 
I I zero" condenser leakage represents a minimum radwaste volume increase of 

about six times that for the current non-additive flow sheet, increased operating 

problems notwithstanding. It is not considered a feasible alternative. 



3.8 TASK B-7. INJECTION AND CONTROL EQUIPMENT (J. D. Seymour, N. A. Fedrick) 

Objective. Identify the proper system locations at which to inject the 

additives and select the proper equipment for this purpose. Select the 

position at which to obtain a representative sample and the type of control 

instrumentations to use to monitor and control additive addition rate. 

3.8.1 Hydrogen Injection System Selection 

Studies performed at the Humboldt Bay reactor site and the General Electric 
19 Company showed that hydrogen, when injected directly into rPac. t r l r  feedwatcr 

dues nor: readily dissolve because hiihhl~ coalescence causes stratiIicatlon of 

the gas. To preclude gas-phase stratification, it was decided to inject the 

hydrogeri into a gas-liquid contacting device in a side-stream which would then 

be mixed with the main feedwater flow. 

3.8.1.1 Design Basis 

Design of the hydrogen injection system was based on the criteria listed in 

Table 3-31. 

Table 3-31 

KECUMMENDED DESIGN CRITERIA 

Location of injection 
point 

lIydiugca11 gao flowrate 

Space limitation 

CULL L r  ul requirements 

Degree of Automation 

Suction of reactor feedwater pumps 

System should be capable of injecting 2 to 
30 I .h/hr  

Small as prar.t-Lcal 

System should be designed to inject hydrogen 
into the feedwater in direct proportion to 
feedwater flow 

System should he aiitnmated in such a manner 
as to maintain a constant injection flow in 
proportion to feedwater flow. The system 
should be capable of operating unattended 
with only weekly maintenance. 



These c r i t e r i a  were met w i t h  t h e  e x c e p t i o n  of t h e  l o c a t i o n  of t h e  i n j e c t i o n  

p o i n t .  The feedwate r  pumps (Dresden 2) a r e  n o t  c a p a b l e  of accommodating t h e  

a d d i t i o n a l  f low a s  a  r e s u l t  of r e c i r c u l a t i o n  th rough  t h e  s i d e  s t r e a m .  A 

p o i n t  immediate ly  downstream of  t h e  pumps was chosen because '  i t  was n e a r  t h e  

recommended l o c a t i o n ,  i t  h a s  a  h i g h e r  p r e s s u r e  which p rov ided  a  more f a v o r a b l e  

gas - to - l iqu id  d r i v i n g  f o r c e ,  and i t  e l i m i n a t e d  t h e  p o t e n t i a l  problem of b u b b l e s  

c a v i t a t i n g  t h e  pumps. 

A 10% (of f e e d w a t e r )  o r  one m i l l i o n  l b / h r  f l o w r a t e  was chosen f o r  t h e  s i d e  

stream because  w i t h  t h e  maximum amount of hydrogen b e i n g  d i s s o l v e d  (30 l b l h r )  

i n  t h i s  volume of w a t e r ,  t h e  c o n c e n t r a t i o n  of t h e  g a s  (%30 ppm) i s  s u f f i c i e n t l y  

f a r  removed from t h e  e q u i l i b r i u m  c o n c e n t r a t i o n  (%I85 ppm) a s  t o  m a i n t a i n  a  

s a t i s f a c t o r y  g a s - t o - l i q u i d  d r i v i n g  f o r c e .  

The s i d e  s t r e a m  i n l e t  t e m p e r a t u r e  was t a k e n  a s  300°F. The s i d e  s t r e a m  i n l e t  

p r e s s u r e  was t aken  as 1250 p s i g  a l t h o u g h  i t  cou ld  i n c r e a s e  t o  1650 p s i g  

(pump s h u t o f f  d i s c h a r g e  head)  a t  low feedwate r  f l o w  r a t e s .  P r e s s u r e  i n t e g r i t y  

d e s i g n  was based on t h e  maxl~iium p o s s i b l e  sys tem p r e s s u r e .  Gas a b s o r b e r  d e s i g n ,  

however, was based on minimum syst"em p r e s s u r e ,  and maximum hydrogen g a s  f low.  . 

3.8 .1 .2  Types of Gas-Liquid C o n t r a c t o r s  S tud ied  

Four g a s - l i q u i d  c o n t a c t i n g  d e v i c e s  were c o n s i d e r e d :  a packed column o p e r a t e d  

i n  t h e  c o n v e n t i o n a l  manner, i. e . ,  c o u n t e r c u r r e n t  f l o w  w i t h  a c o n t i n u o u s  g a s  

phase;  a. packed column o p e r a t e d  i n  c o c u r r e n t  f l o w  w i t h  a d i s c o n t i n u o u s  g a s  

phase;  a  bubble  column; and a bubble  column c o n t a i n i n g  a m o t i v ~ ~ l e s s  ( s t a t i c )  

mixing e lement  t o  promote g a s  bubble  d i s p e r s i o n  and g a s - l i q u i d  c o n t a c t .  

These  c o n t a c t i n g  d e v i c e s  were  compared q u a l i t a t i v e l y  on t h e  b a s i s  of i n t e r -  

f a c i a l  area;mass t r a n s f e r  c o e f f i c i e n t ,  o p e r a t i n g  r a n g e ,  s i z e ,  and c o s t .  T h i s  

comparison i s  summarized i n  T a b l e  3-32. 

Data  on i n t e r ' f a c i a l  a r e a  were  o b t a i n e d  from t h e  s t u d y  performed by Wang 

and Fan2', who compared t h e  i n t e r f a c i a l  area f o r  g a s - l i q u i d  c o n t a c t i n g  i n  a 



Table 3-32 

A COMPARISON OF FOUR GAS-LIQUID CONTACTING DEVICES 

Bas i s  f o r  Bubble Column 
Comparison Countercur ren t  Cocurrent wi th  
(Worst = 1 Packed Packed Bubble S t a t i c  

Best.  = 4) Tower Tower Column Mixers 

I n t e r f a c i a l  
Area 

Mass Transfer  
C o e f f i c i e n t  

Opera t ing  Range Narrow Var iab le  Var iab le  Var iab le  

S i z e  1 1 3 4 

Cost  1 2 4 3.5 

tower wi th  convent iona l  packing,  e . g . ,  Raschig r i n g s ,  i n . a  bubble column, 

and i n  a  bubble column wi th  s t a t i c  mixing elements .  They found t h e  i n t e r -  

f a c i a l  a r e a  f o r  t h e  Koch s t a t i c  mixers t o  be h ighes t .  The advantage of t h e  

mixing element over  t h e  convent iona l  tower par-king i s  t h a t  t h e  former occupies  

a  sma l l e r  percentage  of v e s s e l  volume f o r  a  given con tac t  a r ea .  

Contac t ing  dev ices  f o r  i n s o l u b l e  gases  a r e  o f t e n  compared on t h e  b a s i s  of 

t h e i r  K a ,  t h e  product  of t h e  l iqu id-phase  mass t r a n s f e r  c o e f f i c i e n t  and t h e  
L 

gas - l i qu id  i n t e r f a c i a l  a r e a .  The d a t a  of Hought.on, e t  a1.21 i n d i c a t e  t h a t  t h e  

bubble column i s  s u p e r i o r  t o  t h e  packed column f o r  t h o  abso rp t ion  of carbon 

. d i o x i d e  a t  low gas  f lows.  The i r  res1.11 ts a r e  'shown i n  F igure  5 - 2 6 ,  Wang aud 

Fan compared t h e  l$a of bubble columns wi th  t h e  K a of the Koch s F a t i c  m i i t c r  
L 

and found t h e  Koch dev ice  t o  be supe r io r  a t  low gas  flow r a t e s  (F igures  3-27). 

I n  terms of ope ra t ing  ranges  f o r  t h e  v a r i o u s  c o n t a c t o r s ,  i t  was pos tu l a t ed  

t h a t  t h e  coun te rcu r ren t  packed tower would probably have a  l i m i t e d  ope ra t ing  

r ange  due t o  t h e  low gas  abso rp t ion  a t  high water f lows,  n e c e s s i t a t i n g  a  

l~ydrugen  armosphere (cont inuous gas  phase) i n  t h e  v e s s e l  wi th  r e c y c l e  o r  

make-up gas s t reams.  A t  low water  f lows,  on t h e  o t h e r  hand, t h e  hydrogen 
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Figu re  3-26. Column E f f i c i e n c y  v e r s u s  S u p e r f i c i a l  Gas Ve loc i t y  

F igu re  3-27. Comparison of Liquid-Phase Mass T r a n s f e r  C o e f f i c i e n t s  



atmosphere  would r e s u l t  i n  g r e a t e r - t h a n - d e s i r e d  hydrogen a b s o r p t i o n  and d i f f i c u l t  

p r o c e s s  c o n t r o l  -- a  d e f i n i t e  n e g a t i v e  a s p e c t  of t h i s  d e v i c e .  O p e r a t i n g  ranges  

f o r  t h e  o t h e r  c o n t a c t o r s  would be v a r i a b l e  and a  s p e c i f i c  comparison was n o t  

a t  tempted.  

With r e s p e c t  t o  s i z e ,  a  packed tower ( e i t h e r  c o u n t e r c u r r e n t  o r  c o c u r r e n t )  could  

p o s e  a  d e f i n i t e  l o c a t i o n  and i n s t a l l a t i o n  problem. Based on a maximum a l l o w a b l e  
2  

mass f l o w  c a p a c i t y  of t h e  tower of 20,000 t o  30,000 l b / h r - f t  , t h e  v e s s e l  d iamete r  

would be  on t h e  o r d e r  of 7 t o  9 f t ,  w i t h  a  p r o j e c t e d  h e i g h t  of approx imate ly  

1 0  t o  1 5  f t .  The bubble  column ( w i t h  o r  w i t h o u t  s t a t i c  m i x e r s ) ,  however, would 

b e  s imply  a  l e n g t h  of p i p e  w i t h  a d i a m e t ~ r  nf ahnllt  1 2  i n .  I n  a d d i t i o n ,  t h i o  

d e v i c e  i s  most f l e x i b l e  i n  terms of p h y s i c a l  ar rangement :  i t  may be  i n s t a l l e d  

v e r t i c a l l y  o r  h o r i z o n t a l l y ;  i t  may he  formed i n t o  a h e l i x  i f  i n ~ t n l l a t i o n  s p a c e  

is  l i m i t e d ;  e lements  may be  added o r  d e l e t e d  a s  sys tem r e q u i r e m e n t s  change.  

Because of t h e  l a r g e  s i z e  and t h e  n e c e s s i t y  t h a t  t h e  a b s o r b e r  b e  a p r e s s u r e  

v e s s e l ,  t h e  c o s t  of a  packed tower was e s t i m a t e d  t o  b e  approx imate ly  5  t o  

1 0  t i m e s  g r e a t e r  t h a n  f o r  a  bubble  column. The d i f f e r e n c e  i n  c o s t  between t h e  

two bubble  columns c o u l d  be  t h e  c o s t  i n  p r o c u r i n g  and i n s t a l l i n g  t h e  mixing 

e l e m e n t s  -- a  r e l a t i v e l y  low c o s t  d i f f e r e n t i a l ,  

.Based on t h e  above i n f o r m a t i o n  t h e  bubble  column w i t h  t h e  s t a t i c  mixing e lements  

was chosen  as t h e  most e f f e c t i v e  g a s - l i q u i d  c o n t a c t o r .  

3 .8 .2  Design 

The d e s i g n  i s  dependent  p r i m a r i l y  on  t h e  mass t r a n s f e r  c o e f f i c i e n t .  The 

mechanism t o r  mass t r a n s f e r ,  i n  g e n e r a l ,  i s  compl ica ted  and n o t  f u l l y  under- 

s t o o d .  When t h e  mechanics  o f  bubble  a c t i o n  and t u r b u l e n c e  a r e  i n c l u d e d ,  i t  

Lecurues e x c e e d i n g l y  complex. For t h i s  r e a s o n  a  p u r e l y  t h e o r e t i c a l  p r e d i c t i o n  
20 

of a  mass t r a n s f e r  c o e f f i c i e n t  i s  n o t  p o s s i b l e . ,  It i s  n e c e s s a r y ,  t h e r e f o r e ,  

t o  employ c o r r e l a t i o n s  based on e x p e r i m e n t a l  d a t a .  



Researchers  a t  Koch, Inc . , have  der ived  a  des ign  equa t ion  e m p i r i c a l l y .  It i s  

based on an oxygen-water system a t  ambient temperature  and atmospheric  p r e s s u r e .  

I n  apply ing  t h i s  equa t ion  t o  t h e  i n j e c t i o n  of hydrogen gas  s e v e r a l  assumptions 

were made: 

a .  Hydrogen gas  i s  a  r e l a t i v e l y  i n s o l u b l e  subs tance ;  t h e r e f o r e ,  t h e  

r e s i s t a n c e  t o  mass t r a n s f e r  i s  wholly i n  t h e  l i q u i d  phase.  

Th i s  was found t o  be  g e n e r a l l y  t r u e .  However, t h e r e  may be  an  

added e f f e c t  of gas-phase r e s i s t a n c e  i f  t h e  r a t i o  of l i q u i d  molal  

f low r a t e  t o  gas  mola l  f low r a t e  i s  l a r g e ,  a s  i s  t h e  c a s e  he re .  

There was no informat ion ,  however, f o r  de te rmin ing  t h e  e x t e n t  of 

t h i s  e f f e c t .  

b .  The d i f f u s i v i t y  of hydrogen gas  i n  water  2s dependent on t h e  l i q u i d  

v i s c o s i t y / t e m p e r a t u r e  r a t i o  and n o t  d i r e c t l y  on p r e s s u r e .  

Although ve ry  l i t t l e  r e s e a r c h  h a s ' b e e n  done i n  t h i s  a r e a ,  i t  seems 

t h a t  increased  p r e s s u r e  dec reases  d i f f u s i v i t y  by reducing t h e  i n t r a -  

molecular  spac ing .22  It i s  i n d i c a t e d  t h a t  t h e  e f f e c t  of p r e s s u r e  

on v i s c o s i t y  may be  p r o p o r t i o n a l  t o  t h e  e f f e c t  of p r e s s u r e  on 

d i f f u s i v i t y .  For water ,  though, p r e s s u r e  has  l i t t l e  o r  no 

measurable  e f f e c t  on v i s c o s i t y  and probably no e f f e c t  on d i f f u s i v i t y .  
2  2  

I 

c .  The mechanism of mass t r a n s f e r  i n  a  s t a t i c  mixer fo l lows  t h e  two-film 

theo ry  a s  opposed t o  the peneLra t i sn  theory .  

'F0.r t h i s  a p p l i c a t i o n  t h e  important  d i f f e r e n c e  i n  t h e  two t h e o r i e s  

i s  t h e  e f f e c t  of d i f f u s i v i t y  on t h e  mass t r a n s f e r  c o e f f i c i e n t .  The 

two-film theory supposes t h a t  KLa is  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  

d i f f u s i v i t y  wh i l e  t h e  p e n e t r a t i o n  theory  assumes K a  t o  be p f o p o r ~ l u l l a l  
L 

t o  t h e  squa re  r o o t  of t h e  d i f f u s i v i t y .  The two-fi1.m theo ry  i s  

supported by Koch r e s e a r c h e r s  and by Wang and Fan f o r  t h e  Koch 



s t a t i c  mixers .  The p e n e t r a t i o n  t h e o r y  h a s  been a c c e p t e d  by many 

i n v e s t i g a t o r s  f o r  d e v i c e s  such  a s  t h e  a g i t a t e d  bubble  column and 

packed tower .  

d .  \a is  independen t  o f  l i q u i d  f low r a t e .  

Although t h i s  i s  n o t  t r u e ,  t h i s  a ssumpt ion  l e a d s  t o  a  v e r y  conserva-  

t i v e  d e s i g n  i n  t h i s  c a s e .  

e .  Gas a b s o r p t i o n  i s  a  l o g a r i t h m i c  f u n c t i o n .  

T h i s  i s  a r e s u l t  of t h e  Knch r a c c a r c h .  23 

. %a v a l u e s  f o r  t h e  Koch t y p e  "LY", mixer  a r e  e s s e n t i a l l y  t h e  same 

a s  t h o s c  f o r  t h e  cype "AY" mixer .  

The d i f f e r e n c e  between t h e  two t y p e s  of m i x e r s ' i s  t h e  d i s t a n c e  

between t h e  l a y e r s .  The LY mixer h a s  1 - i n .  l a y e r  s e p a r a t i o n ,  w h i l e  

t h e  AY t y p e  h a s  0.5-in.  l a y e r  s e p a r a t i o n .  

3 .8 .2 .1  C a l c u l a t i o n s  

Thc empirical d e s i g n  e q u a t i o n  d e r i v e d  a t  Koch r e s e a r c h  f a c i l i t i e s  is:  2  3 

wher c 

L  = l e n g t h  nf mixer ,  f t  

Q = Gas absorbed i n  a s e c t i o n  of p i p e ,  moles/min 

A  = Cross  s e c t i o n a l  a r e a  o f  p i p e ,  f t  
2 

- 
x  = Log mean d r i v i n g  f o r c e  d e f i n e d  as 2  3 



Figu re  3-28. C o r r e l a t i o n  f o r  K a  Based on 0 -H 0 System 
L 2 2 



(x* - X;) - (x* - XF) 

= Mole fraction of gas dissolved in liquid at some initial and 

final'point, respectively, dimensionless 

x* = Mole fraction of gas dissolved in liquid at equilibrium. This 

may be computed from Henry's Law.* 

~ h c  value fur \a 16 obtained from a correlation provided by Kock (Figure 3-28). 

The %a value from the graph must be corrected for thc hydrogeu-war~+ systoml 2 3 

where 

The range of %a values that can be obtained Lrom rhe graph is small because 

of the low gas flow rate. Koch suggested that a length for the mixing elements 

be determined by using the %a for which there was a data point; then a 

logarithmic curve could be generated from the equation: 

L = C In (1 - Abs) 

- 

*Henry's Law: 
24 

p - Hx* 
where p = partial pressure of the gas, atm 

H = ~enry's Law constant for the gas,, atmlmol frac. 



where 

C = cons t an t  

Abs = f r a c t i o n  of gas  absorbed 

Using t h i s  method a  hydrogen gas  abso rp t ion  curve was genera ted  (F igure  3-29). 

Fourteen f e e t  of mixing s e c t i o n  was r equ i r ed  t o  d i s s o l v e  99.95% of t h e  hydrogen 

a t  an  i n t t i a l  flow r a t e  of 30 l b / h r .  Sample c a l c u l a t i o n s  a r e  given i n  

Appendix B; 

3 .8 .3 R e s u l t s  

. The des ign  o f . t h e  gas- l iqu id  mixing s e c t i o n  c o n s i s t s  of a  12-in.-diam pipe ,  

40 f t  long, con ta in ing  14,  1-f t - long Koch s t a t i c  mixing elements.  Empty p ipe  

s e c t i o n s  between t h e  mixing elements extend t h e  gas- l iqu id  con tac t  t ime without  

apprec iab ly  adding t o  t h e  o v e r a l l  p r e s su re  drop.  Hydrogen gas  w i l l  be  i n j e c t e d  

upstream of t h e  f i r s t  mixing element through a spa rge r  o r  f r i t t e d  d i s c .  The 

mixing s e c t i o n  is  dep ic t ed  i n  F igure  3-30. 

The mixing s e c t i o n  i n s t a l l a t i o n  and arrangement is  shown i n  t h e  P&ID, 

F igure  3-31. 

A s c reen  downstream of t h e  mixing s e c t i o n  (not  shown) w i l l  b e  included t o  

prevent  car ryover  of d e b r i s  i n  t h e  event  o f ' d i s i n t e g r a t i o n  of any of t h e  

mixing elements.  Hydrogen gas  f low is  c o n t r o l l e d  i n  d i r e c t  p ropor t ion  t o  t h e  

s i d e  s t ream flow r a t e  which i s ,  i t s e l f ,  c o n t r o l l e d  i n  d i r e c t  p ropor t ion  t o  

t h e  flow r a t e  of t h e  main feedwater  s t ream. 

3.8.4 Conclusions and Recommendations 

The p re sen t  des ign  of t h e  hydrogen i n j e c t i o n  system should be adequate  t o  

d i s s o l v e  t h e  r equ i r ed  amounts of hydrogen gas  a t  t h e  p re sc r ibed  cond i t i ons .  



OPERATING FACTORS 

H2 FLOH -30 Ibhr  

H20 FLOW- 1 x 1 0 ~  lblhr 

M20 TEMPERATURE - 300'~ 

H 2 0  PRESSURE -92.5 atm I 

I 

LENGTH OF MIXING SECTION (ft) 

Figu re  3-29. Absorpt ion Curve f o r  Hydrogen i n  Natzr  



/ KOCH, TYPE LY MIXING ELEMENT 

"2 . . Figure 3-30. Hydrogen 'Gas Mixing Section 

Although a very conservative approach has been taken in designing this system, 

the're is still some uncertainty inherent in the design. The assumptions made 

in this case, (resistance to mass transfer is liquid-phase controlled, a 

is proportional to the diffusivity (Two-Film Theory), etc.) if not strictly 

correct or applicable, could yield a less conservative design, resulting in a 

mixing section longer than presently specified. It should be noted, though, 

that the total length of mixing section may not necessarily increase as the 

111ixing elements may be installed closer to each other than in the present design. 

To obtain a precise design for the mixing section length laboratory testing is 

called for. It is recommended that laboratory testing he undertaken on hydro- 

gen dissolution at high temperature and pressure to obtain a more accurate , 

correlation for the mass transfer coefficient. In addition, horizontal and 

vertical performance testing should be carried out to determine if any 

advantages exist in operating the mixing section in one position rather than - 
the other. 

3.8.5 Cost Analysis 

The estimated cost for the procurement and installation of such a hydrogen 

injection system is itemized in Table 3-33. The system was estimated on the 

basis of meeting ASME Boiler and Pressure Vessel Code, Section 111, Subsec- 

tion NB req~iiei~ents whcn added to the feedwater line at an existing nuclear 

power plant. Equipment and hardware to be proc,ured are given in Appendix A. 
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Table 3-33 

COST ESTIMATE FOR HYDROGEN INJECTION SYSTEM 

1978 Dollars 

' Purchased Parts 

Subcontracted Items (Including Installation) 

Other/~aw Material 

Direct Labor + Overhead 

TOTAL COST 



3.9 TASK B-8. OPERATIONAL AND OTHER RELATED' CONSIDERATIONS (R. J. Stevens , 
T. L. Wong, E. G .  Leo, B. S. S h i r a l k a r ,  J. D. Duncan, C .  C .  L in ,  
J.  S. Wiley) 

Objec t ive .  Consider  and e v a l u a t e  t h e  e f f e c t s  of each a d d i t i v e  on "normal" 

p l a n t  o p e r a t i o n ,  e .g .  manpower requi rements ,  s p e c i a l  s a f e t y  o r  t o x i c i t y  

p recau t ions ,  employee acceptance ,  l i c e n s i n g  c o n s i d e r a t i o n s  and v a r i a t i o n s  i n  

r a d i o a c t i v i t y  t r a n s p o r t  and d e p o s i t i o n  p a t t e r n s .  

3 .9 .1  Addi t ive  S u r v e i l l a n c e  Requirements 

System s u r v e i l l a n c e  must be  maintained t o  monitor f o r  p rocess  c o n t r o l ,  and 

t o  monitor  a d d i t i v e  hand l ing  a r e a s  f o r  c o n t r o l  of h e a l t h  and s a f e t y  hazards .  

The f i r s t  ca tegory  is  covered under Task B7. For personnel  h e a l t h  and s a f e t y  

however monitors  should, be 11s~r-l i n  ensloocd areas sclc:ll as rhe a d d i t i v e  s t u r -  

age ,  d i s t r i b u t i o n ,  and i n j e c t i o n  system a r e a s .  

. 
The l e v e l s  of concern f o r  each proposed a d d i t i v e  a r e  shown i n  Table  3-34 a s  

~ h r e s h o l d  Limit  Values (TTJV), which a r e  t h e  maximum pe rmis s ib l e  l e v e l s  i n  a i r  

r e l a t e d  t o  t o x i c i t y / p e r s o n n e l  h e a l t h  hazard ,  and Lower Explosive ~ i m i t s ( L E L )  

i n  a i r .  ~ h e s e  l e v e l s  a r e  i n  vo lumet r ic  p a r t s  pe r  m i l l i o n  (vppm) o r  pe rcen t  

by volume i n  a i r .  

Table  3-34 

ADDITIVE CONCENTMTION LIMITS I N  A I R  

Addi t ive  TLV - 
Ammonia (NH ) 

3 50 PPm 

Hydrazine (N2H4) 1 PRm 

Hydrogen (H ) 
2 7%* 

LEL 
(%I - 

*The t o x i c i t y  of hydrogen is  only  t h a t  r e l a t e d  t o  displacement  of oxygen 
by h y d r n p n .  19.5% oirygen is  L l~ r  recommended minimum con ten t  wi thout  
s e l f - con ta ined  b r e a t h i n g  appa ra tu s .  Th i s  i s  equ iva l en t  t o  7% hydrogen i f  
H.2 i s  t h e  on ly  a i r  d i l u e n t .  



The normal p r a c t i c e  f o r  t h e s e  types  of monitor ing systems i s ' t o  set t h e  alarm 

l e v e l s  a t  approximately one h a l f  (1/2) of t h e  above va lues  t o  a  su f -  

f i c i e n t  margin f o r  e a r l y  remedial  a c t i o n .  A s  a  minimum t h e  monitor ing equip- 

ment should undergo d a i l y  o p e r a t i o n a l  checks.  

Wherever p o s s i b l e ,  redundant monitor ing equipment based on more t han  one 

measurement technique  should be  used. 

3 . 9 . 2  O ~ e r a t i o n a l  Guide l ines  

The s t a r t - u p  and normal mode o p e r a t i o n a l  c o n s i d e r a t i o n s  a r e ,  i n  p a r t ,  a  func.- 

t i o n  of t h e ' i n j e c t i o n  and c o n t r o l  system s e l e c t e d .  The o p e r a t i o n a l  g u i d e l i n e s  

s p e c i f i c  t o  t h e  i n j e c t i o n  and c o n t r o l  system a r e  n o t  covered i n  t h i s  t a s k .  

However, t h e  gene ra l  cons ide ra t i ons  which apply  i n  t h e  t h r e e  a d d i t i v e  c a s e s  

a r e  a s  fo l lows:  

Addit ion systems s h a l l  be  thoroughly purged w i t h  helium p r i o r  t o  t h e  i n t r o -  

duc t ion  of t he  a d d i t i v e ,  p r i o r  t o  any system r e p a i r s ,  and p r i o r  t o  r e s t a r t  of 

t h e  system. 

The r e a c t o r  sub-system where t h e  a d d i t i v e  i s  in t roduced  ( i . e . ,  con ta in ing  

t h e  i n j e c t i o n  p o i n t ) ,  must be  i n  o p e r a t i o n  p r i o r  t o  s t a r t - u p  of t h e  a d d i t i o n  

system. The i n j e c t i o n  r a t e  should be  p r o p o r t i o n a l  t o  t h e  f low r a t e  of t h e  

r e a c t o r  sub-system a t  t h e  i n j e c t i o n  po in t .  

Any p l a n t  o r  sub-system shutdown which i s o l a t e s  o r  s t o p s  f low a t  t h e  i n j e c -  

t i o n  l o c a t i o n ,  should a l s o  au toma t i ca l l y  i s o l a t e  and shu t  down t h e  i n j e c t i o n  

system. 

Enclosed a d d i t i v e  s t o r a g e  and usage a r e a s  should be monitored f o r  l eakage .  

DetecCion of t h e  a d d i t i v e  above one h a l f  t h e  lower exp los ive  l i m i t  (LEL) i n  

a i r  should au toma t i ca l l y  i s o l a t e  t h e  a d d i t i v e  supply.  The d i s t r i b u t i o n /  

i n j e c t i o n  system should be  immediately purged w i t h  helium, and t h e  l e a k  

sou rce  should be  r e p a i r e d  p r i o r  t o  r e s t a r t  of t h e  a d d i t i v e  system. . 



During such emergencies,  personnel  e n t e r i n g  t h e  a r e a  should u s e  gas masks 

o r  s e l f  contained b rea th ing  appara tus  u n t i l  t h e  a r e a  can be v e n t i l a t e d  and 

brought below one-half t h e  threshold  l i m i t  v a lue  (TLV) f o r  ammonia and 

hydrazine.  

When ammonia o r  hydraz ine  l e v e l s  above one-half t h e  TLV bu t  below one-half t h e  

LEL a r e  d e t e c t e d ,  personnel  wi th  gas masks and o t h e r  p r o t e c t i v e  c l o t h i n g  may 

i n v e s t i g a t e  f o r  leakage wi thout  system shutdown. Shutdown and thorough 

purging of t h e  system a r e  requi red  p r i o r  t o  i n i t i a t i o n  of r e p a i r  work, 

however. 

3 . 9 . 3  S p e c i a l  T ra in ing  

Ammonia and hydraz ine  a r e  h igh ly  c a u s t i c  subs tances .  Therefore ,  personnel  

working i n  t h e  a d d i t i v e  system a r e a  should be a l e r t e d  t o  t h e i r  hazards  arld 

they  sllould a l s o  be t r a i n e d  i n  t h e  proper  use of p r o t e c t i v e  c l o t h i n g  and 

b r e a t h i n g  appa ra tus  (gas  masks, s e l f  contained a i r  s u p p l i e s ,  e t c . )  . 

Hydrogen's primary hazard ips i ts  highly,f lammable n a t u r e .  Personnel  working 

w i t h  hydrogen o r  i n  a r e a s  where hydrogen is  presene should be t r a i n e d  i n  

proper  procedures  f o r  handl ing  of hydrogen and working wi th  equipment, i n  

a r e a s  where hydrogen is  s t n r e d .  

Add i t i ona l ly ,  t h e  a d d i t i v e s  must be  d e a l t  wi th  c a r e f u l l y  dur ing  a  f i r e  

s i t u a t i o n .  An e r r o r  i n  f i r e  f i g h t i n g  techniques  may r e s u l t  i n  g r e a t e i  llazards 

t han  t h e  o r i g i n a l  f i r e .  Therefore ,  personnel should bc  i n s t r ~ ~ c t e d  Ln rhc  

proper  techniques  f o r  f i r e  f i g h t i n g  a s s o c i a t e d  wi th  each a d r l i t i ~ ? e .  

3 . 9 . 4  S p e c i a l  Equipment 

Due t o  t h e  c a u s t i c  n a t u r e  of ammonia and hydraz ine ,  t h e  fo l lowing  i tems 

should b e  a v a i l a b l e  i n  t h e  a d d i t i v e  system a rea :  Emergency eyewash and 

shower s t a t i o n s ,  p r o t e c t i v e  c l o t h i n g  such a s  rubber  g loves  and aprons,  

goggles ,  and emergency b rea th ing  appara tus .  



A l i q u i d  hydrogen supply system would r e q u i r e  temperature and/or  p'ressure 

monitor ing of t h e  s t o r a g e  v e s s e l s  t o  d e t e c t  p o t e n t i a l  ove r -p re s su r i za t ion  

of t h e  v e s s e l  and a t t ached  piping.  

Monitors a r e  a l s o  r equ i r ed  i n  a d d i t i v e  usage a reas .  These monitors  must 

have range c a p a b i l i t i e s  t o  cover t h e  TLV and LEL f o r  t h e  a d d i t i v e  i n  use. 

(This  may be accomplished by use  of two d i f f e r e n t  monitors  t o  cover  t h e  

requi red  range.) 

A b r i e f  review of some of t h e  a v a i l a b l e  types  of monitors  f o r  each of t h e  

a d d i t i v e s  is  given below. It is ,  however, recommended t h a t  t h e  varTous 

monitor ing techniques f o r  t h e  chosen a d d i t i v e  be  t e s t e d  f o r  'opera t ion  a t  t h e  

r e p r e s e n t a t i v e  cond i t i ons  p r i o r  t o  f i n a l  s e l e c t i o n  of a  s p e c i f i c  monitor.  

3.9.5 Ammonia Detec t ion  Methods 

3.9.5.1 So l id  S t a t e  E l e c t r o l y t e  Sensor 

  his sensor  i s  a  s o l i d  s t a t e  semiconductor m a t e r i a l  s e n s i t i v e  t o  amnionia. 

I n  t h e  presence of ammonia t h e  conduc t iv i ty  of t h e  sensor  i n c r e a s e s  propor- 

t i o n a t e l y  t o  t h e  amount of ammonia. The senso r  i s  capable  of measurements a t  

o r  below one-half t h e  th re sho ld  l i m i t  v a lue  of ammonia, b u t  a t  t h e s e  concen- 

t r a t i o n  is  s u b j e c t  t o  i n t e r f e r e n c e  o r  masking from o t h e r  t r a c e  subs tances .  

Systems of t h i s  type  a r e  o f f e r e d  by I n t e r n a t i o n a l  Sensor Technology Co. of 

Santa  Ana, C a l i f o r n i a  and t h e  FnMet Corp. of Ann Arbor, Michigan. 

3.9.5.2 Photo ioniza t ion  

An u l t r a v i o l e t  l i g h t  is  used t o  i o n i z e  a  p a r t i c u l a r  subs tance  by bombarding 

t h e  sample s t ream wi th  photons having an  energy l e v e l  a t  o r  above t h e  

i o n i z a t i o n  p o t e n t i a l  of t h e  subs tance ,  bu t  below t h a t  r equ i r ed  f o r  t h e  major 

components i n  a i r .  This  method is  . sub jec t  t o  i n t e r f e r e n c e  from o t h e r  t r a c e  

elements when t h e  spec i e s  of i n t e r e s t  i s  a t  a  low concent ra t ion .  This  system 

is  manufactured by HNU Systems, Inc . ,  of Newton Upper F a l l s ,  Massachusetts.  



3 . 9 . 5 . 3  I n f r a r e d  Analyzers 

The o p e r a t i o n  of t h i s  system i s  based on t h e  wavelength abso rp t ion  charac- 

t e r i s t i c s  of t h e  subs tance  of i n t e r e s t .  An i n f r a r e d  "beam" is  passed through 

t h e  sample gas  t o  a r e c e i v e r .  The r educ t ion  of energy a t  a s p e c i f i c  wave 

l e n g t h  i s  a f u n c t i o n  of t h e  concen t r a t ion  of t h e  subs tance  of i n t e r e s t .  

Th i s  system is l e s s  s u s c e p t i b l e  t o  i n t e r f e r e n c e .  An i n f r a r e d  system capable  

of monitor ing ammonia is o f f e r e d  by t h e  Wilkes D iv i s ion  of Foxboro Company, 

of Bur l ing ton ,  Massachuset ts .  

3 . 9 . 5 . 4  S p e c i f i c  Electrodp 

Th i s  sens ing  method reqiiires t h a t  a ba t ch  camplc of gas be bubbled t l l r ~ u # l i  

a l i q u i d  where t h e  ammonia w i l l  go i n t o  s o l u t i o n  and be  de t ec t ed  by t h e  

" s p e c i f i c "  e l e c t r o d e .  The problems a s s o c i a t e d  wi th  t h i s  system a r e  t h e  

des igns  of t h e  c a l i b r a t i o n  and ba t ch  c y c l i n g  systems. The s p e c i f i c  e l e c t r o d e  

i s  o f f e r e d  by Lazaar  Research Labs of Los-Angeles.  

3 . 9 . 6  Hydrazine De tec t ion  Methods 

With some mod i f i ca t ion  t h e  methods d iscussed  above f o r  ammonia may be  used 

f o r  monitor ing hydrazine.  The s p e c i f i c  e l e c t r o d e  system w i l l  n o t  measure 

hydraz ine  d i r e c t l y  b u t  may be  used i f  an  i o d a t e  s o l u t i o n  is  used as t h e  

absorbent .  The i o d a t e  i s  converted t o  i o n i c  i o d i d e  by t h e  hydrazine.  There- 

f o r e ,  t h e  i od ine  e l e c t r o d e  response w i l l  then  b e  p ropor t iona l  t o  t h e  hydra- 

z i n e  content  of t h e  a i r .  

3 . 9 . 7  Hvdronen De tec t ion  

3;9.7.1 So l id  Starc Elec t rode  Sensor 

The senso r  descr ibed  above may a l s o  be used f o r  hydrogen d e t e c t i o n .  A t  t h e  

moni tor ing  l e v e l s  f o r  hydrogen (%2%) t h e r e  i s  less i n t e r f e r e n c e  due t o  o t h e r  

i m p u r i t i e s .  



3.9.7.2 Thermal Conductivity 

Variations in the thermal conductivity of a gas mixture may be used to 

indicate changes in the make-up of the gas. If the base gas mixture is known 

and remains.constant, the level of concentration of an additive such as 

hydrogen may be measured. The thermal conductivity of a gas is measured using 

a heated coil in the sample gas stream. The temperature of the coil will 

stabil.ize based on the thermal' conductivity of the gas. The coil resistance 

then is monitored as a temperature indication. This system is most effec- 

tive when used in a two-component stream. Monitoring of ambient air is 

difficult since the components are not constant in concentrations. . Also, this 

, type of monitor is highly sensitive to moisture in the air. Thermal conduc- 

tivity type sensors are offered by Teledyne Analytical Instruments of San 

Gabriel, ~aliidrnia. 

3.9.7.3 Catalytic Bead sensor 

This type of sensor is often used for combustible materials such as hydrogen; 

a catalyst bead is used to "burn" the hydrogen, thus heating the bead ele- 

ment. Once again the resistance of the element is measured as an indication 

of the temperature and therefore the hydrogen concentration. One of the pri- 

mary problems with catalytic type sensors is the potential of poisoning the 

catalyst, which reduces the efficiency of hydrogen conversion. The Catalytic 

Bead Sensor system is offered by vendors such as Teledyne Analytical Instru- 

ments of San Gabriel, California, Dictaphone of Mountain View, California, and 

others. 

3.9.7.4 Color Indicator Tubes 

A sensing method which may be considered for manual backup is based on 

indicator tubes such as those offered by Drager (National Mine Service Company). 

These tubes when used'with a hand suction pump give an indication of the con- 

centrations of a particular trace component by a color change in the tube. 

These tubes can be used to measure down to the levels of concern for all 

three of the additives. 



NEDC-23856-3 

3.9.8 Addi t iona l  Procedure Requirements 

The a d d i t i v e  system w i l l  r e q u i r e  s p e c i f i c  s t a r t - u p ,  shut-down, i s o l a t i o n  and 

purging procedures.  The r e a c t o r  subsystem conta in ing  t h e  i n j e c t i o n  system 

w i l l  r e q u i r e  procedura l  changes f o r  s t a r t u p  and shutdown. 

S p e c i a l  f i r e  f i g h t i n g  procedures  f o r  each a d d i t i v e  have been discussed.  l 8  

Unique elements of t h e s e  procedures  should be addressed i n  t h e  s i t e  emergency/ 

f i r e  f i g h t i n g  procedures .  

3.9.9 -,...,.*..,. Emergency ,,., ,,.a. Core Cool ing  Systenr 

The AWC a d d i t i v e s  and t h e i r  r e s n l t a n t  mod i f i ca t ion  of t h e  11 Q2 I . ev~1s  
2 

i n  t h e  r e a c t o r  v e s s e l  w i l l  have no impact on t h e  ECCS f o r  t h e r e  i s  no change 

i n  t h e  suppress ion  pool  concen t r a t ions  and t h i s  pool  i s  t h e  source  of ECCS 

water .  

3.9.10 Post-LOCA Hydrogen Concent ra t ions  

The p o t e n t i a l  f o r  an i n c r e a s e  of post-LOCA hydrogen concen t r a t ion  due t o  an  

AWC system was eva lua ted .  The increased  hydrogen concen t r a t ion  i n  t h e  c o r e  

coo lan t  causes an  i n c r e a s e  of approximately 0.1% (by Volume) H, gas i n  t h e .  
L 

drywc l l  f o r  Mark I and I11 p l a n t s .  This  s l i g h t . i n c r e a n c  however doec not  

r e s u l t  i n  a  post-LOCA hydrogen concen t r a t ion  exceeding 4% (by volume), t h e  

lower exp los ive  l i m i t  f o r  hydrogen i n  a i r .  F igure  3-32 shows t h e  bui ldup  

of hydrogen i n  t h e  drywel l  a s  a  func t ion  of t ime,  f o r  normal water .  

3 .9.11 Crud and R a d i o a c t i v i t y  Transport  and Build-up 

The bui ldup  of c.x.ud on fuel h e a t  t r a n s f e r  s u r f a c e s  a f t e r  and dur ing  ope ra t ion  

w i t h  hydrogen added t o  t h e  BWR feedwater i s  an  important cons ide ra t ion .  A 

l i t e r a t u r e  s ea rch  f a i l e d  t o  r e v e a l  any p e r t i n e n t  information.  A t r i p  t o  

t h e  AECL l a b o r a t o r i e s  a t  Chalk River  was made t o  review d a t a  from a b o i l i n g  



loop t h a t  had opera ted  wi th  hydrogen a d d i t i o n .  Experimental cond i t i ons  .a re  

given i n  Table 3-35 and t h e  r e s u l t s  i n  Table 3-36. The crud l e v e l s  of 10  

t o  35 ppb i n  t h e  NRX r e a c t o r  loop a r e  t y p i c a l  of BWR ope ra t ions  al though 

l e v e l s  of 100 ppb a r e  common a t  Brunswick 2. 

Fuel  crudding r a t e s  have been ex tens ive ly  s tud ied  f o r  BWR f u e l  and Fig- 

u r e  3-33 compares t h e  a x i a l  shape of t h e  expected BWR v a l u e s  wi th  t h e  d i s t r i -  

bu t ion  shown i n  Table 3-36. Both cases  have been a r b i t r a r i l y  normalized t o  

u n i t y  a t  t h e  bundle i n l e t .  Deposit  weights  cannot be compared d i r e c t l y  

because t h e  AECL t e s t  (684) r a n  f o r  on ly  about  a  month compared t o  BWR f u e l  

r e s idence  t imes of yea r s .  Only r e l a t i v e  comparisons of t h e  observed 

d e p o s i t s  can be made. The 684 t e s t  revea led  what appears  t o  be a  marked . 

Reynolds number dependency and the  d e p o s i t s  were d i s t r i b u t e d  r e l a t i v e l y  more 

uniformly along t h e  f u e l  bundle than  t h e  General E l e c t r i c  BWR. Undoubtedly 

t h e  Reynolds number changes con t r ibu ted  t o  t h e  a l t e r n a t i n g  decrease  and then  

i n c r e a s e  in ,depos j , t i on  r a t e s  w i th in  t h e  bundle,  probably due t o  changes i n  

v e l o c i t y .  

A cons ide rab le  amount of t ime was taken dur ing  t h e  AECL meeting d i scuss ing  

crud morphology. AECL had run t h e  NRX loop wi th  n e u t r a l  chemistry and w i t h  

hydrogen added and i n  both cases  r epo r t ed  t h e  f u e l  crud t o  be  Fe203. This  

i s  a l s o  t h e  dominant co r ros ion  product s p e c i e s  found on t h e  BWR f u e l .  The 

Fe 0  was s t a b l e  even when t h e  b o i l i n g  t e s t  f u e l  element was r e tu rned  t o  t h e  
2 3  

r e g u l a r  CANDU environment. They were quest ioned a s  t o  t h e i r  expec ta t ion  of 

crud b u r s t s  upon s t a r t  of hydrogen i n j e c t i o n  i n t o  an o ld  p l a n t  and no such 

crud b u r s t s  were a n t i c i p a t e d ,  because of t h e  observed s t a b i l i t y  of t h e  Fe203 

and Fe 0  s t r u c t u r e s .  
3  4  





Table 3-35 

OPERATING CONDITIONS OF NEUTRAL, BOILING WATER LOOP TEST 

FROM AECL, -SEPTEMBER 1978 

Exposure Time 

Water Flow Rate 

44.5 Effective Full Power Days 

0.75 kg/s (1.65 lbm/s) 

Pressure - Test Section Inlet 7.93 MPa (1,150 psi) 

Temperature - At Outlet of Mixing Tee 278°C (532°F) 

.- Test Section Inlet 288°C (550°F) 

- Test Section Outlet 294°C (561°F) 

Outlet Steam Quality 

Water chemistry - pH 

- Dissolved Hydrogen 

- Crud Level 

Neutron Flux - Thermal 

- Fast 

Fuel String Power - Gross 

- Net (allowing for 
heat loss to core 
surroundings) 

Surface Heat Flux, Maximum 

Average Reynolds Number 

In Fuel String 

1.09 M W / ~  
2 

1.0 x lo5 (in trefoil bundle) 

5 2.3 x 10 (in single element) 



Bundle 

Outlet 

1 

Flow 3 

4 

Inlet 

Table 3-36 

FUEL DEPOSIT DATA FROM BOILING LOOP TEST 

FROM AECL, SEPTEMBER 1978 

Surface Steam 
Heat Flux Quality 

Element (Pfw/m2) (wtX) 

Deposit Weight 
of Iron 
(mg/m2> 

*Element cut up for examination. 



O.! 

( 

0 GEBWR 

0 AECL684 TEST 

t 
OUTLET 

AXIAL POSITION ALONG BUNDLE 

Figu re  3-33. BWR Fue l  Depos i t  Depos i t ion  



3.10 TASK B-9. ADDITIVE CONSUMPTION AND SOURCE (T. L.  Wong) 

Objec t ive .  P r e d i c t  t h e  consumption of each a d d i t i v e  a s  a  func t ion  of r equ i r ed  

c o o l a n t  concen t r a t ion  and t h e  consequent i n c r e a s e  i n  p l a n t  ope ra t ing  c o s t  

from t h e  use of each of t h e  chemicals.  

The e f f u r t  on t h i s  t a s k  has  been t o  o b t a i n  d a t a  on c o s t s ,  recommended 

form and a v a i l a b i l i t y ,  and t o  determine whether any hydrogen r e c y c l e  system 

should b e  f u r t h e r  cons idered .  

3.10.1 H~drogcn  Recycle 

The a d d i t i v e  c o s t  f o r  hydrogen a d d i t i o n  r.o~ilrl h e  reduced by ~ e p n r a t i n g  t h c  

hydrogen form t h e  o f f g a s  s t ream a t  a l o c a t i o n  upstream of t h e  recombiner and 

then  r ecyc l ing  t h e  f a i r l y  pure  hydrogen back t o  t h e  i n j e c t i o n  system. Based 

on a v a i l a b l e  technology,  s e v e r a l  p rocesses  have t h e  c a p a b i l i t y  f o r  s e p a r a t i n g  

hydrogen krom t h e  o f f g a s .  The swing-cycle adso rp t ion  process  was d iscussed  i n  

a  prev ious  q u a r t e r l y  r e p o r t .  Other p o t e n t i a l  hydrogen18 s e p a r a t i o n  processes  

a r e  d iscussed  i n  t h e  subsequent s e c t i o n .  

3.10.2 Membrane S e ~ a r a t i o n  Process  

The membrane p roces s  f o r  s e p a r a t i n g  hydrogen from n i t r o g e n  i s  based upon t h e  

r e l a t i v e  permeation of gases  through a  membrane b a r r i e r .  The membrane separa-  

t i o n  process  i s  a  cont inuous  process  which ope ra t e s  a t  ambient tempera.ture,  

The p roces s  o p e r a t e s  w i t h  a  d i f f e r e n t i a l  p re s su re  a c r o s s  the  membrane. 

Genera l ly ,  a  membrane u n i t  ope ra t e s  under p r e s s u r e  on one s i d e  and a t  . 

atmospheric  p r e s s u r e  on t h e  low p r e s s u r e  s i d e .  

F i g u r e  3-34 shows a  schematic  of a  membrane s e p a r a t i o n  u n i t .  The feed  gas 

c o n s i s t i n g  of n i t r o g e n  and hydrogen e n t e r s  t h e  u n i t  a t  t h e  high p re s su re  s i d e .  

The o u t l e t  gas from t h e  u n i t  i s  conta ined  i n  two streams.  One s tream i s  

hydrogen r i c h  and t h e  o t h e r  s t ream i s  hydrogen-lean. The concen t r a t ions  of 

hydrogen i n  t h e  two s t reams a r e  determined by t h e  r e l a t i v e  gas p e r m e a b i l i t i e s  

and t h e  a v a i l a b l e  membrane a rea .  
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I n  gene ra l ,  t h e  l a r g e  s c a l e  a p p l i c a t i o n  of membrane s e p a r a t i o n  had n o t  

m a t e r i a l i z e d  u n t i l  r e c e n t  yea r s .  Th i s  occur red  a f t e r  t h e  development of 

technology f o r  p repar ing  hol-low f i b e r s .  The u t i l i z a t i o n  of hollow f i b e r s  

permi ts  t h e  des ign  a n d . c o n s t r u c t i o n  of  membrane u n i t s  w i t h  h igh  e f f e c t i v e  

membrane a r e a  t o  volume r a t i o s  and wi th  t h e  c a p a b i l i t y  t o  wi ths tand  s u b s t a n t i a l  

p r e s s u r e  d i f f e r e n t i a l s .  

For l a r g e - s c a l e  hydrogen s e p a r a t i o n s ,  s e v e r a l  membrane processes25  e x i s t .  

The Permasep Process  developed by t h e  DuPont Company c o n s i s t s  of hollow f i b e r s  

made of polymeric membrane. The hollow f i b e r s  a r e  of t h e  Dacron p o l y e s t e r  type ,  

18  p i . d .  and 32 t o ' 3 8  p  o..d. A module i s  cons t ruc t ed  of m i l l i o n s  of f i b e r s  

encased i n  a  s t e e l  s h e l l  r a t e d  a t  de s ign  p r e s s u r e .  A module is  approximately 

1 8  f t  long by 12 i n .  i . d .  A commercial u n i t  ha s  been opera ted  f o r  t h e  recovery 

of hydrogen trom r e f i n e r y  gases. 
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3.10.3 M e t a l l i c  Membrane Processes  

Other known l a r g e - s c a l e  hydrogen s e p a r a t i o n  processes  a r e  t h e  Union Carbide 

Hydrogen P u r i f i c a t i o n  and t h e  Matthey Bishop Hydrogen P u r i f i c a t i o n  processes .  

These processes  u se  m e t a l l i c  meinbranes made of pal ladium a l l o y .  The Union 

Carbide process  o p e r a t e s  a t  a  feed  p re s su re  of 500 p s i  and temperatures  of 

300 t o  400°C o r  h ighe r .  Gas i m p u r i t i e s  such a s  CH 
4 '  C2H6' CO and H S may have 

2 
a  d e l e t e r i o u s  e f f e c t  o n . t h e  membrane. Union Carbide ope ra t e s  t h e i r  p rocess  

t o  recover  and p u r i f y  hydrogen from o l e f i n s  p l a n t s  by-product f u e l  gas .  

Matthey Bishop manufacturers  and markets labora tory-  and ssmi-scale  hydrogen 

p u r i f i c a t i o n  u n i t s  made of Ag-Pd (10 t o  50% s i l v e r )  a l l o y  membranes. Small 

u n i t s  i n  t h e  10  t o  50 s c f h  range a r e  a v a i l a b l e  commercially. Larger unics 

such a s  a  1500 s c f h  u n i t  a r e  a v a i l a b l e  only  on a custom-made b a s i s .  

3.10.4 System S i z e  

C a l c u l a t i o n s  were made t o  s i z e  a  hydrogen s e p a r a t i o n  u n i t  f o r  concen t r a t ions  

and f low r a t e s  de f ined  i n  t h e  mass ba lance  flow s h e e t  f o r  t h e  10 ppb oxygen 

r e a c t o r  water  ca se .  The c a l c u l a t i o n s  were made by assuming t h a t  t h e  feed  

s t ream i s  a  b ina ry  gas  mixture  c o n s i s t i n g  of hydrogen and n i t rogen .  The 

DuPont hollow f i b e r  gas  pe rmeab i l i t i e s20  of 165 and 3 .1  [ ( c c )  (cm) r 10 -12, 

( s ec )  (cmL) (cmHg)] f o r  hydrngen and n i t r o g c n  respecLively were used f o r  

t h e s e  c a l c u l a t i o n s .  The concen t r a t ions  of t h e  e f f l u e n t  s t reams and t h e  t o t a l  

membrane a r e a  requi rements  were es t imated  w i t h  a  one-side mixing modcl. Th i s  

model assumes p lug  f low f o r  t h e  f eed  s t ream which i s  in t roduced  t o  the i r l s ide  

of t h e  hollow f i b e r s  and complete mixing f o r  t h e  permeate.phase.  T ~ P  mass 

ba lance  f low s h e e t  es t imated  wi th  t h e  minimum hydrogen r e j e c t  concen t r a t ion  

i s  shown Figure  3-35 f o r  t h e  membrane u n i t .  The membrane a r e a  requirement 

t o r  a high p r e s s u r e  s i d e  of 1 . 0  atm and a  low p r e s s u r e  s i d e  of 0 . 1  atm was 
6 2 

e s ~ i m a t e d  t o  be  8.9 x  10 f t  . 



. F i g u r e  3-35. Mass Balan,ce Flow Sheet w i t h  Hydrogen 'Separa t ion  
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3.10.5 Sponge Alloy Sepa ra t i ons  

The use  of  me ta l  hyd r ides  f o r  hydrogen s t o r a g e  has  been a s u b j e c t  of r e s e a r c h  

and development i n  r e c e n t  yea r s .  Molycorp, Inc .  proposes  t h e  u se  of r a r e -  

ear th-based m a t e r i a l s  such a s  lanthanum-nickel a l l o y s  t o  s t o r e  hydrogen. 

These a l l o y s  a t  a g iven  tempera ture  and p r e s s u r e  w i l l  adsorb hydrogen deep 

i n t o  t h e i r  a tomic s t r u c t u r e s  t o  form hydr ides .  The process  i s  e n t i r e l y  

r e v e r s i b l e  s i n c e  a t  a lower p r e s s u r e ,  hydrogen w i l l  b e  l i b e r a t e d  a s  a gas .  

A lanthanum-nickel a l l o y 2 6  has  t h e  c a p a c i t y  t o  s t o r e  approximately 125 cc of 

hydrogen per  gram of  a l l o y  a t  2 t o  3 atm of p r e s s u r e  and 0°C. Heat d i s s i p a -  

t i o n  a t  t h e  r a t e  of approximately 13,000 Btu pe r  l b  mole of hydrogen adsorbed 

must be  provided i n  t h e  des ign  o f . t h i s  t ype  of hydrogen p u r i f i c a t i o n  process .  

Based 011 a v a i l a b l e  in format ion  large sca le  a p p l i c a t i o n  of this P ~ U C E Y Y  has 

n o t  y e t  m a t e r i a l i z e d .  
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Appendix A 

EQUIPMENT LIST - HYDROGEN I N J E C T I O N  SYSTEM 

Design 
~ e m p e r a t u r e l  

Equipment S ize  Pressure Mater ia l  Other Requirements - 

Flow c o n t r o l  6x8 300°F / 2000 ps ig  Carbon S t e e l  Motor operated 
va lve  (cs)  900# ANSI 

4 Gate valve 6 i n .  300 / 2000 C S Motor operated 
No. of va lves  - 2 

Pump and 
Driver  

Water flow r a t e  - 
2175 gpm 

I n l e t  p res su re  - 
1218 ps ig  

TDH - 406 f t .  of water 
a t  des ign  condi t ions  

O r i f i c e  p l a t e  6 i n .  300 / 2000 316 S t a i n l e s s  Diameter o r i f i c e  
S t e e l  (SS) Diameter p ipe  

0.85 

Mixing u n i t s  12 in.. 300 / 2000 C S Type - Koch LY 
No..of u n i t s  - 14 

Piping 6 i n .  300 / 2000 C S Schedule 120 
No. of f e e t  - 27 

12 i n .  300 / 2000 ' C S Schedule 120 
No. of f e e t  - 40 

HYDROGEN SYSTEM 

Flow c o n t r o l  112 i n .  70 / 3000 316 SS A i r  operated 
va lve  

Gate va lve  112 i n .  70 / 3000 316 SS 1 A i r  operated va lve  
2 Manual va lves  

.Check va lve  112 i n .  70 / 3000 316 SS 

Piping 112 i n .  70 / 3000 316 SS Schedule 80s 
No. of f e e t  - 1200 



Appendix B 

SAMPLE CALCULATIONS 

The fo l lowing  i s  a l i s t i n g  of t h e  va r ious  computations t h a t  were performed i n  

t h e  course  of t h e  des ign  of t h e  hydrogen i n j e c t i o n  system. The a c t u a l  calcu-  

l a t i o n s  were programmed i n t o  and completed on a Texas Ins t ruments ,  Inc .  TI-59, 

Programmable Ca lcu la to r .  Program l i s t i n g s  a r e  a v a i l a b l e  on r eques t .  

Phys i ca l  P r o p e r t i e s  of Hydrogen and Water 

1. b e n s i t y  of Hydrogen a t  T = 300°F; P = 1200 p s i g  

p = 0.285 l b l f t  
3 

(Reference B-1) 

2. Densi ty  of Water a t  T = 300°F; P = 1200 p s i g  

p = 57.31 l b l f t  3 
(Reference B-2, Appendix 14) 

3 .  Viscos i ty  of water a t  T =.300°F;  P = 1200 p s i g  

. LI. = 0.185 cp (Reference B-2, Appendix 14) 

Ca lcu la t ion  of Hydrogen-Water D i f fus ion  C o e f f i c i e n t  

1. , For gas d isso lved  i n  a l i q u i d  

D i j  x u1 
= cons t an t  (Reference B-3) 

Tabs 

2. D i f fus ion  of hydrogen i n t o  a n  aqueous s o l u t i o n  a t  i n f i n i t e  

d i l u t i o n  a t  T = 25OC; P = 1 a t m .  

D 
-5 2 

= 4..8 x 10 crn / s e c  (Reference B-4, experimental)  
i j 



3. 
lJ 1 

at 25°C = 0.9147 cp (Reference B-5) 

4. Evaluation of the "constant" 

- 5 
constant = 4.8~10 x 0.9147~10 -2 / 298 

5. Diffusion~coefficient at T = 300°F; p = 1200 psig 

- 2 
pl = 0.185~10 gm/cm-ssp. (Reference B-2, Appendix 14) 

2 
= 3.36x10-~ crn /sec . 

Calculation of Length of Mixing Section for a Given Amount of Absorption 

1. Design parameters 

a. 232 of gas absorbed 

b. Initial hydrogen flow is 30 lb/hr 

c. Pipe: 12-in. Schedule 120, i.d. = 10.75 in. 



2.  Calculation of Q 

3. Calculation of A 

4. Calculation of x 

5. Calculation of 'ta 

. I;La Iur 0 -H 0 = 7 .5  ( F i g u r e  3-28 ui main r e p u r t )  
2  2  

L L 
c. %a for H-H 0 = 

2  2  
X 

' t a ( 0 2 - ~ 2 ~ )  D (02-H20) 



6. C a l c u l a t i o n  of Length, L = Q/%a A 2 

Genera t ion  of Hvdroken A b s o r ~ t i o n  Curve f o r  Koch S t a t i c  Mixers 

1. Determine v a l u e  of c o n s t a n t  from L = 0.488 f t  f o r  23% a b s o r p t i o n  

C = L / l n ( l  - abs)  = 0.488/1n(1 - 0.23) = 1 . 8  

2.  Computation of hydrogen a d s o r p t i o n  curve  

L = C l n ( 1  - abs )  

Table  B-1 summarizes t h e  r e s u l t s  f o r  L ve r sus  v a r i o u s  v a l u e s  f o r  

a b s  . 

C a l c u l a t i o n  of P r e s s u r e  Drop Through Hydrogen I n j e c t i o n  S ide  Stream Loop 

1. AP f o r  e n t r a n c e  and e x i t  p ip ing  

f x w' APIL = 0.00000336 x (Reference B-6, p.  3-2) 
d X P  

5 2 
0.0165 x (9,77x10 ) 

AF/L ( 6  i n .  Ecbcdulc 120) - 3 . 3 6 ~ 1 0 - ~  x - 
5037 x 57'.3 

= U.1833 p s i / k  t 

AP/L (12-in.  Schedule 120) = 0.00546 p s i / f t  



Table B-1  

MIXING LENGTH VERSUS HYDROGEN ABSORPTION 

2. AP f o r  90" long r a d i u s  elbows 

K x 'wL 
AP = 0.000,00028 x - 4 (Reference B-6, p 3-4) 

d X P  

b u t  K - = f L /D 

and L/D = 20 (Reference B-6, p . ,  A-30) 



= 1.68 p s i  

AP (12") = 0.0978 p s i  

3.  AP f o r  g a t e  v a l v e s  

w i t h  LID = 1 3  (Reference B-6, p. A-30) 

= 1.09 p s i  ( f t  6-in.  va lve )  

4 .  AP f o r  en t r ance  and e x i t  e f f e c t s  

w i t h  K = 0.04 f o r  well-rounded en t r ance  and (Reference B-6, p. A-26) 
K = 1.00 f o r  well-rounded e x i t  

= 5.30 p s i  ( f o r  6-in.  Schedule 120 p ipe)  

5 .  .AP f o r  expansion and c o n t r a c t i o n  e f f e c t s  

w i t h  K = 0.545 f o r  a 6"x12" expansion and ( ~ e f e r e n c e  8-6, p. A-26) 
K = 0.33 f o r  a 6"x12" c o n t r a c t i o n  

= .  4.46 p s i  

6 .  AP f o r  f low measuring o r i f i c e  

2 
AP = (W11891 x d x c ) ~  x l / p  (Reference 8-6, p. 3-5) 

0 



w i t h  d = 4.676", d  /dl = 4.67615.501 = 0.85 
0 0 

and C = 0.83 (Reference B-6, p.  A-20) 

= 1 4 . 1  p s i  

but a c t u a l  p r e s s u r e  drop i s  34% of t h i s  v a l u e  ( ~ e f e r e n c e  B-7, p. 121 

AP = 1 4 . 1  x 0.34 = 4.8 p s i  

7. AP f o r  mixing s e c t i o n  

-f 
2 AP/L = 3 . 6 x 1 0 - ~  x f  x  p v IdH (Reference B-8) 

The above p r e s s u r e  drops  a r e  summarized i n  t h e  fo l l owing  t a b l e .  

Table  B-2 

SYSTEM PRESSURE DROPS 

Empty P ipe  

Elbows ( 2 l s r c ~ )  

Gate Valve 

Ent /Exi t  E f f e c t s  

Mixing Sec t ion  

ExpIContr. E f f e c t s  

O r i f i c e  p l a t e  

Flow Cont ro l  Valve 

Entrance P ip ing  

(15 f t )  2.75 

3 . 3 6  

1.09 

5.30 
t o t a l  

Mixing S e c t i o n  

(26 f t )  0.14 

0.20 

4.46 
t o t a l  

E x i t  P ip ing  

(12 f t )  2.20 

3 . 3 6  

1.09 

% 
25 allowed 

T o t a l  by Sec t ion  41.96 41.92 

T o t a l  P re s su re  Drop 95.33 p s i  



Calculation of Side Stream Pump Size 

1. Water horsepower 

P 
war 

2. Brake hor~epowur 

BHP Pvot / cf f iciency 

(Reference B-6, p. B-9) - 



References - Appendix B 

Properties of Principal Cryogenics, 3rd. Part., 1966, pp. 111-2. 

McCabe, W. L. and Smith, J. C. Unit Operations of Chemical Engineering, 
3rd Ed., McGraw-Hill. 1976, pp. 732, 697. 

McCarty, T. D. Hydrogen Technological Survey - Thermophysical 
Properties. NASA SP-3089, 1975, pp. 102-103. 

Reed, R. C. and Sherwood, T. K. Properties of Gases and Liquids, 
2nd Ed., McGraw-Hill. 1966, pp. 18-20, 382, 520-556, 571. 

Bird, R. B., Stweard, W. E., and Lightfoot, E. N. Transport Phenomena. 
John Wiley & Sons. 1970, pp. 8. 

Crane Technical Paper'No. 410, 1969. 

American Society of Mechanical Engineers, Power ~ e s t  Code, 19.5; 
4-19'59. Flow Measurement - Part 5, Measurement of Quantity of 
Materials. 

Pluess, R. C. Pressyre Drop Calculations on Koch Static Mixing Units, 
Revision 1. Koch Engineering Co. 1977. 






