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-%p Northern States Power Company 

414 Nicollet Mail 
Minneapolis, Minnesota 55401 
Telephone (612) 330-5500

January 24, 1983 

Director 
Office of Nuclear Reactor Regulation 
U S Nuclear Regulatory Commission 
Washington, DC 20555 

MONTICELLO NUCLEAR GENERATING PLANT 
Docket No. 50-263 License No. DPR-22 

NUREG-0737, Item II.B.3, Post-Accident Sampling Compliance 

In response to a letter dated November 2, 1982 from D B Vassalo, Chief 
Operating Reactors Branch #2, Division of Licensing, to D M Musolf, Northern 
States Power Company, a report (attached) has been prepared which addresses 
the status of compliance with NUREG-0737, Item II.B.3. Also included in the 
report are responses to the NRC supplied clarifications of each criterion 
listed in Item II.B.3.  

Please contact us if you have any questions related to the information we 
have provided.

David Musolf 
Manager-Nuclear Support vices 

DMM/js 

cc: Regional Administrator - III 
NRR Project Manager, NRC 
Resident Inspector, NRC 
G Charnoff
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Attachment 
Director of NRR 
January 24, 1983 

REVIEW OF THE POST-ACCIDENT 

SAMPLING FACILITY COMPLIANCE WITH 

NUREG 0737, ITEM II.B.3 

FOR THE 

MONTICELLO NUCLEAR GENERATING PLANT 

NORTHERN STATES POWER COMPANY 

Prepared by: 
Monticello Nuclear Generating Plant 
Northern States Power Company



enents :omoliance of the post-accident sampling facilties at 
c nratina Plant with NUREG-0737 Item II.B.3.  

The 2-amplng facilities consist of a Post-Accident Sampling Station (PASS) 
wnin includes a control panel, piping station and sample station), a 

h s lbratory, and radiochemical "count room".  

The !SS I b'ased on a design developed by General Electric. It provides the 
copabiiltv for the following samples: 1) reactor coolant, 2) containment atmos

3; esidual heat removal (RHR) system liquid, 4) torus atmosphere, and 
i) 5conaary containment (reactor building) atmosphere.  

This report addresses both the criterion listed in NUREG 0737, and the clarifi
cations provided by the NRC for each criterion.
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0

Clari ication: 

Response:

0
o30~

cnsee shwal have the caoability to promptIV obtain 
o3lnt samples and containment atmosphere 
a: combined time -llotted for sampling and 

na\sis shouId be 3 hours or less from the time a deci
n made to :ake a samole.  

(1) GE aesignated Post-Accident Sampling Station (PASS) has 
4een installed to enable plant personnel to obtain and 

anaIyze. under post-accident conditions, grab samples of 
primarv coolant and containment atmosphere within three 
hours from the time a decision is made to take a sample.  

Provide information on sampling(s) and analytical labora
tories locations including a discussion of relative 
elevations, distances and methods for sample transport.  
Responses to this item should also include a discussion of 
sample recirculation, sample handling and analytical times 
to demonstrate that the three-hour time limit will be met 
(see (6) below relative to radiation exposure). Also 
describe provisions for sampling during loss of off-site 
power (i.e., designate an alternative backup power source, 
not necessarily the vital (Class IE) bus, that can be 
energized in sufficient time to meet the three-hour samp
ling and analysis time limit).  

Post-accident sampling will involve three areas of the 
plant. The Chemistry lab and count room are located 
adjacent to one another on the 928' level just inside of 
access control in the Administration Building. The PASS 
is located on 951' level of the Turbine Building. Hand
held lead casks will be used to transport gas and liquid 
samples to the chemistry lab and count room. Transporting 
time is approximately 45 seconds. To obtain representa
tive samples the liquid and gas samples are flushed 
through the PASS for five minutes. The PASS is designed 
to minimize sample handling. To perform some analyses it 
may be necessary to make sample dilutions. The most time 
consuming analysis is for hydrogen and oxygen, which 
requires about 1.5 hours (includes a one hour instrument 
warm-up period). The PASS, chemistry lab and count room 
are supplied with power from the Y20 bus which is supplied 
with power from the diesel generator during a loss of off
site power.

AAA405



:age of 70

Compli ance:

csee shall stablish an onsite radiological and 
namical analysis capability to provide, within three-hour 

_'2 :ame established above. Quantification of the 

*; certain radionuclides in the reactor coolant and con
tainment atmosphere that may be indicators of the 
degree of core damage (e.g., noble gases; iodines and 
casiums, and non-volatile isotopes); 

b) aydrogen levels in the containment atmosphere; 

(c) dissolved gases (e.g., H ), chloride (time allotted 
for analysis subject to ciscussion below), and boron 
concentration of liquids; 

(d) alternatively, have in-line monitoring capabilities 
to Perform all or part of the above analyses.  

(2) (a) The Monticello count room contains two germanium
lithium drifted detectors each of which is connected 
to a multichannel analyzer. Both multichannel ana
lyzers are connected to the PDP 11/44 chemistry 
comouter. A predetermined library of radioisotopes 
is stored in the computer memory. The computer 
searches for the radioisotopes listed in its lib
rary. Included in the computer's library are radio
nuclides which may be indicators of the degree of 
core damage including noble gases, iodines, cesiums.  
A typical radioisotopic analysis would require about 
fifteen minutes.  

(b) A Hewlett-Packard 5840 gas chromatograph located in 
the chemistry lab will be used to analyze hydrogen 
concentrations in containment atmosphere. Such an 
analysis would require 1.5 hours (this includes a 
one-hour instrument warmup period).  

(c) The Hewlett-Packard 5840 gas chromatograph will be 
used for dissolved gas analysis. Analysis would 
require about thirty minutes (assuming gas chromato
graph is warmed-up). A chloride analysis can be 
performed in twenty-five minutes using a AgNO 
turbidimetric method. The HACH Boron Method will 
used to determine boron concentrations. This 
analysis should require about thirty minutes.  

(d) We do not have in-line capabilities for any of the 
analyses stated in Criterion 2.

Clarification: (2) (a) A discussion of the counting room equipment capabili
ties is needed including provisions to handle samples 
and reduce background radiation to minimize personnel 
radiation exposures (ALARA). Also a procedure is
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eiating raionuclide concentrations to 
:r 'Iamaqe. The procedure should incluce: 

. onitoring for short and long lived volatile and 
,on-volatile radionuclides such as 133-Xe, 
131-L 137-Cs, 134-Cs, 35-Kr, 140-Ba, and 88-Kr 
(see volume II, Part 2, pp. 524-527 of Rogovin 
Report for further information).  

2. Provisions to estimate the extent of core damage 
based on radionuclide concentrations and taking 
nto consideration other physical parameters 

such as core temperature data and sample loca
tion.  

(2) (b) Show a capability to obtain a grab sample, transport 
and analyze for hydrogen.  

2' c Discuss the capabilities to sample and analyze for 
the accident sample species listed here and in 
Regulatory Guide 1.97, Revision 2.  

2) (d) Provide a discussion of the reliability and maint
enance information to demonstrate that the selected 
on-line instrument is appropriate for this applica
tion. (See (8) and (10) below relative to backup 
grab sample capability and instrument range and 
accuracy.) 

(2) (a) The counting equipment is described in Compliance 2a.  
All samples will be kept behind lead shielding when
ever possible. Samples when not being used will be 
stored outside of the chemistry lab and count room to 
minimize background radiation to minimize personnel 
exposure. A procedure using Xe-133 from containment 
atmosphere and 1-131 from reactor coolant is used to 
estimate core damage. Detection of an increased con
centrations of such elements as Sr, Ba, La and Ru, 
which would provide evidence of fuel melting, is also 
considered. Containment radiation monitor readings 
have been correlated with core damage and will also 
be considered during a core damage assessment.  

(b) The PASS provides the capability to obtain contain
ment atmosphere samples through the gas sampling 
portion of the system. These samples will be 
obtained in fifteen milliliter gas vials and trans
ported while in a portable lead shield. Hydrogen 
analysis capability is described in Compliance 2b.

Response:
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pit 0 a e mn :nalyze dissolved gases, 
de d oron s fully described in the 

ST 1 ri 4 and 9. a diluted samDle 
use e sed, i ilI be imoossible to meet the 

snsitivity' and accuracy requirements of Regulatory 
*_uide 1.97 and Criterion 10 of NUREG-0737 in terms of 
on-site chloride analysis. If the sample activity is 
low enouah that an undiluted sample can be obtained 
anu analyzed we can meet the sensitivity and accuracy 
requirements.  

(d) W!e do not presently monitor dissolved gases, chlo
rides or boron using on-line instrumentation.
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o moace:

a-c-or ~cooant and containment atmosphere sampling during 
s ccident conditions shall not require an isolated 

on liay system e.g. , the letdown system, reactor water 
anuo system (RWCUS)] to be placed in operation in oraer 
ase oe samoiing system.  

3) :;e PASS is designed to provide representative grab 
samples of reactor coolant, torus liquid, primary contain
ment atmospnere and secondary containment atmosphere.  

The reactor coolant sample is obtained through sample taps 
n t;e jet pump flow sensing lines when the reactor is 

pressurized.  

During periods when the reactor vessel is depressurized 
and the residual heat removal (RHR) system is in the shut
down cooling mode reactor coolant is obtained through 
samole taps on the discharge line of the RHR pumps. The 
RHR taps would also allow sampling of suppression pool 
liquid when the RHR System is in the low-pressure coolant 
injection or suppression pool cooling mode.  

Drywell and torus (containment) atmosphere samples are 
provided through the containment atmosphere monitoring 
(CAM) system sample lines. The CAM system is a safety 
grade system and its operation is required to obtain 
containment gas samples.

Clarification: (3) System schematics and discussions should clearly demon
strate that post accident sampling, including recircula
tion, from each sample source is possible without use of 
an isolated auxiliary system. It should be verified that 
valves which are not accessible after an accident are 
environmentally qualified for the conditions in which they 
must operate.  

Response: (3) The system is described in the response to Criterion 3.  
The jet pump samples as well as RHR samples discharge to 
the suction side of the RHR pumps. All gas samples are 
discharged to the torus with the exception of the secon
dary containment gas sample which is discharged back to 
secondary containment. All but four PASS valves have been 
verified environmentally qualified. The four valves that 
have not been verified environmentally qualified are 
existing excess flow check valves on the jet pump lines 
into which PASS sample lines have been tapped. (The four 
valves are of metallic composition with no organic compo
nents.) In addition, General Electric (GE) has completed 
a study in which the components of the PASS piping station 
which are located in the reactor building have been found 
environmentally qualified when compared to several BWR 
equipment environmental interface data design specifica
tions.
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Cec nactor c-oant samoles are not required if 
cnsee cn qualif'! the amount of dissolved cases 

morescurized reactor coolant samples. The measure
S hener cotal dissolved gases or H, gas in reactor 

'onc samples is considered adequate. Measuring the 0, 
cenrtions is recommended. but is not mandatory" 

he PASS has provision for circulating primary coolant 
-cugn a 70 milliliter holidup cylinder. Since the sample 

ne aischarges to the suppression pool at approximately 1 
mosonere pressure, there will be some phase separation 

occurring in the sample stream if the reactor is at a high 
pressure, and the coolant contains a large quantity of 
dissolved gases. (A large quantity of dissolved gas is 
totally contrary to existing BWR normal operating/shutdown 
experience.) The flow through the sample station dis
':harge flow control valve can be throttled to increase the 
7ressure in the PASS holdup cylinder. This will minimize 
ha se separation. The holdup cylinder is then isolated 

and the contents circulated through a gas loop containing 
a measured amount of inert krypton. After mixing with the 
k1rypton, the gases in the flow chamber are vented to a 15 
milliliter, evacuated gas collection chamber which is 
equipped with a pressure gauge for initial estimation of 
the dissolved gas concentrations. A fraction of this gas 
can be expanded into an evacuated 15 milliliter system 
;bottle to obtain a sample for analysis of the hydrogen, 
krypton, and possibly oxygen by gas chromatography. The 
concentration of krypton in the gas sample is used to 
calculate the fraction of the dissolved gases recovered.  
The krypton also serves as a stripping agent at low gas 
concentration.

Clarification: (4) Discuss the method whereby total dissolved gas or hydrogen 
and oxygen can be measured and related to reactor coolant 
system concentrations. Additionally, if chlorides exceed 
0.15 ppm, verification that dissolved oxygen is less than 
0.1 ppm is necessary. Verification that dissolved oxygen 
is < 0.1 ppm by measurement of a dissolved hydrogen resi
dual of > 10 cc/kg is acceptable for up to 30 days after 
the accident. Within 30 days, consistent with minimizing 
personnel radiation exposures (ALARA), direct monitoring 
for dissolved oxygen is recommended.  

Response: (4) The clarification requirement to verify that the dissolved 
oxygen is less than 0.1 ppm when the hydrogen concentra
tion is greater than 10 cc/kg is contrary to the original 
NUREG-0737 criteria that measuring the oxygen concentra
tion is recommended, but not mandatory. It is also 
contrary to normal BWR operating conditions. The clarifi
cation criteria implies limiting the chloride to 0.15 ppm 
at oxygen concentrations above 0.1 ppm. Typical BWR tech
nical specifications for primary coolant chloride concen-
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U OT ID

:hno o0.1 co chloride duri na 
r -oration, th uo .o ieeks per year at 0.5 opm 

n no power; ress than lcual to 0.1 ppm chloride at 
:Zifowr sta'rtup; ano less than or equal to 0.5 pom 

:ni at7- cold sh utdown. There are no specifications on 
axygn concentration. During normal operation, the oxygen 

concentration is on the order of 0.2 to 0.25 ppm and at 
o shutdown can approach air saturation.  

*.raining a significant hydrogen concentration in a BWR 
c-n oniv be the result of an extensive Zircalloy water 
*ction. A residual hydrogen method will be used to show 
'at oxygen concentrations are less than 0.1 ppm but 

following such an accident, it is highly unlikely that a 
dissolved hydrogen concentration approaching 10 cc/kg 
could be maintained since almost all accident recoveries 
involve depressurization. Consequently, it is anticipated 
:hat the oxygen concentration will be greater than 0.1 
ppm. At a 0.1 ppm concentration, the amount of dissolved 
oxygen in the 70 milliliter holdug cylinder would be 2.2 x 
10 ' moles of oxygen or 4.9 x 10 milliliters (STP). The 
volume of the gas expansion system is on the order of 35 
milliliters. Even if it could be evacuated to 0.1 atmos
pheres (1.5 psia) by the bellows seal pumg the amount of 
resiouai oxygen as air would be 2.8 x 10 moles or more 
than 100 times the amount in the sample. Thus, the 
requirement to analyze for oxygen at concentrations less 
than 100 ppb are beyond the capability of the PASS rela
tive to providing a meaningful sample.
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0 0

e time -or chloride analysis to be Derformed is decen
dent upon two factors: (a) if the plant's coolant water is 
v-avater :r brackish water and (b) if there is only a 
:snqle barrier between primary containment systems and the 
cooling water. Under both of the above conditions the 
*icensee shall provide for a chloride analysis within 24 
hours of the sample being taken. For all other cases, the 
licensee shall provide for the analysis to be completed 
within 4 days. The chloride analysis does not have to be 
done on-site.

Comoliance: (5) Wie have a single barrier between reactor coolant and plant 
cooling water in the RHR heat exchangers, but since 
"brackish water" is undefined, it is unclear as to whether 
we must obtain a chloride analysis within 24 or 96 hours.  
We can provide a scoping analysis for chlorides in-house 
as described in the response to Clarification 2(C). We 
have a contract with Babcock & Wilcox (B&W) of Lynchburg, 
Virginia to perform a number of analyses, including chlo
ride of post-accident samples.  

Clarification: (5) BWR's on sea or brackish water sites, and plants which use 
sea or brackish water in essential heat exchangers (e.g.  
shutdown cooling) that have only single barrier protection 
between the reactor coolant are required to analyze chlo
ride within 24 hours. All other plants have 96 hours to 
perform a chloride analysis. Samples diluted by up to a 
factor of one thousand are acceptable as initial scoping 
analysis for chloride, provided (1) the results are repor
ted as _ ppm Cl (the licensee should establish this 
value; the number in the blank should be no greater than 
10.0 ppm Cl) in the reactor coolant system and (2) that 
dissolved oxygen can be verified at < 0.1 ppm, consistent 
with the guidelines above in Clarification No. (4).  
Additionally, if chloride analysis is performed on a 
diluted sample, an undiluted sample needs also be taken 
and retained for analysis within 30 days, consistent with 
ALARA.  

Response: (5) As was described in Compliance (5), a definition of 
"brackish water" is necessary in order for us to determine 
what analysis time frame is appropriate.  

Chloride analysis of highly radioactive solutions- with 
chloride concentrations in the range of 0.05 to 20 ppm 
cannot be performed in a normal laboratory using conven
tional techniques. We plan to send undiluted, 10 ml 
samples of the primary coolant to an off-site analysis 
facility. In the event of an accident involving extensive 
core damage, we would limit the chloride analysis at the 
site to a scoping analysis of samples of 0.1 ml primary 
coolant diluted to 10 milliliter volume. The turbidime
tric method is the most reasonable method for this purpose 
when handling highly radioactive samples. This method was
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n i.inot ivoe Nboiling the samoie with 
a ro If evolving radioactive iodine gas. Tre 

ium 2ensitivity for this method is on the order of 0.1 
m t otionc to e anal vzed. Since the analysis 

i ne performed on a samole diluted by a factor of 100.  
2h ifitial concentration must be greater than 10 ppm, and 

;ore realisticaily, considering uncertainties in blank 
correction for chloride contamination in the diluent and 
the glassware, greater than 20 ppm. Consequently, the 
scoping procedure is barely capable of analyzing at the 
maximum specified concentration.
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Compliance:

2Ceasian basis for plant equipment for reactor coolant 
ad conainment atmosphere sampling and analysis must 
Sssume that it is possible to obtain and analyze a sample 

w ,ithout radiation exposures to any individual exceedina 
the c'iteria of GDC 19 Appendix A, 10CFR Part 50 (i.e., 5 
'em whole body, 75 rem extremities). (Note that the 
design and operational review criterion was changed from 
the operational limits of 10CFR Part 20 (NUREG-0578) to 
the GDC 19 criterion, October 30, 1979 letter from H. R.  
Denton to all licensees.) 

(6) The PASS was designed to operate after a loss of coolant 
accident with a release of radioactive isotopes as desig
nated by the NRC in NUREG-0737. Using Regulatory Guides 
1.3 and 1.7 as a basis, the dose to personnel operating 
the sample station, not including background or airborne 
radiation, was determined. Results indicate that person
nel collecting samples one hour after an accident will 
receive a dose no greater than 100 MR if they maintain a 
minimum distances of 3 feet from the sampler and sample 
casks and if the samples are obtained and transported 
expediently. After 24 hours, doses due to sampler opera
tion are reduced significantly.  

GE determined expected doses to a sampler operator obtain
ing samples using ISOSHLD, a verified Level II computer 
code. ISOSHLD performs gamma ray shielding calculations 
for isotope sources.  

The radioactive source terms input to ISOSHLD were taken 
from Helmholz, H. R. "Post Accident Sample Station Acti
vity Source Terms", March 1981.. The analyses used the 
CINDER code to calculate the core inventory of fission 
products, assuming a three year irradiation, 100% avail
ability, and the reactor operating at 102% of rated power.  
Specific parameters of power level, volume of drywell and 
wetwell/suppression pool atmospheres, and volume of RPV 
liquid were taken from Peach Bottom, as a conservative 
case. Plant unique doses were obtained by multiplying the 
result by the ratio of the Peach Bottom parameters to the 
plant unique parameters.  

Fractional releases of fission products from the fuel to 
the reactor water/suppression pool and containment atmos
phere are based on *Regulatory Guide 1.3 and 1.7 assump
tions.  

ISOSHLD was set up to determine doses from a source with a 
simple geometric shape, such as, a rectangular box or 
cylindrical disc. Therefore, the liquid and gas sample 
trays had to be modelled as a rectangular slab with a 
volume equal to the maximum volume of the sample tray.  
The stainless steel tubing was modelled as a steel plate

AAA405



-. ) - 4 -, -

1,5 1-ri T ith Thi,,ess eciu aI to Th at of the 

>iolume of the liquid samole tray operating in the 
roe sample or dissolved gas mode has been measured. The 

volume of the gas sample tray has been estimated, conser
.aively, to be the same as the liquid tray. This is 
exoected to be high by a factor of about 2.  

Shielded sample casks were modelled as cylinders. Iodine 
ana particulate cartridaes were expected to be handled in 
the cartridge retainer and were modelled accordingly.  

The liquid source was undiluted RPV liquid which is con
servative because some dilution will likely occur from 
core spray and other ECCS modes. The gas source was 
:ssumed to be a mixture of drywell and wetwell gases.  

number of conservative assumptions such as 100% of noble 
gases in the liquid and in the gas phase, undiluted RPV 
1 iquid, etc., have made the results higher than would be 
realistically expected. In particular, assumed iodine 
release fractions are expected to be over-estimated per
haps by orders of magnitude. In a letter to the NRC*, 
several reputable scientists stated that iodine volatility 
was "grossly over-estimated". They believe that iodine 
will plate out as cesium iodide and will not be available 
for release to either gas or liquid phases. This was 
shown to be true at TMI. In spite of this and other evi
dence which supports this theory, we have based shielding 
and dose calculations on release terms specified by the 
NRC in Regulatory Guides 1.3 and 1.7.  

Under actual accident conditions, personnel are advised to 
be cautious and maintain a distance of 3 feet from the 
samples whenever possible. Some assessment of actual 
conditions can be made based on radiation monitor readings 
and other indicators of potential core damage.  

The result of this analysis indicates that in spite of 
overly conservative assumptions, liquid or gas samples may 
be obtained as soon as one hour after an accident with 
exposures no greater than 100 MR per sample. (This does 
not include exposures due to sample analysis or travel to 
and from the PASS.). This is far below the total dose 
allowed by the NRC in NUREG-0737 which is 3 REM.  

Letter, W. R. Stratton, A. P. Malinauskas, and D. 0. Campbell to Chairman 
Ahearne, US NRC, August 14, 1980.
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o: ; Konsistenlt with Regulatory Guide 1.3 or 1.4 source terms, 
rovide information on the predicted personnel exposures 

:ased on person-motion for sampling, transport and analy
is or all required parameters.  

2esponse: ) Dose calculations have been performed to estimate the 
total dose received by a technician while performing post 
accident sampling and analysis. Using the dose rate 
information provided us by GE and normalizing this data to 
arrive at plant specific data and performing time motion 
studies, we estimate that a technician obtainina and ana
!%zing a containment aas and reactor coolant sample would 
receive about 400 MR.
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Cl ari fication: 

Response:

imary coolant samples for boron is 
:-eauired for PWRs. (Note that Revision 2 of Regulatory 

1.7 specifies the need for primary coolant boron 
analysis capability at BWR plants.) 

(7) Althouah BWR's are not required to provide the capability 
to analyze boron concentrations in reactor coolant, we 
have provided the capability. We will use the HACH Boro 
Ver III Boron Analysis method which utilizes a spectropho
:ometer.  

(7) PWR's need to perform boron analysis. The guidelines for 
BDWR's are to have the capability to perform boron analysis 
but they do not have to do so unless boron was injected.  

(7) Refer to Compliance (7).
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Compliance:

Clarification: (8)

Response:

MO ooni"Iri used 'or mny samnol ing and analvy
Cal CODaoility specified herein, the licensee shall 

_rovi backup sampling through grab samples, and shall 
demonstrate the capability of analyzing the samples.  
Established Planning for analysis at off-site facilities 

i cceotable. Equipment provided for backup sampling 
snail be capable of providing at least one sample per day 
for 7 days following onset of the accident, and at least 
one sample per week until the accident condition no longer 
e2xists.  

(8) in-line monitoring is not used for any sampling and ana
lytical capability specified in NUREG-0737.  

We do not have a shipping cask available for transporting 
post-accident samples to an off-site laboratory for sample 
analysis. A bid from NUPAC has been accepted for the 
construction and shipment of a shipping cask. They esti
mate that they will require 7-10 months for cask construc
tion. Some casks are being evaluated for interim use.  
They include 2 type B casks (DOT 5800 and DOT 6008 casks) 
wnjich would require certification for liquid transport and 
2 GE Vallecitos cask which is also a type B cask. The 
Vallecitos cask needs to be recertified, including leak 
testing and drop testing.

A capability to obtain both diluted and undiluted backup 
samples is required. Provisions to flush in-line monitors 
to facilitate access Tor repair is desirable. If an off
site laboratory is to be relied on for the backup analy
sis, an explanation of the capability to ship and obtain 
analysis for one sample per week thereafter until accident 
condition no longer exists should be provided.

(8) Refer to Compliance (8).
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Compliance:

2 .! scensee' radioogical and chemical sample analysis 
2'aility' shal. include provisions to: 

) Identify and Cuantify/ the isotooes of the nuclide 
categories aiscussed above to levels corresponding to 
the source terms given in Regulatory Guide 1.3 or 1.4 
and 1.7. When necessary and practicable, the ability 
to dilute samples to provide capability for measure
ment and reduction of personnel exposure should be 
provided. Sensitivity of on-site liquid sample ana
lysis capability should be such as to permit measure
ment of nuclide concentration in the range from 
approximately 1p Ci/g to 10 Ci/g.  

(b) Restrict background levels of radiation in the radio
logical and chemical analysis facility from sources 
such that the sample analysis will provide results 
from an acceptably small error (approximately a fac
tor of 2). This can be accomplished through the use 
of sufficient shielding around samples and outside 
sources, and by the use of a ventilation system 
design which will control the presence of airborne 
radioactivity.  

(9) (a) Source terms for design of the PASS were calculated 
on the basis of a 3 year reactor operation at 3293 
MT . The primary coolant activity was calculated us
ing actual plant volumes, the fractional releases of 
activity specified by NUREG-0578 (2) and a one hour 
decay between reactor shutdown and sampling. The 
resulting concentrations were 2.8 curies per gram.  
(By normalizing the data given us by GE we have esti
mated that the resulting coolant concentration at 
Monticello would be 2.0 Ci/cc). It was also shown 
that including 100% of the core inventory of cesium 
in the primary coolant would increase this activity 
by only 25%. A detailed description of the PASS 
activity source terms is given in Appendix A. Coolant 
activities on the order of 1 to 3 curges per gram 
would require dilution factors of 1 x 10 , or larger, 
for gamma ray spectroscopy analysis.  

Under severe accident conditions, the 0.1 milliliter 
of primary coolant diluted to 10.0 milliliter at the 
sample station would be used for the initial sample.  
The sample would be placed in a lead container. A 
syringe would be used to obtain an aliquot for 
further dilution. This process would be required.  
Typical lower level of detection (1LD) valuea for our 
counting system range from 10 to 10 pCi/gm 
depending on the isotope of interest and counting 
geometry. Analyzing down to a concentration of 
1 pCi/gm is no problem. Samples with concentrations 
of6 10 Ci/gm will require a sample dilution of about 
10 .
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5 5S thus Drovides useful samples at coolant 
activity levels ranging from the full accident source 
term to well below the maximum level that can be tol
erated at the normal reactor sample station.  

b) There should be no problem in meeting 'the accuracy 
requirement of a factor of 2 for the major nuclides 
nor in analyzing the range of activities given in 
Regulatory Guide 1.97 (10 pCi/ml to 10 Ci/ml). This 
capability is discussed in Compliance (9) (a). The 
backaround in the count room will not be a limitina 
!actor for measuring the principal gamma emitters 
since air purified by the plant filtration train will 
be supplied to the area and because the two GeLi 
detectors are well shielded. There will be an 
increased uncertainty introduced as a result of suc
cessive sample dilutions, but all things considered.  
the accuracy for analyzing the initial aliquot should 
be within ±30 to 40%.  

Clarification: (9) (a) Provide a discussion of the predicted activity in the 
samples to be taken and the methods of handling/dilu
tion that will be employed to reduce the activity 
sufficiently to perform the required analysis. Dis
cuss the range of radionuclide concentration which 
can be analyzed for, including an assessment of, the 
amount of overlap between post accident and normal 
sampling capabilities.  

(b) State the predicted background radiation levels in 
the counting room, including the contribution from 
samples which are present. Also provide data demon
strating what the background radiation levels and 
radiation effect will be on a sample being counted to 
assure an accuracy within a factor of 2.  

Response: (9) (a) Refer to Compliance (9)(a) and (b). In regards to 
sample dilution a hand-held dose rate meter will be 
used. to determine the number of sample dilutions 
required to control GeLi detector deadtime to less 
than 20%.  

(b) Bechtel Power Corporation prepared a report titled 
Monticello Nuclear Generating Plant Reactor Building 
Design Review for Equipment and Areas Receiving Rad
iation Doses from Post Accident Airborne Activity, in 
September, 1980, in which the count room dose rate at 
one hour after a design basis accident would be less 
than or equal to 100 mR/hr. Post accident samples 
would not be stored in the count room. Background 
radiation levels will not have a significant effect 
on samples being counted. Also, system software 
provides the capability to automatically subtract 
background from the sample analysis.
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IIc,. !n -n rs: 1i' fll ~ adequate to oro
a lertinent data to the operator in order to describe 

-diological and chemical status of the reactor coolant 
E TE asS.  

anc:) 2 rer to Resoonse (10).  

Carification: (10) The recommended ranges for the required accident sample 
analyses are given in Requlatory Guide 1.97, Revision 2.  
Ine necessary accuracy within the recommended ranges are 

s ollows: 

- Gross activity, gamma spectrum: measured to estimate 
core damage, these analyses should be accurate within 
a factor of two across the entire range.  

- Boron: measure to verify shutdown margin.  

In oeneral, this analysis should be accurate within t5% of 
the measured value (i.e. at 6,000 ppm B the tolerance is + 
300 ppm while at 1,000 ppm B the tolerance is ± 50 ppm).  
For concentrations below i,000 ppm the tolerance band 
should remain at ± 50 ppm.  

- Chloride: measured to determine coolant corrosion 
potential.  

For concentrations between 0.5 and 20.0 ppm chloride the 
analysis should be accurate within ± 10% of the measured 
value. At concentrations below 0.5 ppm the tolerance band 
remains at ± 0.05 ppm.  

- Hydrogen or Total Gas: monitored to estimate core 
degradation and corrosion potential of the coolant.  

An accuracy of ± 10% is desirable between 50 and 2000 cc/ 
kg but ± 20% can be acceptable. For concentration below 
50 cc/kg, the tolerance remains at ± 5.0 cc/kg.  

- Oxygen: monitored to assess coolant corrosion 
potential.  

For concentrations between 0.5 and 20.0 ppm oxygen the 
analysis should be accurate within ± 10% of the measured 
value. At concentrations below 0.5 ppm the tolerance band 
remains at ± 0.05 ppm.  

- pH: measured to assess coolant corrosion potential.  

Between a pH of 5 to 9, the reading should be accurate 
within ± 0.3 pH units. For all other ranges, + 0.5 pH 
units is acceptable.



aCe 20 of i0

.emonstrate that the selected procedures and instrumen
o .ion will achieve the above listed accuracies, it is 

necessary to provide information demonstrating their 
::olicaollity in the post accident water chemistry and 
radiation environment. This can be accomplished by per
Forming tests utilizing the standard test matrix provided 
below or by providing evidence that the selected procedure 
or instrument has been used successfully in a similar 
environment.  

Nominal 
Constituient Concentration (ppm) Added as (Chemical Salt) 

1- 40 Potassium Iodide 
Cs+ 250 Cesium Nitrate 
Ba+2 10 Barium Nitrate 

+2 Lanthanum Chloride 
Ce 4 .5 Ammonium Cerium Nitrate 

Ci- 10 
B 2000 Boric Acid 
-i+ 2 Lithium Hydroxide 
NO 150 
NJH- 5 

204 
Gamma Radiation 10 Rad/gm of Absorbed Dose 
(Induced Field) Reactor Coolant 

NOTES: 

1) Instrumentation and procedures which are applicable to diluted samples 
only, should be tested with an equally diluted chemical test matrix. The 
induced radiation environment should be adjusted commensurate with the 
weight of actual reactor coolant in the sample being tested.  

2) For PWRs, procedures which may be affected by spray additive chemicals 
must be tested in both the standard test matrix plus appropriate spray 
additives. Both procedures (with and without spray additives) are requir
ed to be available.  

3) For BWRs, if procedures are verified with boron in the test matrix, they 
do not have to be tested without boron.  

4) In lieu of conducting tests utilizing the standard test matrix for instru
ments and procedures, provide evidence that the selected instrument or 
procedure has been used successfully in a similar environment.  

All equipment and procedures which are used for post accident sampling and 
analysis should be calibrated or tested at a frequency which will ensure, to a 
high degree of reliability, that it will be available if required. Operators 
should receive initial and refresher training in post accident sampling, analy
sis and transport. A minimum frequency for the above efforts is considered to 
be every six months if indicated by testing. These provisions should be sub
mitted in revised Technical Specifications in accordance with Enclosure 1 of 
NUREG-0737. The staff will provide model Technical Specifications at a later 
date.
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Donaix summarizes the 2RC analysis requirements.  
-nerai., the requirement for accuracies on the order oF % 

o or elemental analysis in the ppm range are unrea
sic and are difficult to achieve even under the best of 

conditions. Uncertainties on the order of 5% to 10% are 
more in keeping with the precision for repetitive analysis 
of a single sample. If the volumetric errors in the small 
-olume sampling", dilution, and equipment calibration are 
included. the overall analytical accuracies are more 
reasonably 10% to 20%. In addition, a requirement to 
analyze to zero concentration is a poorly defined limit 
and immediately raises the issue as to how sensitive an 
analysis procedure must be used. The need for lower limits 
other than zero becomes more acute when sample volumes are 
very restrictive or samples are diluted to reduce exposure.  
The error bands given in the clarification letter appear 
to be reasonable analysis limits; i.e., the boron analy
sis should be capable of detecting 50 ppm and the hydrogen 
metnod 5 cc/kg, etc.  

Boron Analysis: 

According to the GE paper, Susquehanna 1 Standby Liquid 
Control System, GEK-73607, February 1979, 660 ppm boron in 
the primary coolant is sufficient to shut down the 
reactor; however, a factor of 1.25 is. applied to this 
concentration to provide a margin for plateout, leakage, imperfect mixing, etc. In addition, an additional factor 
of 1.3 is applied to account for possible dilution by 
operation of the RHR system in the shutdown cooling mode.  
These specifications correspond to a maximum reactor boron 
concentration of slightly less than 1100 ppm. It-also has 
been stated that there is practically no effect on reactor 
operation below 50 ppm boron concentration. It is there
fore reasonable to bound the BWR boron analysis require
ments between 1000 and 50 ppm. This upper limit is signi
ficantly lower than the 6000 ppm given in Appendix B while 
the 50 ppm is in accord with accuracy requirement at the 
lower concentration.  

* Tests of the small volume samples (0.10 ml diluted to 10 ml) on the 
General Electric prototype PASS gave a sample and dilution precision of ± 
5% with a positive 6% bias in the 0.10 ml aliquot (i.e., 0.106 ± 0.005 
milliliters).
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7. s. he en'2c~ents and standards zre 
ll antities and-i a-2 convenientiV oack,

. 7 s 7 sta that the ccwoete analysis, inclu
Seagent preparation. could be performed in 30 to 40 

uts. The method is aoplicable over the range of 0 to 
- ; om boron. Assuming the sample is taken from the 0.1 

,7iiter cociant diluted to 10 milliliter dilution, the 
Doron concentration would be between 0-11 ppm. Because of 
uncertainties in reagent blanks and the possibility of 
leacning boron from the samole bOttles, it is probably 
imoractical to consider analyzing below 0.1 ppm boron in 

diluted sample. This, however, is equivalent to a 
factor of 5 below the 50 ppm reactor coolant concentration 
required to produce a noticeable reactor effect.  

none of the chemical soecies listed in the NRC Criterion 
0) m.atrix are expected to interfere with the carminic 

nd acid procedure. Ammonium, molybdenum, cerium, germa
umn, chlorie, suifate, magnesium, sodium, and potassium 

not interfere with this method although silica and 
pnospnate may interfere when present in concentrations 
.reater tian 25 ppm while fluoride causes negative inter
farence due to the formation of fluoroborate ion. These 

conditions are 'not expected to occur, however, in the BWR 
Primary system.  

Chloride Analysis: 

Refer to Response (5). A chloride analysis is subject to 
interference in terms of the element matrix listed in the 
NRC clarification. On an. atom for atom basis, 40 ppm 
iodide is chemically equivalent to 11 ppm chloride and 
will interfere in turbidimetric methods by the formation 
of silver iodide. The turbidimetric method uses the 0.1 
milliliter of primary coolant diluted to 10.0 milliliters 
(small volume liquid sample). Results of irradiation 
tests performed by General Electric on the turbi imetric 
procedure lead to the conclusion that at 8 x 10 Rads/h 
the formation of hydrogen peroxide and resultant silver 
peroxide precipitation was equivalent to 2 ppm chloride in 
the 0.1 ml primary coolant sample. This is insignificant 
relative to the sensitivity of the method.  

pH Analysis: 

We are presently using pH indicator paper for estimation 
of pH. This method, however, does not meet the accuracy 
requirements listed in Appendix B and cannot be used at 
the required source term radiation levels due to total 
destruction of the'indicator dye. The possible use of a 
micro pH probe was considered but subsequent testing 
showed this probe to be unsatisfactory even without

AAA405



* nd .tas dopped from further consideration.  
% sd tpical combination pH electrode (Fisher 
e - a found the electrode performeo satis

:gmma lu evel s up to 1.3 x 10' R/h in both 
u e ana unbuffered solutions at pH 4.0, 7.0, and 

. eadinos in the buffered and unbuffered acidic 
lutions wkere stable over irradiation periods up to an 

:our. The unbuffered basic solution showed a decrease of 
_aloroximatelv 0.1 pH units per minute during a 5 minute 

pest period. This type of electrode will meet the 
.ccuracy and stability requirements; however, the volume 

sample required makes it impractical on the basis of 
personnel radiation exposure at the design basis source 
terms. A smaller combination electrode which would use 
0.1 to 0.3 milliliters of solution was suggested, but has 
not yet been evaluated.  

Dissolved Hydrocen or Total Gas Analysis: 

At resent, because of problems with measuring dissolved 
oxygen, and for the same reason dissolved nitrogen, the 

iS- is limited to measuring dissolved hydrogen at low 
total gas concentrations. There should be no problem in 
measuring dissolved hydrogen down to 5 cc/kg. This is 
:-Iuivalent to 0.35 milliliter STP of hydrogen in the 70 
milliliter liquid collection cylinder. If the solution is 
:ixed with .. 0 millliliters of krypton, the hydrogen is a 
seven percent component. If the total gas expansion 
volume was initially evacuated to only 0.3 atmospheres, 
_he resultant gas mixture would still be 2% hydrogen which 
is readily measurable by gas chromatography using argon 
carrier.  

Dissolved Oxygen Analysis: 

H. R. Helmholz of NWT Corporation calculated that at 0.1 
ppm oxygen, the 70 milliliter volume of_5oolant in the 
PASS holdup cylinder would contain 5 x 10 milliliter of 
oxygen at STP. If the sample were to be diluted with 5 
milliliters of krypton, it would contain approximately 
0.1% oxygen. In principle this can be analyzed with the 
required accuracy by gas chromatography by optimizing the 
procedure for the analysis of oxygen. A method of purging 
the gas expansion volume and vial with an inert gas.prior 
to sampling is being evaluated to eliminate a large oxygen 
blank resulting from the inability to pump out the gas 
expansion volume to a good vacuum. Refer also to Response 
(4) for additional details.  

Gross Activity Gamma Spectra: 

Refer to Compliance (9)(a) and (b).
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Comol iance:

Sn 

- n h post accident sampling and analysis 
i onsirtion should be given to the follolvina 

ov isons or rurg rig samole lines, for reducina 
zaeout in sampole lines, for minimizing sample loss 

or distortion, for preventing blockage of sample 
lines by loose material in the RCS or containment, 
for appropriate disposal of the samples, and for flow 
-estrictions to limit reactor coolant loss from a 
roture of the sample line. The post accident reac
,or coolant and containment atmosphere samples should 
ce representative of the reactor coolant in the core 
area and the containment atmosphere following a 
transient or accident. The sample lines should be as 
short as possible to minimize the volume of fluid to 
be taken from containment. The residues of sample 
o lction should be returned to containment or to a 

cIosed system.  

b) The ventilation exhaust from the sampling station 
should be filtered with charcoal absorbers and high
efficiency particulate air (HEPA) filters.  

(11) (a) The PASS is designed to obtain representative liquid 
and gas samples from within the primary containment 
for radiological analysis is association with the 
possible event of a loss-of-coolant accident (LOCA).  
The basic system consists of a liquid and gas sample 
station located outside the secondary containment 
(reactor building). The system is designed to mini
mize exposure by minimizing the required sample sizes, 
to optimize the weight of shielded sample containers 
in order to facilitate movement through potentially 
high level radiation areas, and to provide adequate 
shielding at the sample station and in the labora
tory. The system is also designed to provide useful 
samples under all conditions ranging from normal 
shutdown and power operation to full LOCA.  

Provision has been made to obtain gas samples from 
both the drywell and suppression pool atmospheres and 
from the secondary containment (reactor building) 
atmosphere. The sample system is designed to operate 
at pressures ranging from sub-atmospheric to the 

* design pressures of the primary containment one hour 
after a loss-of-coolant accident. Heat traced sample 
lines are used to prevent precipitation of moisture 
and resultant loss of iodine in the sample lines.  
Gas samples pass through a particulate filter and 
silver zeolite cartridge for determination of parti
culate activity and total iodine activity by subse
quent counting of the samples on a gamma spectro-
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7. 7tm. M ernately. the sample flow bypasses 
xa iodine :ampler, is chilled to remove moisture.  

n u mill citer qrab sample can be taken for 
etermination of gaseous activity and for gas comDo
siton by gas chromatoqraohy.  

sample line is provided to obtain reactor coolant 
samples from two points in the jet pump pressure 
instrument system when the reactor is at pressure.  
Tins sample location is recommended over the normal 
eactor sample Points as the reactor cleanup system 

is expected to be isolated under accident conditions, 
and it is possible that the recirculation line 
containing the normal reactor water sample lines may 
be secured. The jet pump pressure system has been 
determined to be an optimum sample point for accident 
conditions. The pressure taps are well protected 
rom camaqe and debris. If the recirculation pumps 

are secured; there is normally excellent circulation 
of the bulk of the coolant past these taps, and the 
pressure taps are located sufficiently low to permit 
samoling at a reactor water level even below the 
lower core support plate.  

A single sample line is also connected to both loops 
in the RHR system. This provides a means of obtain
ing a reactor coolant sample when the reactor is 
depressurized and at least one of the RHR loops is 
operated in the shutdown cooling mode. Similarly, a 
suppression pool liquid sample can be obtained from 
the RHR loop lined up in the suppression pool cooling 
mode.  

The sample system is designed for a purge flow of 1 
gpm, which is sufficient to maintain turbulent flow 
in the sample line. The high flush flow also serves 
to alleviate cross-contamination of the samples when 
switching from one sample point to another.  

At this time no provisions have been made for pre
venting blockage of sample lines by loose material 
in the rector coolant or drywell atmosphere. Although 
we have not had any problems with sample lines becom
ing plugged, provisions for averting such an occur
rence are being evaluated.  

Sample line lengths were kept as short as possible.  
A procedure is being developed to test the represen
tativeness of samples obtained at the PASS by compar
ing to samples obtained at the normal reactor sample 
points.
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.i':orus atmosohere samples are returned to 
me caus~. zccndary containment samples are returned 

a acondary containment and liquid samples 7re 
"tCurned to the suction side of the RHR pumps.  

) iqh-efficiency particulate air (HEPA) filtration 
ystem is dedicated to the PASS.

A description of the provisions which address each of 
the items in Clarification (11)(a) should be provid
ed. Such items, as heat tracing and purge velocities 
should be addressed. To demonstrate that samples are 
representative of core conditions a discussion of 
mixing, both short and long term, is needed. If a 
given sample location can be rendered inaccurate due 
to the accident (i.e. sampling from a hot or cold leg 
loop which may have a steam or gas pocket) describe 
the backuo samoling capabilities or address the maxi
mum time that this condition can exist.

BWR s should specifically address samples which 
taken from the core shroud area and demonstrate 
they are representative of core conditions.

are 
how

assive flow restrictors in the sample lines may be 
replaced by redundant, environmentally qualified, 
remotely operated isolation valves to limit potential 
leakage from sampling lines. The automatic contain
ment isolation valves should close on containment 
isolation or safety injection signals.  

(b) A dedicated sample station filtration system is not 
required, provided a positive exhaust exists which is 
subsequently routed through charcoal absorbers and 
HEPA filters.  

(11) (a) Refer to Compliance (11)(a). All gas sample lines 
isolate on an isolation signal received at the 
control room. The RHR and jet pump sample lines have 
passive flow restrictors with an additional non
safety related solenoid valve located downstream on 
each line.

(b) Refer to Compliance (11)(b).
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CJRE INVENTORY OF NOBLE GASES 
CINDER 8/18/80 
0.5% CONTRIBUTION) 
LO&-CURIES PER N'Vit

SHUTD0 .N .0 HR 8..0 HR

1.36hI 

8 h 

4.4-8h 
76. m 
2.80h 
3. 16m 

1.34s 
1.27s 

0.5 s

Kr-87 
Kr-88 
Kr-89 
Kr-90 

r- 91 

Kr-92 

.r-93

TOTAL KRYPTON

0.30 
6.3 

12.92 
18.30 
22.76 
22. 90 
17.19 
8.73 
3.39 
1.23 
0.13 

117.72

3.03 
0.30 
5.84 
7.56 

14.30

0.88 
0.30 
1.98 
0.16 
2.53

0.01 
0.30 
0.17 

0.05

31.03 5.85 0.53

11. 99d 
5. 29d 
2. 23d 
0.29s 
9. 17h 

15.3 m 
3. 84m 

14.2 m 
39.7 s 
13.6 s 
1.72s 
1.22s 
0.30s 

1. s

Xe131M 
Xe-133 
Xe-133M 
Xe- 134M 
Xe-135 
Xe-135M 
Xe-137 
Xe-138 
Xe-139 
Xe-140 
Xe- 141 
Xe-142 
Xe- 143 
Xe- 144

TOTAL XENON

0.16 
55.28 
2.30 
0.40 
7.15 

10.42 
48.52 
46.10 
36.24 
24.04 
8.76 
3.30 
0.59 
0.12

0.16 
55.27 
2.30 

10.29 
7.32 

2.47

243.38 77.81
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.24 0

0.16 
55.05 
2.27 

19.30 
3.43

80.00

0.16 
53.33 
2.09 

12.22 
0.64 

68.44

24 

0



4. ,

'E IVENTORY OF ALL ALKALI METALS 
7I'DER 8/18/SO 

> .5% CONTRIBUTION) 
I.LO-CURIES PER M\*It

SHUTDOWN 1.0 HR 8~ 0 HRP

2.7 m 
4. 28m 

58.5 s 
4.513s 
5.8 2 

0. 36s 
0.21s 
0.17's

Rb-388 
Rb-89 
Rb-90 
Rb-90M 
Rb-91 
Rb-92 
R b -93 
Rb-94 
Rb-95 
Rb-96 
Rb-97

TOTAL RUBIDIUM

2. 06y 
2. 90h 

13.0 d 
30.1 y 
32.2 m 
2.9 m 
9.3 m 

63.8 s 
25.0 s 
1.7 s 
1.7 s 
1.02s 
0.56s 
0.19s

1.8. 59 
24.22 
23.16 
6.40 

29.70 
25. 96 

10. 38 
5.09 

0. 23

9.05 
15. 80 
1.96

165.50 17.81 2.88

Cs-134 
Cs-134M 
Cs- 136 
Cs- 137 
Cs-138 
Cs-138M 
Cs-139 
Cs-140 
Cs-141 
Cs-142 
Cs-143 
Cs-144 
Cs-145 
Cs-146

TOTAL CESIUM

5. 36 
0.98 
1.18 
3.32 

48.64 
2.32 

47.90 
43.25 
31.89 
19.77 
10.01 
3.06 
0.81 
0.13

218.62

5.36 
0.77 
1.18 
3.32 

21.43 

0.58 

32. 64
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0.05 
2.83

0.045 
0.053 

0.098 

5.35 

1.12 
3.32

5.35 
0.15 
1.16 
3.32 

9.98 9.79

1 . . .R3 0 HR2



: 'FM TORY OF HALOGENS 
IDE R l/ 18 
3 CONTRIBUTION) 

LRIES PER MWt 

SHUTDOWN 1.0 HR 3.0 HR

31.8 m 
6.0 m 
2.87m 

-1 c 

0.6 s 
0.3 s

Br-3 
Br-84 
Br-84M 
Br-85 

Br88 

B1 
Br-92

TOTAL BROMINES

12.4 h 
8.9 m 
8. 04d 
2. 29h 

20.8 h 
9. s 

52.6 m 
3.6 m 
6.56h 

85. s 
46. s 
24.6 s 
6.5 s 
2.4 s 
0.86s 
0.4 s

1-130 O 
I-130M 

I-131 
1-132 
1-133 
I-133M 
1-134 
I-134M 
1-135 
1-136 
I-136M 
1-137 
1-138 
1-139 
1-140 
1-141

TOTAL IODINES

025 

3.12.  

5.54 
0.20 
6.64 
d. 70 

11.22 
12.07 

r, A.  

1.82 
0. 20

65. 04

1.05 
0.77 

26.31 
38.45 
55.02 
1.59 

60.56 
5.61 

51.95 
25.05 
14.31 
24.87 
12.69 
5.88 
1.80 
0.32

2.49 
1.67

4.41 

1.00 

26.28 
38.27 
54.00 

42.52 

46.77

326.23 208.84
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0

24.0

0.21.  

0.33 

0.54 

0.67 

25.74 
36. 33 
43. 12 

0.37 

22. 38

128.61

0.16

0.16 

0.28 

24.45 
31.56 
25.30 

4.15 

85. 74

29 ~ 30



- ,, A

eg. Guide 1.9 7 , Rev. 2 
Recuirements (11)

NRC Clarification Letter 
Range and Accuracy

Chloride 

pH

Dissolved H
or orai Gas 

Dissolved 0 

Radionuclide 
Analysis

So 1000 pom 

0 to 20 ppm 

1 o 13

0 to 2000 cc/kg 

0 to 20 ppm 

10 pCi/ml to 10 Ci/ml

6000 ppm t 300 ppm* 
1000 ppm t 50 ppm 
< 1000 ppm ± 50 ppm 

0.5 to 20 ppm ± 10% 
< 0.5 ± 0.05 ppm 

5 to 9, ± 0.3 pH 
< 5 and > 9, + 0.5 pH 

50 to 2000 cc/kg ± 10% 
< 50 cc/kg ± 5.0 cc/kg 

0.5 to 20.0 ppm ± 10% 
< 0.5 ppm ± 0.05 ppm 

Accurate within a factor 
of 2 over the Reg. Guide 
1.97 range.

* The upper limit on concentration is so much higher than the Regulatory 
Guide 1.97 requirement that it is suspected that the concentration is in 
terms of ppm boric acid (H3BO3) and not ppm boron. Boric acid is 17.5% 
boron and 17.5% of 6000 corresponds to 1050 ppm. This hypothesis should 
be clarified and if true, will reduce the accuracy range by a factor 6, 
i.e., 1000 ppm ± 50 ppm.
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