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1.0 SUMMARY 

The Type B and C Local Leak Rate Test (LLRT) of the Duane 

Arnold Energy Center Unit No. 1 Containment was completed on 

May 11, 1977. The testing program was conducted in accordance 

with the requirements of DAEC Technical Specifications.  

Nuclear Services Corporation assisted in preparation of the 

test procedures and the conduct of the individual tests. The 

method of testing involved the measurement of makeup air or 

nitrogen through calibrated flow meters for all penetrations 

except for the inboard main steam isolation valves (MSIV).  

Outflow leakages were measured for the inboard MSIV's and 

corrected for unmonitored losses. Leakage was measured at 

design basis accident pressure of 54 psig, except for the 

MSIV's at 24 psig as specified in the DAEC Technical Specifications.  

A bubbler was used to verify results in cases where flow 

meters indicated zero leakage. In cases where the test volume 

were filled with water and air was used to pressurize the 

water, .makeup flows were measured and correction applied to 

obtain equivalent air leakage. All excessive leakages were 

corrected by valve repairs and penetrations retested satisfactorily.  

The total leakage or Type B and Type C tests was 50467 

SCCM and equal to 23% of the total allowable leakage of 220,609 

SCCM equal to 60% of LA* 
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2.0 PERIODIC LOCAL LEAK RATE TEST CRITERIA 

2.1 REFERENCES 

2.1.1 Title 10 CFR 50 Appendix J.  

2.1.2 Duane Arnold Technical Specification, Section TS 4.7, Plant 

Containment Systems.  

2.1.3 ANSI N45.4-1972 Leakage-Rate Testing of Containment Structures 

for Nuclear Reactors.  

2.1.4 Manufacturer's Standardization Society, Standard Practice 

Edition 1961 (MSS-SP-61).  

2.2 DEFINITIONS 

2.2.1 "Leakage Rate." Reactor Containment Leakage stated in percentage 
6 

of weight of 1.00 x 10 cu-ft of containment air at 54 psig in 

a 24 hour period.  

2.2.2 CLR (SCC/min). The combined leakage rate for all components 

subject to Type B and C penetration tests. CLR shall not 

exceed 60% of LA.  

2.2.3 LA (SCC/min). The maximum allowable leakage rate at pressure 

PLLRT' 

2.2.4 PLLRT (54 psig = 68.7 psia). The absolute pressure used for 

local leakage rate testing.  

2.2.5 P STP (14.7 psia). The absolute pressure at standard conditions.  

2.2.6 TSTP (5300 R). The absolute temperature at standard conditions.

2
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2.2.7 TLLRT (800 F. = 540 0 R). The absolute temperature used for 

local leak rate testing.  

2.2.8 LLR (SCC/min). The local leak rate.  

2.2.9 V (Cu. ft). Containment free volume 
c 

2.3 ACCEPTANCE CRITERIA 

For successful completion of the local leak rate test, the 

following acceptance criteria as defined in Technical Speci

fication (Section 4.7A.2C (2) and 10 CFR 50, Appendix J, 

Section III shall be satisfied.  

2.3.1 The combined leakage rate (CLR) for all components subject to 

Type B and C penetration tests shall not exceed 60% of the 

maximum allowable leakage rate (LA) for the containment. The 

CLR is calculated as follows: 

CLR = (V C)(60%)(LA) (LLRT )(TSTP) 

(PSTP (TLLRT) 

Where Vc = Drywell Free volume + Pressure suppression chamber 

free volume 

= 109.40 x 103 + 94.27 x 103 cu. ft.  

60% = Combined leakage fraction of all components subject 

to Type B and C tests.  

L = The maximum allowable leakage rate at pressure PA (2.0% 

per day at 54 psig).  

PLLR = Absolute pressure used for local leakage rate testing 

(54 psig = 68.7 psia).  

STP = Absolute pressure at standard conditions (14.7 psia).  

TSTP = Absolute temperature at standard conditions (530 0 R).
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TLLRT = Absolute temperature used for local leak rate testing 

(8o0 F. = 540 0R).  

CLR = (203.67 x 10 3ft3)(0.60)(0.02/day)(68.7 psia)(530 R)(19.679 - t) 

(14.7 psia)(5400 R) 

= 220,609 SCCM 

2.3.2 ALLOWED LOCAL LEAKAGE RATE .PER PENETRATION 

Since the containment isolation valves were procured in 

accordance with the manufacturer's standardization society, 

Standard Practice Edition 1961 (MSS-SP-61), which specifies 

a maximum permissible leakage rate of less than 0.1 SCFH (50 

cc/min) per inch of nominal diameter as manufactured, this 

specification is used as the basis for calculating the allowed 

leakage rate for each containment isolation valve.  

2.3.3 ALLOWED LOCAL LEAK RATE FOR MAIN STEAM ISOLATION VALVE (MSIV) 

Allowed leakage from any one main steam isolation valve shall 

not exceed 11.5 SCF/hr (5427 SCCM) at an initial pressure of 

24 psig.  

2.3.4 Leakage rates for equipment hatch and airlock doors are 

arbitrarily assigned Icc/min/Iineal inch of resilient seal.  

2.3.5 Leakage rate for. hot pipe and electrical penetrations are 

assigned 0 cc/min.

4



DESIGN INFORMATION 

CONTAINMENT SYSTEM 

Allowable Leakage Rate 

Codes and Standards

Drywell Free Volume 

Pressure Suppression Free 

Volume 

LOCAL LEAKAGE TESTING UNIT

2%/day @ 54 psig and 70aF.  

IEEE proposed guides for 

electrical penetration 

ANS 45.4 proposed standard 

for leak testing

109.40 x 103 ft3 

94.27 x 10 ft

Two local leakage rate testing units were used. These 

portable units are constructed of 3/8" stainless steel piping 

and fitted with a pressure regulator, pressure gage, two flow 

instruments, a bubbler and ball-valves. In use, the unit is 

supplied with either dry instrument air or nitrogen and 

connected to the volume to be tested. Leakage rates are 

determined by measuring the amount of makeup air required to 

maintain the test pressure. The leakage is read directly in 

cc/min which is converted to scc/min by using the calibration 

curve for the flowmeter.  

TESTING UNIT COMPONENTS

3.2.2.1 Back Pressure Regulator; provides 54 or 24 psig test pressure 

to the local test volume.  

5
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3.2.2.2 0-100 psia pressure gage; monitors the back pressure regulator 

operation and the test volume pressure.  

3.2.2.3 Rotameter; two of three flowmeters are mounted to the testing 

unit to measure makeup air to the test volume. The ranges 

of the meters are from 0-250 cc/min, 0-2100 cc/min. and 0-5200 

cc/min. Meters were calibrated to compensate for test volume 

pressures. A conversion chart was used to correct the reading 

for the test pressure and normalize the reading to SCCM.  

3.2.2.4 Bubbler; verifies low leakage rates from the test volume.  

Each bubble displaces approximately 0.2 cc of air.  

3.2.2.5 Air Filter; insures a clean source of air to the test volume.  

3.2.2.6 Flowmeter; two meters to measure outflow of air leaking through 

the seat of the main steam isolation valve.

3.3. INSTRUMENT CALIBRATION AND ACCURACY

The local leak rate testing 

ment of test volume leakage 

Instruments were calibrated 

prior to the conduct of the

unit is designed to provide measure

at a high level of accuracy.  

and checked for accuracy immediately 

tests.

3.3.1.1 PRESSURE GAGES

Instrument Nos.  

Manufacturer 

Model 

Range

P-131 and P-130 

Heise 

CMM 

0-100 psia

6
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3.3.1.2 FLOW INDICATORS 

Instrument No.  

Manufacturer 

Model 

Calibration; 

SCCM 

PSIG 

Temperature 

Accuracy (full 
scale) 

Instrument No.  

Manufacturer 

Model 

Calibration: 

SCCM 

PSIG 

Temperature 

Accuracy (full 
scale) 

Instrument No.  

Manufacturer 

Model 

Calibration: 

SCCM 

PSIG 

Temperature 

Accuracy (full 
scale)

P-135 

Brooks 

7212-41123/1 

500 - 5200 

24 - 54 

700F.  

+ 1%

P-133 
Brooks 

7212-41122/2 

200 - 2100 

24 and 54 

700F.  

- 1%

P-139 
Brooks 

7301-41381/1 

20 - 200 

54 

70-F.  

+ 1%~ 

7

P-134 

Brooks 

7212-41122/1 

200-2100 

24 and 54 

700F.  

+ 1% 

P-138 

Brooks 

7301-41381/2 

20 - 200 

54 

700F.  

+ 1%
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Instrument No. A B 

Manufacturer Fischer & Porter Fischer & Porter 

Model 10A1460 10A1460 

Calibration: 

MM 1 - 26 1 - 26 

PSIG 14.7 54 

Temperature 700F. 700 F.  

Accuracy (full + 1.% + 1% 
scale) 

3.4 TEST MEDIUM 

3.4.1 Type B tests were performed using dry instrument air for 

testable gaskets and flange "O"1 rings. Dry nitrogen was used 

to test expansion bellows and electrical penetrations.  

3.4.2 Type C tests were performed using dry instrument air and with 

dry instrument air in combination with water (known as Type "H" 

tests). Measured leakage rate obtained by using water as a 

test fluid are in terms of equivalent air leakage.  

3.4.3 The Manufacturer's Standardization Society, Standard Practice 

Edition 1961 (MSS-SP61) provides the relationship that 10 cc 

per hour per inch of diameter water leakage equals to 0.1 SCF 

per hour per inch of diameter air leakage. Accordingly, when 

air is used to pressurize the water to 54 psig and the volume 

of air required to replace the leaked water is measured.  

I SCCM of measured air = 60.5 SCCM or equivalent air 

leakage 

3.5 PROCEDURES 

3.5.1 Leak Test Unit Procedure - Detailed written procedure was used 

for the operation of the local leak test equipment. This
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procedure was approved for use by Iowa Electric Light and Power 

Company and reviewed by Iowa Light and Power Company, Nuclear 

Regulatory Commission - Region Ill, and Nuclear Services 

Corporation prior to its implementation.  

3.5.2 Leak Rate Test - Type B penetrations test and containment 

isolation valve leak tightness test - Type C penetrations test 

procedures were prepared by Nuclear Services Corporation and 

approved by the Duane Arnold Operations Committee. These pro

cedures provide the proper authorization for the test crew to 

perform the test, details of the pretest valve lineup, details 

of the individual tests, and the post-test valve lineup 

returning the system to normal on completion of the test.  

In general, the procedure provides for valve lineups, isolation 

of the test volume, opening vents or drains necessary to obtain 

maximum differential across the valve seats and measuring 

the leakage rate.  

3.5.3 Local Leak Rate Test - LLRT of MSIV Leakage Control System 

bleed valves was prepared on site to demonstrate the leak 

tight integrity of the leak control system motor operated 

bleed valves. This test was coordinated with the Type C 

test to facilitate ease of determining leakage rate of valves 

using the test set up for the main steam isolation valve seat 

leak rate tests.  

9
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4.0 CONDUCT OF TEST PROGRAM

4.1 REACTOR CONTAINMENT LOCAL TEST SURVEILLANCE REQUIREMENTS 

4.1.1 The retest scheduled for Local tests will be in accordance with 

Technical Specification TS4.7.A.2.d.  

4.1.2 Inspection and reporting of Local tests will be in accordance 

with Technical Specification TS4.7.A.2.f.  

4.1.3 Type B and C tests of the penetrations (Table TS.3.7.2 of the 

Technical Specification) shall be performed at a pressure of 

54 psig (Pa) in accordance with TS4.7.A.2.c.  

4.1.4 Type B and C tests shall be performed by local pressurization.  

The pressure shall be applied in the same direction as that 

when the valve would be required to perform its safety function 

unless testing in the opposite direction would provide the 

equivalent or more conservative results.  

4.1.5 Each valve to be tested shall be closed by normal operation 

and without any preliminary exercising or adjustments.  

4.1.6 Any major modification or replacement of a component of the 

containment boundary will be followed by either an ILRT or 

Local Leak Test, as applicable for the area affected by the 

modification.  

4.2 PREREQUISITES FOR THE TEST PROGRAM 

4.2.1 Local Leak Test instruments recently calibrated and checked 

out for proper operation. See Appendix D.

10



4.2.2 All written procedures were reviewed and approved by the 

Duane Arnold Operations Committee.  

4.2.3 All test personnel were properly trained and qualified to 

perform their specific functions. See Appendix E.  

4.2.4 Radiation protection instruction was provided to all test 

personnel.  

4.2.5 Test personnel reviewed each procedure prior to testing.  

4.2.6 Radiation protection personnel were alerted for each test.  

4.3 ORGANIZATION AND ADMINISTRATIVE CONTROLS DURING TESTING 

4.3.1 Maintenance Superintendent scheduled specific tests with Shift 

Supervisor and alerted Radiation Protection.  

4.3.2 The Shift Supervisor reviewed procedures and released the line 

for testing.  

4.3.3 The Test Leadman coordinated the efforts of the test crew as 

directed by the Maintenance Superintendent.  

4.3.4 The test crew performed checkout of Local Leak Tester 

instrumentation to assure its performance during test 

conditions.  

4.3.5 The test crew conducted the test using the detailed procedure, 

communicating with the operating crew as necessary for valve 

lineup.  

- 11.
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The Leak Test unit was connected to the test connection.

4.3.7 The vent or drain as appropriate was connected to tubing 

directed to a floor drain.  

4.3.8 The test volume was pressurized and the leakage measured on 

the first isolation valve.  

4.3.9 The control room was contacted for necessary valve operations 

and the leakage measured on the second isolation valve.  

4.3.10 Vent and drains were closed and drain hoses removed and test 

unit disconnected.  

4.3.11 The Shift Supervisor was notified that the test was complete 

by returning the partially completed procedure to him for 

completion of post test valve lineup.  

4.3.12 If leakage was excessive, the leak was measured on a high 

range meter and an attempt to identify the location was made 

(seat, bonnet, gasket, packing).  

4.3.13 The incomplete procedure was directed to the Maintenance 

Superintendent who issued a work request for repairs.  

4.3.14 When repairs were complete the penetration was scheduled for 

retesting.  

4.3.15 The completed procedures were returned by the Shift Super

visor to the Maintenance Superintendent for review and 

documentation.

12
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4.4 PRETEST SAFETY PRECAUTIONS 
0 

4.4.1 The test was conducted using normal plant safety practices.  

4.4.2 Radiation protection instruction was provided to all test 

personnel.  

4.4.3 Test personnel reviewed each procedure for personal and plant 

safety prior to testing.  

4.4.4 Dry instrument air, reactor grade water and dry nitrogen was 

checked out prior to testing.  

4.5 LOCAL LEAK RATE TESTING 

4.5.1 SCHEDULE 

4.5.1.1 Type C local leak rate testing commenced by pressurizing the 

inboard main steam isolation valves on March 13, 1977 in accor

dance with the approved containment isolation valve leak test 

procedure. Testing of the outboard valves began on March 14, 1977.  

4.5.1.2 The local leak rate test of MSIV leakage control system bleed 

valves commenced on March 17, 1977.  

4.5.1.3 Type B local leak rate testing commenced on penetrations with 

flanged "0" Rings on April 2, 1977.  

4.5.1.4 Retest of penetrations selected for repair as a result of the 

leak rate testing were accomplished immediately after repair on 

a priority basis.  

13



4.5.1.5 Six Type B penetrations with testable gaskets were performed 

by Iowa Electric Light and Power Company personnel between 

May 9 and 11, 1977. These tests were scheduled to be 

performed during the final phase of the refueling outage.  

4.5.1.6 One Type C retest was performed by Iowa Electric Light 

and Power Company personnel. This was on the HPCI condensate 

return isolation valves (Penetration Ii).  

4.6 PROBLEMS ENCOUNTERED 

4.6.1 MAIN STEAM ISOLATION VALVES (MSIV) 

The test procedure for the inboard MSIVs specified pressurizing 

the reactor side with compressed air to 24 psig. Outflow leakage 

from the inboard valve was then monitored. A test flow meter 

(calibrated to atmospheric pressure) was connected, through 

approximately 50 feet of 3/8 inch tygon hose, to the drain of 

outboard MSIV. The MSIV leak control system bleed line is 

additionally connected at a tee at this point. The measured 

maximum outflow leakage for any one MSIV at the meter was 1/3 

of the allowable leakage of 5427 SCCM. Therefore the inboard 

valves were considered acceptable.  

Following the inboard testing, the outboard MSIVs were tested 

by pressurizing the volume between the inboard and outboard 

MSIV to 24 psig via the same drain connection. The inflow 

leakage to each of steam lines A, C and D was seen to be at 

least 4 times, and as much as 15 times, the allowable leakage 

for any one valve. Since the pressure was equalized across the 

inboard valve for this test, this leakage was considered the

- 14



total leakage from the stem and seat of the outboard MSIV and 

the MSIV leakage control system valve seats. This gross 

leakage required verification of the inboard leak rate tests 

with respect to the magnitude of leakage not monitored across 

the stem and seat of the outboard MSIV and across the seat of 

the leak control system bleed valves. Investigation confirmed 

that the leakage was from the stem packing. Detailed calcu

lations to determine the acceptability of the inboard MSIV 

leak rate tests were then conducted. The inboard and the 

outboard MSIV test data, results of the corrective action to 

tighten the stem packing, and the local leak rate test of the 

MSIV Leak Control System bleed valves were input to the calculations.  

The calculations are included in this report.  

4.6.2 MSIV LEAKAGE CONTROL SYSTEM BLEED VALVES 

Main steam isolation valve leak control system (LCS), local 

leak rate tests were performed. The system comprised four 

pairs of LCS bleed valves branching off from the main steam 

lines A, B, C and D drain lines. Three of the four pairs of 

valves showed leak rates greater than the allowable rate which 

necessitated repairs.  

The test data obtained from the initial tests of the LCS bleed 

valves is considered relevant in establishing the leak rates 

of the inboard main steam isolation valves. Therefore, the 

test data is included in this report.  

4.6.3 TORUS PURGE OUTLET-PENETRATION N-205 

The test.procedure specified simultaneous pressurizing both 

of the torus purge outlet 18" butterfly valves (installed in

15



S
series) and the 2" bypass line valve, CV-4309. The test 

volume is between the two butterfly valves and the 2" bypass 

branch line between the butterflies up to the bypass valve.  

Initial test indicated a gross leakage of 1599 SCCM. To 

identify which particular valve or valves contributed the 

leakage, the 2" bypass valve was isolated for test. This 

required isolating the two butterfly valves at the.orifice 

flange connection on the 2" line immediately upstream from the 

18" branch connection. A blank plate was found installed in 

place of orifice plate, FO-4309B. The initial test gross 

leakage was then identified to the 2" bypass valve. Retest of 

all three valves simultaneously, with the blank plate removed, 

showed a total leakage of 2005 SCCM, which necessitated the 

repair of CV-4309. An isolated retest of CV-4309 following 

repair showed minimal leakage of 1.6 SCCM.  

Subsequently, the proper orifice was installed and the 

installation witnessed.

16



LOCAL LEAK RATE CALCULATIONS AND RESULTS

The results of the type B and Type C local leak rate tests are 

summarized in Table 1. The total leakage rate (CLR) is 

within the allowable limits in Technical Specification.  

TABLE I

DESCRIPTION LEAKAGE-SCCM

TESTABLE GASKETS 
ELECTRICAL CANISTERS 
FLANGE "0" RINGS 
EXPANSION BELLOWS

CONTAINMENT ISOL. VLVS: 
TYPE "C" (AIR TESTS) 
TYPE "H" (WATER TESTS) 

MN. STM. ISOL. VLVS: 
PENETRATION 7A 
PENETRATION 7B 
PENETRATION 7C 
PENETRATION 7D 

TOTAL

CLR = 220,609 SCCM 

Leakage in % of CLR =

2633 
35091 

3243 
2375 
3183' 
3930

FROM TEST DATA 
CORRECTED-WATER VS AIR 

INB'D VLV-CALCULATED 
OUTB'D VLV-TEST DATA 
INB'D VLV-CALCULATED 
OUTB'D VLV-TEST DATA

50467

50467 
220609 = 23%

17
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5.1.1 WATER VERSUS AIR LEAKAGE TESTS 

For Type "H" designated test, air is used to pressurize the 

water to 54 psig and the volume of air required to replace 

the leaked water is measured.  

The relationship for conversion is 10cc per hour per inch of 

diameter water leakage equals to 0.1 SCF per hour per inch 

of diameter air leakage.  

Therefore: 

1OCCM of water leakage = 0.1 SCFH of equivalent air leakage 

0.1 (13 .4 ICCM of water leakage = 1-x (12 x 2.54) SCCM of equiv. air leakage 

= 283 SCCM of equiv. air leakage 

When air is used to pressurize the water to 54 psig: 

ICCM of measured air = ICCM water leakage 

68.7 
1lx 18.7 SCCM of measured air = ICCM water leakage 

= 283 SCCM of equiv. air leakage 

or 1 SCCM of measured air = 283 x 14.7 SCCM of equiv. air leakage 68.7 

= 60.5 SCCM 

so: Measured Equivalent Air 

Leakage in SCCM = (flowmeter reading in SCCM) x 60.5

18



I 0 
The Following Penetration Received 

Type "H" Tests:

PENETRATION

9-A 

9-B 

10 

16A 

16B 

36

VALVE

CV-2313/Mo. 4441 

V-14-1 

CV-2410/2411 

MO-1908/1909 

MO-2117/2115 

MO-2135/2137 

V-17-73

MEASURED AIR EQUIVALENT AIR LEAKAGE

135 

68 

35 

206 

110 

6 

20

SCC/M 

SCC/M 

SCC/M 

SCC/M 

SC/M 

SCC/M 

SCC/M

8168 

4114 

2118 

12463 

6655 

363 

1210

sCC/M 

SCC/M 

SCC/M 

SCC/M 

SCC/M 

SCC/M 

SCC/M

REPAIRED AND RETESTED VALVES

The foliowing Type C penetrations were retested after valve 

repair:

PENETRATION
AS FOUND 
LEAKAGEVALVE

RETEST 
LEAKAGE

V-14-1 

CV-2211/2212 

CV-4302/4303/4310 

CV-4378 A/4378B 

CV-1804A 

CV-4300/4301/4309

4.2 Liters/M 

9378 SCC/M 

27,277 SCC/M 

2100 SCC/M 

359 SCC/M 

2005 SCC/M

68 SCC/M 

200 SCC/M 

31 SCC/M 

14 SCC/M 

30 SCC/M 

408 SCC/M

19

5.1.2

9-B 

11 

25 

.32D 

32F 

205N



5.1.3

00 
LEAKAGE OF INBOARD MSIVs 

MAIN STEAM LINE A 

OUTB'D MSIV LEAKAGE TEST 35,000* 
DATA 24 PSIG-SCCM 

INB'D MSIV LEAKAGE-TEST 1850 
DATA-SCCM 

DIFF. PRESS. ACROSS 2.65** 
STEM PACKING-IN H20 

CORR. TO AP FOR 50' TYGON .10 
HOSE-IN H2 

DIFF. PRESS.-CORRECTED-IN H 20 2.75 

CALC. STEM LEAKAGE CORRECTION 1393 

TOTAL INBOARD VALVE LEAKAGE-SCCM 3243

0 0.1

D 

19,000* 

1200

2.3** 2.40** 2.62** 

.10 .10 .10

2.40 

263 

263

2.50 

3183 

3183

2.72 

750 

1950

* Leakage identified across valve stem packing prior to tig 
packing gland nut.  

**Values from Figure 4-Flowmeter Reading (CM) vs AP in. H 0 2 

Allowed leakage from any MSIV 5427 SCCM at 24 psig.  

LEAKAGE OF OUTBOARD MSIVs

MAIN STEAM LINE 

OUTB'D VALVE LEAKAGE
AS FOUND-SCCM

A 

2,000

B 

2,375

htening 

C 

450

20

B C 

7,000* 84,000*

5.1.4

D 

3,930
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ROTAMETER RANGE 

1 - 0 TO 250 CC/M TWO OF 
2 - 0 TO 2100 CC/M THREE 
3 - 0 TO 5200 CC/M MOUNTED 

PRESS GAGE 
0-100 psig 

G 

REGULATOR 
(100/54psig) 

F F ~ AIR FILTER

INLET

DRAIN

Local Leak Rate Tester

BUBBLER

VENT

(1)

Figure 1 .



FIGURE 2

Electrical Canister Test Connection

(.

Cornon B 
Header

Test Conn

-J 9



-I 

I

FICURE 3 

EXPAN3)oG 100 LLOWS3

Penctration 
Number

XJ

A B
------ 4 .I - -4-----

X7A 

X7B 

X-(C 

XTD 

X 9A 

X 913B 

Y111 

X12 

XI 3A 

X13B 

X15 

X16A 

X16 

X17

)0113 

4416 

)114). 9 

4b21 

O14142 

2400 

2238 

1903 

2002 

1906 

2701 

2118 

21333 

1900

V-14-64 

V-il-69 

V-14-7) 

V-1h-86l 

V-lh-89 

V-24 -3), 

V-22-L6 

V-19-113 

V-20-6G 

V-19-108 

V-27-100 

V-21-683 

V-21-53 

V-19-103

V-lb-65 

V-16-7 0 

V-1-75 

V-14-80 

V-11-85 
V-1b-90 

V-24-35 

V-22-47 

V-19-11h 

V-20-65 

V-19-.09 

V-27-101 

V-21-49 

V-21-51 

V-19-1 0)

1-tAN! !~UIT) \'A I ,V 1:3 

C 
E F/C

V-15,-66b 

V-1b-71 

V-.1-76 

V-311 -81.  

V-.1-86 

V-1.1-91 

V-24-36 

V-22-48 

V-1-9-115 

V-20-66 

V-19-1-10 

V-27 -102 

V-21-5.0 

V-21-55 

V-1-9-1,05

D1

Typical Exprn;ion Joinl-'t. Test Connection

Vent Conn 

Only for Pen. //XA to D.  

-1 Test Conn

Note 1

Note 1 Vent lines and test lines for XJ 4413, )00l6, 1bl9, 4421 form a 
common header with sirn.le icolation vnlvcs (F,) located at Lhe 
test connection and vent connection. (F-isolation valve for vent 
header; G-ioolation valve for test header).

v-il,-GT 

V-1b-72 

V-1b6-77 

V-11-92 

V-2 -37 

V-22-b 9 

V-19-116 

V-20-67 

V-19-111 

V-27-103 

V-21-51 

V-2 1-56 

V-1 C

V-lk -68 1o I 

V-1l-73 t 

V-1-78 t 

V-1b-83 

V-14-883 

V-1-93 

V -2 -38 

V-22-50 

V-19-117 

V-20-68 

V-19-112 

V-27-1 0b 

V-21-52 

%-21-57 

V-19-107

.......... . -

P/C 

ICot! 1.  

Note I 

Nlote 1 

Note 1.



FIGURE I 

DryweIll/ruppenion Chanbur VentL ie 
PeneLtra±tion; withi Expansu;ion Aull ows

8 CD

TEm: Fenetration L201A -203C, 1120101201c0, and 112031F 1:201Hii h~ve co::non teOt nt vent fdc ion.

From 2nd 
expa'nzilon 
bellow ; 

penetration

Test Conn, 

Venit Conn

4



FISHER & PORTER DATA (R. BEAN) 

FOR 10" FLOWMETER TUBE 

25 CM = 7.6" 
20 CM = 6.0" 
15 CM = 4.4" 
10 CM = 3.6" 
5 CM = 2.8" 
1 CM = 2.4" 

0.1 = _ 0.1 CM MIN 

1850kC = 3.4 CM MIN 

1200 = 2.2 CM MIN CM vs AP" H 20

2 3 4 5 6 7

AP" H 0 (ACROSS FLOWMETER) 2 1

FIGURE 5

4 d 

-y 
* 4

25 

20 

a15 

10 

5 

0
8


