ATTACHMENT NO. 1
CONTAINMENT TENDON SURVEILLANCE

LIFT-OF ACCEPTANCE CRITERIA

8004230 S‘J’P




CONTAINMENT TENDON SURVEILLANCE
LIFT-OFF ACCEPTANCE CRITERIA

Prepared By:

K 4

. E. Johnson

Bechtel Power Corporation

San Francisco, California

February 1978



TABLE OF CONTENTS

Section

1.0 INTRODUCTION

2.0 CONTAINMENT TYPES AND DESCRIPTIONS

3.0 CONTAINMENT DESIGN

4.0 GENERAL ACCEPTANCE CRITERIA

5.0 SURVEILLANCE DATA REDUCTION

6.0 REGULATORY GUIDE 1.35 AND NRC REQUIREMENTS
7.0 SUMMARY

Appendix A - Correspondence between Bechtel Power Corp. and U.S. NRC

on Regulatory Guide 1.35, Revision 2.



1.0

CONTAINMENT TENDON SURVEILLANCE
LIFT-OFF ACCEPTANCE CRITERIA

INTRODUCTION

The following inform&tion has been assembled to aid in the understanding of
the purpose and requirements of tendon surveillance in prestressed post-
tensioned concrete nuclear containments with unbonded tendons. The major
emphasis is on the determination and acceptability of tendon 1ift-off

measurements.

It is essential when determining acceptance based on surveillance results

that the reviewer consider and have knowledge of basic containment cesign.

Tendon surveillance has been performed by Bechtel Power Corporation‘on many
containments and was first done on the Palisades Containment in 1972 based

on procedures developed by Bechtel. Since that time, Regulatory Guide 1.35
has been issued and a working group under ASME Section XI has been attempting
to develop standards. Present containment design and construction is

covered by the ASME Section III, Division 2 Code.
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Bechtel h;s sent comments to the NRC on Regulatory Guide 1.35. The comments
and suggestions were based on extensive experience in containment tendon
surveillance. The main objective was to try and get standardization of
data reduction for the industry, using what was considered as the most
meaningful technique. In addition it was pointed out that problems were
coming in the future with the present Regulatory Guide 1.35 acceptance
criteria. The Bechtel letler to the NRC and the response are in Appendix A.
The NRC response was .extremely disappointing. Therefore the material

contained herein is provided as further back-up for previous comments.
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2.0 CONTAINMENT TYPES AND DESCRIPTIONS

The first generation of prestressed containment structures (Type I) used
about 500 ton capacity tendons, with six buttresses in the cylinder and
ellipsoidal domes. These containments had about 500 hoop, 180 vertical

and 165 dome tendons.

By the next generation of containments (Type 1I), it was found feasible to
use larger and‘longef tendons. The tendon capacity was about 1,000 tons
and three buttresses were used. With the larger tendons and three
buttresses, the tendons were reduced to about 160 hoop, 90 vertical and

85 dome tendons. A comparison of the horr Lcnuun vunfiguration is shown in

Figure 2-1 for the three and six buttress containments.

In addition to the changes listed above, the minimum prestress level was
reduced from 1.5P (design pressure) to 1.2P for some containments. An
approximate estimate of the amount of prestress in a containment can be

oktained by using Lin following expression:

where:

X = level of prestress

F = effective prestress force at end of design life
D = dead load

P force resulting from internal pressure
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For the Type 1 and Type Il containments, X > 1.5, and in the later Types
IT and 111 containments, X > 1.2. The 1.5 criteria essentially requires
the contaimient to resist the factored loads by the effective prestress
which is the initial force in the tendon at installation minus the losses
from friction, concrete creep and shrinkage, and prestressing steel
relaxation. The very conservative 1.5 criteria was used for the first
containments since they were new in the U.S. As further experience and
knowledge of containments developed, it was determined that tihe 1.2P could

replace the 1.5P criteria and still maintain the required cegree of safety.

The 1.2 criteria allows membran: concrete cracking when the containment is
designed for combined factored loads. This cracking allows the tendon to
be retensioned from the effective value until force equilibrium is satisfied.
Under these combined factored loads, which include the effects of the design
accident combined with the Safe Shutdown Earthquake, the tendon is allowed

to reach a stress level of 90% of the yield.

Both criteria require that the containment remain in membrane compression
during the initial structural integrity test (SIT) since the test pressurization
is equal to 1.15P. With the test pressurization of 1.15P, both the 1.2 and 1.5

containments would respond about the same due to the test pressurization.

The latest generation of containments (Type IIl) has simplified the
configuration from ellipsoidal to hemispherical domes, which eliminated the
ring girder and enabled the dome and vertical tendons to be combined in a

single tendon which anchors in the tendon gallery. For contaimments with

hemispherical domes and 1.2P minimum prestress level, there are about 150
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hoop and 70 combined dome-vertical tendont which anchor in the tendon gallery.

A comparison of containment tendon layout is shown in Figure 2-2.

The number of tendons stated previously for containments can vary due to
size, magnitude of design pressure and earthquake, and the amount of
prestress loss due to concrete creep and shrinkage and prestressing wire

or strand relaxation.

Figure 2-3 shows a comparison of the three types of containments that have

been designed by Bechtel Power Corporation in the past and are presently

under design.
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FIGURE 2-3
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3.0 CONTAINMENT DESIGN

In order to set tendon surveilldnce acceptance criteria, the basic
assump*ions used in the containment design must be considered. Present
containients are designed in accordance with Article CC-3000 of the ASME
Section IlI, Division 2 Code. Prior to issuance of this code, the

design was done using similar criteria based on ACI-318.

For illustration the post-tensioning system in the hoop direction of a
containment will pe designed; however, any interaction between the hoop

and vertical directions will be neglected for simplicity. The code and
past criteria have required that the containment resist the operating loads
and the structural integrity test pressurization utilizing only the
effective prestress and dead load. The effective prestress is usually
defined as the amount of prestress left after all losses are deducted
considering a 40 year plant life. The structural integrity test is

performed at a pressure equal to 1.15 times the calculated accident pressure. i
\

\

\

Another condition requires that the post-tensioning system resist factored
load combinations such as accident condition of I.SPa without exceeding the
ultimate strength. For ASTM A-421 wire, the allowable for this case is

.72fpu where fpu is the wire ultimate strength. For this design case the.
concrete is allowed to have membrane concrete cracking and the tendons are

allowed to increase in stress until equilibrium is reached.
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The following :ontainment will be used to show the design process and,

since it will be desirable for illustration to cover the entire tendon

population, only ten tendons will be used,

Basic Design Information

a)
b)
c)

d)

e)

Design accident pressure = 60 psi
Inside radius = 65 ft
ASTM A-421 prestressing wire:

Ultimate strength fpu = 240 ksi
Yield strength rpy = .8fpu = 192.ksi
Modulus of elasticity E = 29x103 ksi
Concrete:

Ultimate strength fé = 5000 psi
Modulus of elasticity E. = 5x103 ksi

Losses: in determining the effective prestress, it is necessary to

evaluate the prestressing losses.

® Elastic: these losses occur since it is not possible to tension all
the tendons at once. For a very large number of tendons, the stress
loss in the first tendon tensioned will approach the following value

assuming a stress in the concrete of .3fé:

€
. 'S (29x103) _
ax = (-370) £ = (1.5) BEE) < 5.7 ks

For a small sample of only ten tendons, then the average loss of

all tendons will be:

L
= (N=1, “max . 10-1, 8.7 P
Lave * () =7~ = (557) 5~ = 3.9 kst



® Friction: wusing a curvature and wobble coefficient of friction of
= .14 and k = .0003 for a 240° tendo' results in a friction loss
of about 10 ksi,

® Wire Relaxation: for normal relaxation wire, the loss is considered
as 8% of the value at tendon seating and is therefore:
(.08)(.7)(240) = 13.4 ksi

® Concrete Creep And Shrinkage: these values are determined from tests
on concrete cylinders made from the design mix and are based on

uniaxial compression. 500y in/in of loss at 40 years will be assumed

here and the resulting loss is:

(29x103)(.0005) = 14.5 ksi

A1l losses are based on testing and the interaction of losses is not

considered since this is conservative. A summary of losses after 40

years is:

Average elastic 3.9 ksi
Relaxation 13.4 ksi 31.8 ksi
Creep und Shrinkage 14.5 ksi

Friction 10.0 ksi
Total: 41.8 ksi

Assuming that the tendon is anchored at .70fpu (168 ksi), then the effective
stress in the wire at 40 years is 168 - 41.8 = 126.2 ksi. It is permissible
to anchor at a higher value than .70fpu to compensate for elastic losses;

however, this will not be used in this example.
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Since the containment must resist the test pressure of I.ISPa Qith effective

prestress, then to be conservative a value of 1. 20P will be used,

Therefore, the effective membrane prestress force should be:

. . (144)
F 1.2PR = (1.2) 3500

eff (60)(65) = 674 k/ft

A 182-%“ diameter wire tendon will be used here and the tendon capacity

at a stress of 126.2 ksi is:
Tendon capacity = (182)(.0491)(126.2) = 1127.7 kips
Therefore, the average tendon spacing nust be:

Tendon spacing = 1153;7 = 1.67 ft = 20 in

Based on this spacing, the 1.5Pa condition will be checked:

. (144)
1.5P, = (1.5) 1555~ (60)(65) = 842 k/ft

The tendon capacity at an allowable stress of (.9)(.8)fpu = (.72)(240) = 173

ksi is:

Tendon capacity/ft = (182)(.0491)(173)/1.67 = 926 kips/ft

Since 926 > 842, then the I.SPa load combination is satisfied.




4.0 GENERAL nCCEPTANCE CRITERIA

As was previously illustrated in Section 3.0, the designer wanted to make
sure the containment would not have membrane cracking during the structural
integrity test at a pressure of l.lSPa. Therefore the effective prestress
level was set at 1.20Pa and all losses were conservatively considered.

The design was also based on the average or typical tendon. It has been
conservatively assumed in the past that it was necessary to have a minimum
average effective stress in the wire of 126.2 ksi or 1128 kips/tendon or
(126.2)(.0491) = 6.2 kips/wire. It has also been shown that, by using

this amount of effective prestress, the factored load condition of I.SPa

is well under the tendon ultimate strength. If the minimum wire force is

6.2 kips, then the force at the end anchor must be:
(136.2)(.0491) = 6.69 kips/wire due to the absence of friction 10ss.

The amount of prestress loss is somewhat arbitrary since it does not really
affect the ultimate strength of the containment. It was important to

supply a sufficient prestress level so that the containment would not

have membrane cracking during the structural integrity test. However, when
surveillance is being performed, the SIT has been completed and this require-
ment is no longer necessary assuming that future tests will only be made up

to a pressure level of about Pa for leak rate determination.
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The e}fective required prestress in the actual structure determined by
surveillancé measurements should be based on the conditions that the containment
will reclly experience during its lifetime. These will be test conditions,
operating conditions, and possibly the occurrence of the Operating Basis
Earthquake (OBE).

Therefore it is not necessary to have the same acceptance criteria for
effective prestress when performing surveillance as it was when sizing the
system initially. A good criteria would be to require an average level of about
10% higher than the expected future test pressurization, provided this is

higher than the OBE. For the previous example, the required force per wire

would be:

¥: ]

o

|

n

0 (6.65) = 6.13 kips/wire
Past experience has shown that about two-thirds of the losses occur in the

first year after post-tensioning. Therefore the average force per wire will
be:

68 - .667(31.8)] (.0401) = 7.21 kips
Figure 4-1 illustrates the average tendon wire force versus time. The

expected loss curve is shown together with some minimem values. The shape

of the expected loss curve is approximate and only time wi 1 *a11 a more

exact shape based on actual measurements,




The minimum value line of either 6.6S8 or 6.13 kips/wire is the most
important value on the curve since the average prestress for a group of
tendons must be above or equal to this value. If a spacing of 18" were
used instead of 20" for the same design conditions, then the containment

would be slightly over-designed and the following minimum value could be

used:

%—8— (6.13) = 5.52 kips/wire

The only purpose of the expected loss curve is to predict the general trend

in losses to predict future conditions. This curve should not be used in

the acceptance criteria.
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5.0 SURVEILLANCE DATA REDUCTION

As shown in Section 3.0, the containment is designed based on the average
tendon for the group. During tendon installation and tensioning it is not
possible to anchor all the tendons at the same force level since it is only
practical to use preselected sets of incremental shims. Also as illustrated
in Section 3.0, there will be elastic losses and the tendons tensioned first
will have lower force levels at completion of tensioning than those

tensioned last. These two effects can be corrected for, since they are

well defined. These corrections must be made so that the measured values

will be typical of average conditions and also the general loss trend can then

be established from one surveillance to the next.

To illustrate the concept of correcting (normalizing) l{ft—off readings. a
containment which has only a total of 10 hoop tendons will be used. With this
assumption the entire population will then be known (and is defined in Table
5-1). The first column lists the tendon number and also shows when it was
tensioned in the sequence. The second column shows the initial 1lift-off values
which are within +30 kins with an average of 1500 kips. The third column

shows the tendon forces after elastic losses which were determined by:

Tendon Force Actual N-(n+1) L
After Completion N ma x

Of Tensioning Lift-Off

where:

Lmax = elastic loss based on maximum elastic strain in the concrete (kips/tendon)

N = total number of tendons

n = number of tendons tensioned prior to the one being considered
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From Section 3.0, the maximum elastic loss was 8.7 ksi; therefore:
Lmax = (8.7)(.0491)(182) = 78 kips
for a 182 wire tendon with a wire area of .0491 in2.

The sixth tendon will be used for illustration:

Tendon force = 1530 - ‘0‘"5)*‘ 78 = 1499

The values in the fourth column were determined by assuming that 70% of the
total wire relaxation and 55% of the concrete creep and shrinkage had

occurred the first year. Using the sixth tendon, the relaxation is:

"

Ist year relaxation loss = (.70)(.08)(initial 1ift-off)

(.056)(1530) = 86 kips

The first year concrete crecp and thrinkage loss is:

(.55)(14.5)(.0491)(182) = 71 kips

Total losses are: 86 + 71 = 157 kips

Subtracting this value from column 3 for tendon 6 results in a first year

predicted value of:

(1499 - 157) = 1342 kips

5-2
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Column 4 simulates a sample that might be found in a real coitainment

if the sample were not affected by other items such as a ram calibration.

Column 5 shows the normalizing factors which can be used to correct the

actual tendon lift-off values to the average value.

were determined by:

&verage r
Lift-0Off -
All Tendons

NF = =— - -
A tual
Tendon - L
Lift-Off N WX

N-1 Lmax
2

Using tendon 4 for illustration:

BRCE
5000 - 10} 2 1465 _

® 3383
b“‘J [mu] o

10

NF =

. 988

Column 6 was determined by multiplying column 4 by column 5.

tendon 4 for illustration:

(1326)(.988) = 1310 kips

The normalizing factors

Again, using

A1l values of column 6 should have been 1310, but this would lead to

normalizing equations which are extremely complicated and not justified.

Column 6 illustrates that by normalizing any tendon, then it will be

essentially typical of the average tendon in the containment and this is

a necessary condition.

Column 4 - unnormalized bandwidth

1365-1255)100 _
it - -2

The bandwidths for columns 4 and 6 are:



Column 6 - normalized bandwidth

glsu-laoegm . . 308

Significant errors may result if surveillance lift-off readings are not

corrected for initial lift-off and elastic losses.

Table 5-2 shows the columns 4 and 6 information from Table 5-1 changed to
force per wire. Lift-off can be stated in terms of tendon force, wire force
or wire stress. Tendon force is notve~y good, since some tendons may not
have the full amount of wire due to initial installation breakage and wire
removal [rom previous surveillances. Wire force is more convenient than

stress since it is directly obtained by dividing the tendon force by the

number of wires.

Based on past experience, Bechtel has observed a bandwidth of about +5%
after the lift-off readings were normalized; however, this may increase

in future surveillances. Figure 5-1 shows a condition which may exist

in many containments after years of operation. If the expected loss curve
and the minimum curve have the same value at end of life, then half the
lift-off valueswill be above and the other half below the curve at end of
life. Therefore, if each time a tendon falls below the curve, and if one
or two additional tendon lift-offs are required, eventually all tendons
will be needed for lift-off. Obviously this requirement would be

ridiculous, since containments are designed for average tendon conditions.
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A ratjonal 1ift-of f criteria is stated below:

1)

2)

3)

A1l lift-off values must be corrected fur initial installatior condi-
tions (actual anchorage force and elastic losses during initial post-
tensioning and any other significant effects) so that the value is
indicative of the average level of prestress.

The average of all corrected 11ft-off values shall be equal to or
above the minimum required prestress.

Lift-off.values <hall be obtained on adjacent tendons for any tencon

which is below 90% of the minimum required prestress.



Table 5-1 End Anchor Forces

[-_ 1 2 3 5 5 6

Normalizing
Initial Anchor Forces | Anchor Force Force

Tensioning Lift-0Off After Elastic | After First Normalizing | After First
Sequence Value (kips) | Loss (kips) Year (kips) Factor Year (kips)

1 ISQO 1430 1275 1.025 1307

2 1470 1408 1255 1.041 1306

3 1470 1415 1262 1.035 1306

a 1530 1483 1326 . 988 1310

5 1500 1461 1306 1.003 1310

6 1530 1499 1342 .977 1311

7 1470 1447 1294 1.013 1311

8 1500 1484 1329 . 987 1312

9 1530 1522 1365 . 962 1313

10 1501 1500 1345 .977 1314

Average 1500 1465 1310 1.000 1310




Table 5-2 Wire Forces

Wire Force
After First

Normalized
Wire Force
After First

Tendon | Year (kips) | Year (kips)
1 7.00 7.18
2 6.90 7.18
3 6.93 7.18
B 7.29 7.20
5 7.18 7.20
6 7.3 7.20
7 7.1 7.20
8 7.30 7.21
9 7.50 7.21

10 7.39 Fo 2R
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6.0 REGULATORY GUIDE 1.35 AND NRC REQUIREMENTS

As mentioned in Section 1.0, Bechtel submitted comments to the NRC on
Regulatory Guide 1.35 and the NRC responded. This correspondence is
contained in Appendix A. The requirements for 1ift-off acceptance

from Regulatory Guide 1.35 are summarized as follows:

a) "4.2 The maximum test 1iftoff force should be greater than
the maximum in-servic2 prestressing force."

b) "7.1 The prestress force measu-ed for each tendon in the tests
described in Regulatory Position C.4 should be within the limits
predicted for the time of the test."

¢) "7.2 There should be no more than one defective tendon in the
total sample population. If one sample tendon is defective, an

adjacent tendon on each side of the defective tendon should also

be checked."
Conments on items a), b) and ¢) are as follows:

There does not appear to be a clear definition of the intent of item a).

Item b) requires that tendon acceptance be based on a predicted value at

the time of testing. This requirement is meaningless, since it now makes.
acceptance and the amount of tendons in the sample a function of the designer's
ability to predict very small loss values. Losses are originally, conserva-
tively based on testing, and using these losses, the minimum amount of
prestress in the average tendoen is determined. Therefore, the only thing

important to public safety is the minimum required value.



As another example of the unimportance of the expected value, consider a
containmeét which is over-designed and has more prestress than is absolutely
necessary. This condition can be considered simulated in Figure 4-1. As

shown, the acceptance should not be based on the expected loss curve, but

must be based on the minimum value such as l.lPa. Also, for a tencon to be
acceptatie, it must be within limits predicted at the time of test (surveillance)
However, these 1imits are not clearly defined and, in fact, it may not be
possible to define these limits. If they are too loose, then the criteria

may be meaningless, and if they are too tight, the surveillance sample may
increase by a large amount and, as stated in Section 5.0, significant problems

may be coming hy the end of life.

Regulatory Guide Section 7.2 infers that if a tendon 1ift-off does not

meet the requirements of 7.1, then it is defective. This certainly appears

to be a poor choice of terminology. A tendon may just fall slightly below
some chosen value and be in very good condition. Also, if a low 1ift-off is
determined due to excessive concrete creep and shrinkage, the tendon is
'certg*nly not defective, and if there is no evidence of corrosion, the ultimate
strength has not changed; and therefore the word “defective" should be replaced

with something mcre appropriate.

The valid and fullydefined technique of determining containment surveillance
lift-off acceptabilit: summarized in Sections 4.0 and 5.0 will eliminate
most of the problems previously defined. This technique was previous ly

documented in the Rechte) letter to the NRC (see Appendix A).
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The following summarizes the NRC response:

a) "It is the intent of the guide that the applicants construct
a tolerance band bounded by two concurrent prestressing force
curves against, i.e., ..."

b) "The practice indicated in your letter is not acceptable as it
mixes up the initially determinable parameters (i.e., initial
anchoragé force, loss due to elastic shortening) with the
parameters which cannot be determined so accurately and are
time-dependent...."

c) "However, the criteria that you have suggested may be modified as
follows:

1) A1l curves of predicted tolerance bands should be corrected
for initial installation conditions such as actual anchorage
force and loss due to elastic shortening.

2) A1l lift-off values should be within the corretted tolerance
bands cf respective tendons, Lift-off shall be obtained on
adjacent tendons for any tendon lift-off value which is
outside the limits predicted for the time of the test.

3) The average of the lift-off values from all tendons in a
particular region shall be equal to or above the minimum

required prestress.”

Item a) requires a band per tendon. Item b) states that the Bechtel
technique is "not acceptable" since it mixes up parameters. The
technique does not mix parameters as has been illustrated in this
document. Item c) then states that curves should be corrected for

initial installation cenditions. If done correctly, this %s




essentially the same as Bechtel has proposed, except the curves

are adjusted instead of the measurements. However, as was previously
pointed out, the Bechtel technique is much better for determining the
condition of the entire group of tendons since they can be directly
compared with each previous measurement and the average required value.
This is not possible with the NRC technique. Item c)2) is a major
problem since it used predicted values to set acceptability and this

is incorrect.



7.0 SUMMARY

This document has attempted to give an understanding of the design and
requirements for a prestressed concrete containment post-tensioning system.
Also, realistic acceptance criteria and methods of data presentation are

defined. The major points are summarized below:

1)  The required minimum level of prestress during surveillance may not
be the same value as was used in the original design.

2) Surveillance lift-off measurements should be normalized to eliminate
elastic loss and initial anchorage effects.

3) Acceptance should be based on the average lift-off of the sample since
the original design was basedon the average tendon.

4) Acceptance must be based on the minimum effective force required and

not some arbitrary predicted value.
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APPENDIX A

Bechtel Power Corp., letter from B. L. Lex to R. M. Minogue of
NRC, dated May 6, 1976, subjec., "Regulatory Guide 1.35, January
1976, Reyision 2, 'In-Service Inspection of Ungrouted Tendons in

Prestressed Concrete Containments' - Comments".

U.S. Nuclear Regulatory Commission, letter from M. Kehnemuyi to
B. L. Lex of Bechtel Power Corp., dated ). y 27, 1976, subject,
"Your Comments on Revision 2 of Regulatory Guide 1.35, dated

May 6, 1976".
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Bechtel Power Corporation

Engincers—Construclors

Fifty Beale Street @

San Francisco, Calilornia
Mail Adgress: P O. Box 3965, San Fraacisco, CA 94119

May 6, 1976

Mr. Robert B. Minogue

Director

Office of Standards Development
Nuclear Regulatory Commission
Phillips Building

7920 Norfolk Avenue

Bethesda, MD 20014

Subject: Regulatory Guide No. 1.35, January 1976, Revision 2
'In-Service Inspection of Ungrouted Tendons in
" Prestressed Concrete Containments' - Comments

Dear Mr. Minogue:

We submit the following information on in-service inspection of ungrouted tendons
in prestressed concrete containment Structures. Your Regulatory Guide 1.35,
Janvary 1976, Revision 2, states detailed surveillance requirements.. However, in
Section D, "lmplementation", it states that the applicant may develop an acceptable
alternative method.

We request your review of the following material on a generic basis for all future
containments. 1In the following we attempted to comply with the intent of Regulato:
Guide 1.35 and, in addition, we have considercd the knowledge we have gained in
past tendon inspections.

N
Attached for your informarion is a Summary of Tendon Surveillance Data for Bechtel
designed containments in which we supplied technical guidance during in-service
inspection.

\
1. TENDON LIFT-OFF FORCL ACCEPTANCE CRITERIA

The containments are originally désigned for an average prestress force
from all tendons in a particular region and our past experience has shown
variation in lift-off for a group of tendons. Lift-off readings must be
corrected to reir‘ect the condition of an average tendon, therefore, we

have normalized the lift-off readings to correct for initial elastic

losses and also the initial actual tendon anchorage value, since all ten-
dons cannot be anchored at tha. oy vnie M ALIG o b parpalising s ve
determined that the variation® e 2 : .
variation is due to measuremd
variation as the containment

will be above the required v . .
an scceptable condition, pro Entire document previously

" . :
or ¢qual to Lhe required val entered into system under

following sketch. wo 790F/800/0
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