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blocked by the paint particles forming a heap next to the screens with an angle
of repose of 45 degrees.

The results of the calculation for pressure losses across the sump screens due

to insulation debris indicate that the required NPSH would not exceed the avail-
able NPSH for the recirculation pumps.

The quantity of paint that has any potential for transport to the sump screens
will be the indeterminate-paint in the sump area itself.

To determine the maximum amount of paint debris that can be tolerated, the fol-
Towing three cases were evaluated and presented in Table 7-2:

Case-1: No screen blockage. All paint debris is below the outer screen level
i.e., 6'" coaming plate.

Case-2: Same as Case-1 with additional paint debris accumulation between the
outer and inner screens.

Case-3: 50 percent screen blockage by paint debris.

The results of these calculations presented in Table 7-2 indicate that the maxi-
mum acceptable paint accumulation is about 117,000 sq. ft. for a screen blockage
of 50 percent. The total quantity of paint which has a potential to transport
debris to the sumps is less than the maximum acceptable paint accunulation.

Based on the above evaluations for fibrous insulation and paint debris effects
on the emergency sump performance, the following conclusions are arrived- at:

a. Fibrous insulation on piping has no potential for forming debris which can
block the sump screens.

b. Paint failure in areas other than the steam generator compartments 1 and 4
and the immediate sump area (Azimuth 0-110 and 300-360 degrees) will not be
transported to czuse screen blockage.

C.

Even if all the paint in the contaiiment failed, it will be acceptable be-
cause the sump blockage will still be less than 50 percent.

-2 Amendment 1
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TABLE 3-4

FIBROUS INSULATION TAKE OFF

DRAWING NO. 2323-M1-0513

Feet of Square

Case Line Insulated Feet of
No. Location Size Pipe Insulation
1 El. Below 836’ 1-1/72" 2 e
Reactor Coolant
Pump No. 01 2" 37 38.8
Total 40.8
2 El. Below 836' 1-1/72" 2 2:0
Reactor Ccolant
Pump No. 02 2" 44 46.0
Total 48.0
3 El. Below 836' 1-1/2" - 2.0
Reactor Coolant
Pump No. 03 3" 30 39.3
Total 41.3
4 El. Below 836' 1-1/2" 2 2.0
Reactor Coolant
Pump No. 04 2" 23 24.1
Total 26.1



Case
No.

TABLE 3-5

FIBROUS INSULATION TAKE OFF

DRAWING

NO. 2323-M1-0513-01

Location

El. 835'-0" Stm.
Gen. No.

El. 836'-0" sStm.

Gen. No. 4 Compt.

El. 836'-0" Stm.

Gen. No. 2 Compt.

El. 836'-0" Stm.

Gen. No. 3 Compt.

1 Compt.

Feet of Square
Line Insulated Feet of
Size Pipe Insulation
3/4" 51 36.8
a p % | 11.6
™ 90 117.8
4" 15 23.6
Total 189.8
3/4" 38 27.4
x [oyes 46.1
3" 144 188.3
4" 7 11.0
Total 2712.8
3/4" 44 Y7
2 11 11.6
3" 95 124.3
4" 31 w5
Total 184.9
3/4" 56 40 4
" 138 180.6
4" 12 18.9
Total 239.9



4.0 INSULATION DEBRIS TRANSPORT

The methodology described in this report is based on
NUREG/CR-2791 and NUREG/CR-2982 Rev. 1. The evaluation of long
term transport of debris involves only the metallic insulation
because all the fibrous insulation is assumed to be floating
debris. All the floating debris is assumed to reach the sump
screens.

The transport of the insulation debris occurs in two phases.

The first phase relates to the transport of debris caused by the
initiating event, such as pipe whip and jet impingement. This
mechanism of transport is normally a transient, terminated by
dislodging of all the insulation in the effected zone.

The affects of short term transport are not significant for this
evaluation for the following reasons:

. Even if the metallic insulation reaches near sump region, it
will not be transported to the sump screens because the water
velocities are very low (0.2 to 0.5 ft/sec) compared to the
minimum transport velocity of 2.0 ft/sec (NUREG-0869).

. All the fibrous insulation is conservatively assumed to be
transported to the sumps and to cover the sump screens.

The second phase of transport begins with the recirculation of
the sump water and continues as long as the ECCS recirculation is
active,

4.1 Recirculation Phase Transport

Following a loss of coolant accident and the initiation of the
ECCS, the containment will be flooded with water. All the water
used for the initial phase of the ECCS is provided from the
refueling water storage tank. At the end of this phase of ECCS
operation, the water collected in the containment sumps is
recirculated.

The transport mechanism for the debris is complex because of the
various flow paths and hydraulic resistances present in the
containment. In order to simplify the methodology, various
assumptions were made to produce conservatively limiting
conditions which reflect the long term debris transport. The
major assumpticns were:

a. Water cascading from the point of coolant loss and the
containment spray will eventually £flow to the containment
sumps.



b. No stagnant areas exist within containment.

¢. The transport velocity is sufficient to move all the floating
debris to the sump screens.

d. The force required to transport sinking debris was a
resultant of the friction between the debris and the floor,

the normal force exerted by the debris and the buoyancy
force.

The long term transport evaluation for insulation material was

done by a step by step methodology using NUREG-0869 criteria as
follows:

Step-1 Determine the flow of water to various zones in the

containment during the recirculation phase of the ECCS
and containment spray operation.

Step-2 Determine the minimum water level inside the containment
for the postulated accident.

Step-3 Calculate flow velocities for each path to the ECCS sump
inside the containment. The calculation is based on
using open channel flow equations. The flow is
apportioned to each parallel path based on equal
pressure drop for each flow path.

Step-4 Using the flow velocities established in Step-3,
determine the maximum velocity near the sump.

Step-5S 1f the velocity calculiated in Step-4 is less than
2.0 ft/sec, then reflective metallic insulation will not
be transported to the sump screens. It was
conservatively assumed that all the fibrous insulation
will be transported to the sump screens.

Step-6 Based on the evaluation in Step-5, the quantity of
insulation transported to the sump screens and the

resulting sump affects were calculated as discussed in
Section 7.0.

The containment water levels, and flow velocities for each zone
are discussed in Section 6.2 and presented in Tables 6-19 through
6-24. From this information it was determined that the worst
case water velocities in the zones near the emergency sumps will

not exceed 0.5 ft/sec. Based on the criteria in Step-5, it is
concluded that:

a. The metallic reflective insulaticn will not reach the sump
screens.

4-2




b. All the fibrous insulation was conservatively assumed to be
transported to the sump screens.

The high efficiency insulation will behave like the reflective
metallic insulation, because the material 1is encapsulated in
1/8-inch stainless steel (Ref. NUREG/CR-2791 Page A-23).

4-3



5.0 PAINT DEBRIS GENERATION

The indeterminate-paint in the CPSES containment for each unit
can be categorized into two groups, as follows:

Group 1. Paint materials used are gqualified by test for use
inside containment but the applied coatings dicd not get
full concurrence of the independent QA/QC activities.

Group 2. Some of the equipment installed in the containment is

coated with material not qualified in accordance with
ANSI N101.2.

The extent of indeterminate-paint inside the CPSES containment is

quantified in the "Protective Coating Exempt Log" maintained by
the Owner.

5.1 Paint Failure Modes:

Failure modes must be postulated for the indeterminate-paint to
arrive at the required input parameters for the evaluation of
debris effects inside the containment.

A generalized listing of the various approaches that can be used
to predict paint failure modes is as follows:

Approach 1: All the indeterminate-paint fails and dislodges
from the surfaces.

Approach 2: Only a portion of the indeterminate-paint fails.
In this case, factors can be applied to distinguish
between Group 1 and Group 2.

Approach 3: Same as'2 above but with less conservative factors
for general paint dislodging. To this add the
quantity of paint debris from a calculated worst
case initiating event (pipe rupture, jet
impingement and vibration).

Using Approach 2 or 3 would require extensive testing and
collection of reliable data to support the assumptions. There is
no data currently available to support the assumptions related to
the guantity of paint expected to fail for a given scenario. In
view of this, although it is very conservative, Approach 1 was
used for this evaluation.



5.2 Paint Debris Characterization

To evaluate the mechanism and the rate of transport of paint
debris to the emergency sumps, all the significant
characteristics of the paint debris should be established. The
most important parameters are the specific gravity, coefficient
of friction, and size of the paint debris.

Each of these parameters is important in determining the
transportability of the debris from its point cf origin to the
emergency sumps. Specifically, these parameters affect the force

required to move the paint particles in the water flowing to the
sumps.

The data on paint characteristics is very limited and the
variation in the available data is high. Where specific data is
not available, an estimated range was used based on analogy with
similar material properties. The range of values used and the

basis for the major parameters used in this evaluation are as
follows:

Specific Gravity: The specific gravity of cured paint films
generally vary from 1.5 to 4.0. A density range of 90 to
200 pounds per cubic fcot was used. The worst case is the lowest

specific gravity for the calculation of transportability of the
debris.

Size: Size of paint particles influences calculation of the area
of material normal to flow. Increase in size of particles tends
to increase the force available to move the debris whereas
increase in mass of the particles tends to increase the force
required to move the debris. The effect of paint particle size
is not linear. In view of this, a range of paint particle sizes
was chosen to encompass the possible sizes that could be produced
to 1/16 inch diameter. The smallest particle that can block the
sump screen is 1/8 inch which 1is the size of the sump inner
screen opening. A cylindrical shape for the paint particle was
chosen because this shape provided the most conservative results.
The particle sizes evaluated ranged from 1/16 to 128 inches and
the particle thicknesses used were 3, 5, and 10 mils.

The thicknesses chosen are representative of the paint films
applied at CPSES. The drag coefficient for cylindrical shapes in
the selected range is constant for Reynold's numbers above 1,100.
The Reynold's number is dependent on the velocity, viscosity, and

density of the flowing medium and the area of the particle normal
to the flow. .

Coefficient of Friction: The coefficient of friction between
paint particles and the concrete floor, and between the particles

5-2



themselves is required to calculate the force required to move
the particles. The friction coefficients given in NUREG CR-2971
for calcium silicate particles were used for the transport

silicate particle make them analogous to the paint particles.

velocity determination. The particulate nature of the calcium

In

addition, informal discussions with Carboline and CIBA-Giegy

indicated that friction coefficient data observed were in the
range proposed for calcium silicate. For conservatism the
friction coefficient was varied and the effect on the transport

velocity calculated.



6.0 PAINT DEBRIS TRANSPORT

The transport mechanism for paint debris is similar to that for

the fibrous insulation discussed in Section 4.0. The
NUREG/CR-2791 methodology addresses short term and long term
transport of insulation debris inside containment. The short

term transport 1is associated with the initiating event such as
pipe whip, pipe impact and jet impingement. For the purposes of
the evaluation of paint debris transport, the short term
transport was not considered because it was conservatively
assumed that all the indeterminate-paint fails.

The long term transport begins at the initiation of the
recirculation phase of the post-LOCA operation. Dislodged paint
is subjected to a circulating water flow due to the operation of
the containment recirculation pumps. Fluid velocity, debris
density, and debris size were analyzed to determine if long term
transport occurs.

This evaluation established the transport velocity required to
move the paint particles and the available velocity when the
safety injection, residual heat removal, and spray systems
utilize the containment sump. These velocities were then
compared to determine the potential for paint migration to the
sumps.

6.1 Paint Transport Velocity

Using the basic concepts of NUREG-CR-2791 for insulation debris,
the transport velocity for paint particles was derived. First,
tumbling motion was considered. A model of the forces on a
cylindrical paint particie with its surface area perpendicular to
the water flow was developed (see Figure 6-1). Fp 1is the force
available to tumble or flip the paint particle so that its
surface area will be parallel to the water flow. To tumble, the
available force (Fa) must exceed the friction between the
particle and the floor, (ls Fy ). Where Ms is static friction
coefficient and Fy is the force exerted by the paint particle
normal to the floor, its weight. To find the minimum velocity to
tumble the paint particle Fp is set egual to As Fy as follows
from Section 4.5 of NUREG-CR-2791:




- F; = 1ift force
Fp=CpAp Pw v 2 "

¢ Pw = density of water
Fyy =(Pm-Pw) Vy (g/gc) Pm = density of material
Fr, = 0 for tumbling per NUREG Vyq = volume of material
Fa = s (Fy-Fp) = Us Fy Ap = area normal to flow
Ap =1Td%/4 Vv = average water velocity
Vy = tra2/4)t Cp = drag coefficient
Cn (Ma2 4‘):Pw ? = [(Bn-Pw) Ofdz/d)t]ns d = diameter of particle
&matimg 1 t = thickness of particle
Turble Velocity = v =|us (Pm=Pw) (¢ .5 g = gravitational fcrce

Cp.Pw

gc = Newtons constant

Similarly, the model for slide velocity was developed as shown
on Figure 6-2. For a particle to slide, Fp should be greater
than the force required to move the particle. The major
differences in the derivation are that the friction coefficient
used is now the dynamic coefficient, the lift force (Fp) will be
equal to (Fp) and areas normal to the flow Ap now equals (det).
Thus,

FA =0Cp (d-t) pw 02

F.
N = (Pm - PW)Vy(@/gc)
FL = FA

FA =8 (FN-Fp)
(1 +/d) Fp = @ Fy

(1 +18) Cy (d-t) Pw v2 = I1d [(Pm-?w) erd2/4.t]
2 gc

Slide Velocity = ¥ =t (Pm-Pw) éra/4) 2 gc ]0-5
(1 +08) Cy-Pw 4

Tables 6-1 through 6-9 show the expected transport velocities for
several different particles sizes, at several different paint
densities, at three containment conditions, and three particle
thicknesses. Both the tumble and slide transport velocities are
calculated and presented in these tables. Tables 6-10 through

6-2




6-18 show the effect of varying the friction and drag
coefficients. The following conclusions can be drawn from the
data presented in these tables:

. The thickness of the paint particle, in the 3-10 mils range,
has no affect on its transport velocity.

. The smaller the paint particle size, the higher is the
potential for its transport.

The greater the relative density difference between the paint
and the water, the lower is the potential for transport.

- The higher the drag coefficient between the paint particle
and the moving water, the higher is the potential for
transport.

. Variation in the friction coefficient betwean paint particle
and concrete floor of the containment dces not significantly
affect the transport velocity.

6.2 Available Water Velocity

Following the post-LOCA safety injection phase, when the contents
of the RWST are exhausted, valving is aligned tc provide for a
recirculating flow of water from the containment emergency sumps.

\
The flow of fluids entering and exiting the containment during i
|

the recirculation phase of a LOCA were examined. Two basic
conditions were analyzed to assure conservative results as
follows:

1) Containment spray operating with a water level of 4.5 feet

2) Containment spray, safety injection, and residual heat
removal systems operating with a water level of 9.5 feet.

Flow within the containment is assumed to be represented by a
number of parallel open channel flows. Accordingly, pressure
drop from the break region to the sump is constant for each flow
path, and the summation of mass flows through the various paths
equals the pump flow rate. The magnitude of the flow rate
through each opening is dependent upon the hydraulic resistance
presented by the path.

As described in NUREGC CR-2791, a flow resistance map of the
containment floor was developed as shown on Figure 6-3. A point
source of flow was selected and the potential paths of flow to
the sumps were determined. The source of RHR and SI water was
postulated to be <from a reactor coolant pipe break in steam
generator compartment no. 4 which is closest to the sumps. The

6-3




source of spray water was point 14 in Figure 6-3. This source of
spray water will create a uniform distribution of spray water at
the 808 ft. elevation of the containment. Figures 6-4 and 6-5
show the flow paths for the SI and RHR flow, and the spray flow
respectively. Figure 6-5 represents the case of low water level.
In the case of high water level the spray and RHR/SI contribution

will be combined to yield the maximum flow through a given
opening on branch.

The resistances were determined as the length divided by the area
of each branch or opening in the flow path. The area will vary
depending on the water level chosen and the channel width. The
fraction of flow in each branch was determined by combining the
resistances as in an electrical circuit diagram and proportioning
the flows by resolving the parallel and serial resistances.

The pathways and velocities are developed in the form of
"circuit" diagrams for the RHR/SI flows and spray flows as shown
on Figures 6-6 and 6-7 respectively. The resistance
determinations are tabulated on Tables 6-19 and 6-20 for cpenings
and branches respectively. The velocities and flows resulting at
high and low water levels are tabulated in Tables 6-21 and 6-22.

The velocity of £fluids from the upper levels of containment
generated by spray system was estimated and presented in
Table 6-23. All openings in the containment floors at upper
levels are provided with nominal 4" curbs or toe plates. To
assess the fluid velccities in each 2zone (Figure 6-8), the
largest spray flow was assumed.

6.3 Long Term Paint Transport

During the recirculation phase of post-LOCA coperation, the paint
particles tend to move with the water towards the sump. The
potential for this motion is higher if the available water
velocity (motive force) is greater than the velocity required to
move the particle (transport velocity).

The transport velocities for paint particles of various sizes
were calculated and presented in Tables 6-1 through 6-9. Each
table represents different combination of paint thickness, and
containment temperature. From these tables, it was dete.mined
that the minimum threshold velocity to initiate motion will be

greater than 0.25 feet per second for all particles above
1/8 inch size.

The available water velocities in various 2zones of the
containment are presented in Tables 6-22, 6-23 and 6-24. The
location numbers in these tables correspond to the numbers marked
in Figure 6-3. The flow velocities in open areas range from
0.003 to 0.33 feet per second. The velocities in the narrow

6-4



passages and openings range from 0.18 to 1.5 feet per second.
The velocities in the immediate vicinity of the sumps range from
0.1 to 0.44 feet per second. Figures 6-9 and 6-10 show areas
where the water velocities are expected to be higher than the
threshold velocity for paint transport, at high and low water
levels respectively. From these figures it can be concluded that
most of the indeterminate-paint, if it fails, will not be
transported to the sumps. The zones in the containment that have
any potential for paint transport to the sumps are steam
generator compartments 1 and 4, and the annular space between the
containment wall and the primary coclant shield wall at
elevation 808 ft. in the azimuths 0-110° and 300-360°. These
zones were determined based on the results of the paint transport
analysis presented in Figures 6-9 and 6-10.



Cont.pres PSI
Cont.temp F

Water density Lb/cf
Viscosity water
Thickness Mils

Paint den. lb/cf
Tumble vel. fps

Dia.in
128

0.5
0.25
0.125
0.0625

TABLE 6-1
TRANSPORT VELOCITY SUMMARY
PAINT THICKNESS = 10 MILS

60 Drag coef
307 Fric coef static
Fric coef dynamic
57.0
0.000073
10

SLIDE VELOCITY fps

100 120 150 200

0.145 0.180 0.219 0.272

9.17 10.46 12.67 15.39 19.08
6.48 7.40 8.9 10.88 13.49
4.58 5.23 6.33 7.65 9.54
3-24 3-70 4048 5044 6o75
2.29 2.62 3.17 3.85 4.77
1.62 1.05 2.24 2.72 337
1.15 1.3 1.58 1.92 2.39
0.81 0.92 1.12 1.36 1.69
Q.57 0.65 0.79 0.96 1.19
0.41 0.46 0.56 0.68 0.84
0.29 0.33 0.40 0.48 0.60
0.20 0.23 0.28 0.34 0.42
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TABLE 6-2
TRANSPORT VELOCITY SUMMARY
PAINT THICKNESS = 5 MILS

Cont.pres PSI 60 Drag coef 1.1

Cont,.temp F 307 Fric coef static 0.6
Fric coef dynamic 0.42

Water density Lb/cf 57.0

Viscosity water 0.000073

Thickness Mils 5

Paint den. 1b/cf 90 100 120 150 200

Tumble vel. fps 0.082 0.105 0.128 0.155 0.192
Dia.in

128 9.17 10.46 12.57 15.39 19.08

64 6.48 7.40 8.9% 10.88 13.49

32 4.58 5.23 6.33 7.69 9.54

16 3.24 3.70 4.48 5.44 6.75

2.29 3.7 3.85 4.77

1.62 2.24 2.72 3.37

1.58 1.92 2.39

1.12 1.36 1.69

0.79 0.96 1.19

0.56 0.68 0.84

0.40 0.48 0.60

0.28 0.34 0.42




TABLE 6-3
TRANSPORT VELOCITY SUMMARY
PAINT THICKNESS = 3 MILS

Cont.pres PSI 60 Drag coef 1.1

Cont,temp F 307 Fric coef static 0.6
Fric coef dynamic 0.42

Water density Lb/cf 57.0

Viscosity water 0.000073

Thickness Mils 3

SLIDE VELOCITY fps

Paint den. 1b/cf 0 100 120 150 200

Tumble vel. fps 0.072 0.082 0.C99 0.120 0.149
Pia.in

128 9.17 10.46 12.67 15.39 15.08

64 6.48 7.40 8.9 10.88 13.49

’2 4.% 5.23 6.33 7'69 9'54

16 3.24 3.70 4.48 5.44 8.75

8 2.29 2.62 3.17 3.85 4.77

4 1.62 1.85 2.24 2.72 3.37

2 1.15 1.7 1.58 1.92 2.39

1 0.81 0.92 1.12 1.36 1.69

0.5 0.57 0.65 0.79 0.96 1.15

0.25 Q.41 0.46 0.56 0.68 0.84

0.125 0.29 0.33 Q.40 0.48 Q.60

0.0625 0.20 0.23 0.28 0.34 0.42
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1.1
0.6

Q.42

200

0.1%

150

Fric coef static
0.151

Drag coef
Fric coef dynamic

120
0.124

TABLE 6-5
TRANSPORT VELOCITY SUMMARY
58.8
100
0.102

PAINT THICKNESS = 5 MILS
0.000127

SLIDE VELOCITY fps

0

0.

Water density Lb/cf
Dia.in

Viscosity water

Thickness Mils

Cont.pres PSI
Paint den. lb/cf
Tumble vel., fps

Cont.temp F

5RNBERK/GEDRT
839643211000

8L RRLEBAIEER

507532110000

QPLREERABRARY

286432110000

BNR2CRERR/AKT

864321100000

128
64
32
16

8

4

2

1
0.5
0.25

0.125
0.0625



Cont.pres PSI
Cont.temp F

Water density Lb/cf
Viscosity water
Thickness Mils

Paint den. 1lb/cf
Tumble vel. fps
Dia.in

128
64
32
16

TABLE 6-6
TRANSPORT VELOCITY SUMMARY
PAINT THICKNESS = 3 MILS

20 Drag coef
250 Fric coef static
Fric coef dynamic
58|8
0.000127
-

SLIDE VELOCITY fps

0 100 120 150 200
0.068 0.079 0.096 0.117 0.146
8.78 10.08 12.29 15.00 18.67
6.21 7.13 8.69 10.61 13.20
4.39 5.04 6.15 7.50 9.33
3.10 557 4.35 Be ) 6.60
2.19 2.52 3.07 3.75 4.67
1.55 1.78 2147 2.65 3.30
1.10 1.26 1.54 1.88 2.33
0078 0189 1 ow 1 l}} 1 065
0.55 0.63 0.77 0.94 1.17
0.39 0.45 0.54 0.66 0.83
0.27 0.32 0.38 0.47 0.58
0.19 0.22 0.27 0.33 0.41
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Cont.pres PSI
Cont.temp F

Water density Lb/cf

Viscosity water
Thickness Mils

TABLE 6-7
TRANSPORT VELOCITY SUMMARY
PAINT THICKNESS = 10 MILS

10 Drag coef

&.1

0.000194
10

SLIDE VELOCITY fps

Fric coef static
Fric coef dynamic

Paint den. lb/cf 0 100 120 150 200

Tumble vel. fps 0.121 0.140 0.171 0.210 0.262
Dia.in

128 8.50 9.82 12.03 14.73 18.38

64 6.01 6.94 8.50 10.42 13.00

32 4.25 4N 6.0 7.37 9.19

16 3.00 3.47 4.25 5.21 6.50

8 2.12 2.45 3.0 3.68 4.59

4 1.50 1.74 &3 2.60 3.25

2 1.06 12> 1.50 1.84 2.30

1 0.75 0.87 1.06 130 1.62

0.5 0.53 0.61 0.75 0.92 1.15

0.25 0.78 0.43 0.53 0.65 0.81

0.125 0.27 0.3 0.38 0.46 0.57

0.0625 0.19 0.22 0.27 0.33 0.41




1.1
0.6

0.42
200

0.185

150

0.148

Fric coef static
Fric coef dynamic

Drag coef
120
0.121

TABLE 6-3

A

0.000154

10

100

0.

TRANSPORT VELOCITY SUMMARY
PAINT THICKNESS = 5 MILS
SLIDE VELOCITY fps

0

O.

Paint den. 1lb/cf
Tumble vel. fps

Water density Lb/cf
Dia.in

Cont.pres PSI
Viscosity water
Thickness Mils

Cont.temp F

RBLRAQRYLERS
-

0Yh5 B8 IRYEER

SONMNMNANe--0000
o

HREQELREERRY

NDOSMAE-~0000
o

335592RBEIRY
O OCO00

R5Q8IRGERANT

OO+~ 00000

5
0.25

0,125
0.0625

&Qr‘m8424

128
0




TABLE 6-3
TRANSPORT VELOCITY SUMMARY
PAINT THICKNESS = 3 MILS

Cont.pres PSI Drag coef 1.1
Cont.temp F Fric coef static 0.6

Fric coef dynamic 0.42
Water density Lb/cf

Viscosity water
Thickness Mils

SLIDE VELOCITY fps

Paint den. lb/cf
Tumble vel. fps
Dia.in

120
0.094

»
G2

128
64
32
16
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TABLE 6-10

TRANSPORT VELOCITY SUMMARY
DRAG COEFFICIENT = 1.5

Fric coef static

Fric coef dynamic

Cont.pres PSI 10 Drag coef
Cont.temp F 200
Water density Lb/cf 60.1
Viscosity water 0.000194
Thickness Mils 3

SLIDE VELOCITY fps

Paint den. lb/cf 0 100 120 150

Tumble vel. fps 0.057 0.066 0.080 0.098
Dia.in

12 7.28 3.41 10.30 12.62

64 5: 15 5.94 T ol 8.92

32 3064 4020 5015 6-31

16 2.57 2.97 3.64 4.46

8 1.82 2.10 297 5.15

4 1.29 1.49 1.82 2.23

_ 0N 1.05 1.29 1.58

1 0.64 0.74 0.9 1:12

0.5 0.45 0.53 0.54 0.79

0.25 0.32 0.37 0.46 0.56

0.125 0.23 0.26 0.32 0.39

0.0625 0.16 0.19 0.23 0.28

0.123

15.74
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1.2
O.6
0.42

33I3Y3=RRIRAR

7286437.11000
~—

200
0.137

CHORRIRYBYIT
M97432110000

150
0.110

Fric coef static

Fric coef dynamic

Drag coef

RTESBIIYNRRY

cONEANN-=~0000
4

120

Q.

QURNIRBERRYYY
964321100000

DRAG OOEFFICIENT = 1.2
10
200
A

0.

TABLE 6=11
TRANSPORT VELOCITY SUMMARY
0.000154

3
SLIDE VELOCITY fps
100

854221100000

0
0.063

684215555
%&R me&

Paint den. lb/cf

Tumble vel. fps

Dia.in
0

Water density Lb/cf
Viscosity water

Thickness Mils

B
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Cont.pres PSI
Cont.temp F

Water density Lb/cf
Viscosity water
Thickness Mils

TABLE 6-12
TRANSPORT VELOCITY SUMMARY
DRAG COEFFICIENT = 0.9

10 Drag coef
200 Fric coef static
Fric coef dynamic
60.1
0.000194
3

SLIDE VELCCITY fps

Paint den. lb/cf 0 100 120 150 200

Tumble vel. fps 0.073 0.085 0.104 0.127 0-159
Dia.in

128 9.39 10.85 13.30 16.29 20.32

64 6.64 7.67 9.40 11.52 14.37

32 4.70 5.43 6.6 8.14 10.16

16 3.32 3.84 4.70 5.76 7.18

8 2.35 2.7 3.32 4.07 5.08

- 1.66 1.92 2.35 2.88 3.59

2 1.17 1.36 1.66 2.04 2.54

1 0.83 0.9 1.18 1.44 1.80

0.5 0.59 0.68 0.83 1.02 1.27

0.25 0.42 0.48 0.59 Q.72 0.0

0.125 0.29 0.34 0.42 0.51 0.63

0.0625 0.21 0.24 0.29 0.36 0.45
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TABLE 6-13

ot ST TIVMARY
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ARTETATEN _
WWELD LOLOINL =

Al - DCT
Cont.pres pPol

Cont.temp k 0 F'1 static
dynamic

Water density Lb/cf 60.1

Viscosity water 0.000194

Thickness Mils 3
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TRANSPORT VELOCI MARY

WVila VUi Asdill OUI i

CUTA MDD NWVMAM ==
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Cont.pres

=
Cont.temp

Water density Lb/cf

viscosity water
Thickness Mils

SLIDE VELOCITY fps
100 120 150 200
0.077 0.09 0.115 0.143
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TABLE 6-16
TRANSPORT VELOCITY SUMMARY

ST Y WA U A A z
R { ) ..E4
A
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cont.pres 10

" o
Cont.temp 200

Water 60.1
Viscos at 0.000194
Thickn 3

LA b,

SLIDE VELOCITY fps
Paint den. 1l l 0 100 120
Tumble vel. fp:s . ).094

Dia.in ——————
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