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Pertinent Information Related to the Issue of

Erosion of Cement from the-
Millstone Unit No. 3 Containment Mat ]

During a meeting held on. July 1,1996 at the Millstone Site, the NRC Staff made an informal |
request for pertinent information on a series of topics related to the issue of erosion of porous ;

concrete under the Millstone Unit 3 Containment basemat. |
.

Northeast Nuclear Energy Company (NNECO) has compiled in Attachment 1 to this letter }
information that responds fully to the NRC Staff request. The material is organized in a manner !
that correlates the NRC Staff request, formulated as a series of questions and information :

requests, with answers and documentation that provide responses to the questions.

Additional supportive information was provided when appropriate. Attachment 2, titled "1991 - |
Chemical Analysis of Sump Residue," presents information related to the debris found in the l

Millstone Unit 3 Engineered Safety. Features Building sumps. Attachment 3, titled "1996
Chemical Analysis of Sump Residue and Water," contains results of the analysis of the
samples removed from the Millstone Unit 3 containment sump and the mockup samples.
Attachment 4, titled " Technical Data on Porous Wall Concrete Drainage Pipe," presents
technical information regarding the six inch diameter porous concrete drain pipes.

Should the NRC Staff have any questions regarding the material provided, please contact Mr.
R. Laudenat at (860) 444-5248.
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NORTHEAST NUCLEAR ENERGY COMPANY
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ATTACHMENT 1

1. CONTAINMENT STRUCTURE DATA - MILLSTONE 3

QUESTION l.1

Provide sketches and description of the structure, materials of construction,
sequence of construction.

RESPONSEI.1

1) Sketches and Description of the Structure

The Containment Structure is a steel-lined conventionally reinforced concrete
pressurized water reactor Containment Structure. It consists of a vertical
cylindrical wall topped by a hemispherical dome supported on a flat circular mat
which is founded on bedrock. A typical section is shown on Figure 1.1-1. The
primary function of the Containment Structure is to contain radioactive fission
products in the event of an accident and provide biological shielding to the
environment,

a) Base Foundation

The base foundation slab is nominally 10 feet thick with a 157 foot diameter.
The bottom reinforcement is a rectangular grid pattern and the top
reinforcement consists of concentric circular bars combined with radial bars
arranged to permit uniform spacing of the vertical wr.Il reinforcing bars which
extend into the mat, Figure 1.1-2.

A reinforced concrete slab approximately 2 feet thick was placed over and
anchored through the liner to stiffen it against negative pressure and to
protect it from heat associated with a Design Basis Accident. This slab also
serves as anchorage and support for equipment located on the lowest level
of the Containment Structure.

b) Cylindrical Wall

The cylindrical wall is 4 feet 6 inches thick with an inside diameter of 140 feet
and a height from the top of the mat to the spring line of 131 feet 3 inches.
Penetrations are provided for piping, electrical conductors, fuel transfer tube,
purge air ducts. Acces3 openings in the structure are the 7 foot diameter
personnel access lock and the 15 foot diameter equipment hatch. The
general arrangement of the 4 foot 6 inch thick cylindrical wall reinforcement is
shown on Figures 1.1-3 and 1.1-4.

!
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ATTACHMENT 1

c) Dome

The inside radius of the 2 foot 6 inch thick dome is 70 feet. The internal
height from base mat to the center of dome is 201 feet 3 inches.

d) Steel Liner

The steel liner consists of a 3/8 inch thick vertical cylindrical portion, closed et
the top by a 1/2 inch thick hemispherical dome and at the bottom by a 1/4
inch thick mat liner. As shown on Figure 1.1-5, the liner is welded to a skirt
ring (knuckle plate assembly) that is welded to a plate which, is embedded
and anchored into the concrete mat. The floor liner plate is anchored to 7
inch by 1/2 inch continuous vertical plates. These plates are anchored to the
mat by reinforcing steel.

The function of the liner is to act as a gas tight membrane under conditions
that can be encountered throughout the operating life of the plant. The liner is
designed to resist all direct loads and accommodate deformation of the
concrete Containment Structure without jeopardizing the leak-tight integrity.

e) Internal Structure

The internal structure which provides support for the NSSS and various other
systems within the containment also rests upon the containment mat. This
reinforced concrete structure consists of a vertical cylindrical crane wall of
113 feet centerline diameter and a primary shield wall of 29 feet 6 inches
centerline diameter, as well as various other slabs and walls, see Figure 1.1-
6.

f) Ring Girder

A reinforced concrete ring girder is provided which encircles the Containment
Structure and is isolated from the containment wall by a 4 inch thick
compressible material, Figure 1.1-7. The ring girder is provided to prevent
postulated sliding of rock wedges toward the containment wall during a
seismic event. The ring girder does not interact with the Containment
Structure except that the containment mat gives vertical support for the ring
gravitational forces.

In the area of the Engineered Safety Features Building, radial walls in the
lower chambers act as struts between the ring girder and the Engineered
Safety Features Building east wali, Figure 1.1-8. Through these walls,
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|

relatively continuous support for the ring is provided around this area of the
containment.

g) Containment Enclosure Building

The Containment Enclosure Building is a cylindrical steel framed structure
with metal siding and built-up roofing which envelops the Containment
Structure above grade. It has a diameter of 156 feet and a height above
grade of approximately 166 feet, and is supported on the Containment
Structure, Figure 1.1-9 and 1.1-10. The enclosure building provides a
secondary containment which functions along with the supplementary leak
collection and release system to contain any minute leakage that might occur
from the Containment Structure after a Design Basis Accident and transport it
to a filtration system before release to the environment. The enclosure
structure also shields the Containment Structure from weather. Any rainwater
is directed to roof drainage systems and eventually collected in the site storm
drain system.

h) Waterproofing Membrane
.

A waterproofing membrane, consisting of a 1/16 inch thick butyl rubber, is
placed below the containment mat and extends up the face of the
containment wall to provide a watertight barrier between the Containment :

Structure and the 10 inch concrete layer in the foundation, and the
'

containment and subgrade in the wall areas. Below the mat the membrane is
placed on a layer of 10 inch thick porous concrete constructed with Portland
Cement Type 11, resting directly on the bedrock. Above the membrane, a 2 i

inch thick layer of protective concrete is placed with an additional 9 inch thick
i

layer of calcium aluminate porous concrete on top. The 10 foot thick '

reinforced concrete mat is placed on top of the 9 inch layer constructed of
calcium aluminate porous concrete. The membrane along the face of the
containment wall is sandwiched between two 2 inch thick layers of
compressible material as indicated on Figure 1.1-11.

During construction of the containment mat and walls, the rubber membrane
prevents leaking of water into the construction area while the 10 inch thick

|porous concrete below the membrane is used for dewatering purposes.

After construction and during operation of the containment, the 9 inch thick |
layer of porous concrete and the embedded 6 inch diameter drain pipes i

above the membrane provide a flow path to the Engineered Safety Features
Building. Any water that might exist within the membrane would be collected
through 6 inch diameter perforated drain pipes and forwarded to sumps ,
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ATTACHMENT 1

3DAS-Sump 7A & B, located in the Engineered Safety Features Building,
Figure 1.1-12.

2) Materials of Construction - Containment Mat and Below the Mat

Structural design, materials, the tests of material and the methods of testing
confirm to the following codes, standards and specifications:

a) Concrete

Proportioning of structural concrete confirms to ACI 301, Chapter 3. Concrete
mixes were of a 60-day strength of 3000 psi.

Design mix auantities of 3000 osi concrete for oumoing (oer cubic vard):

. Portland Cement, Type ll, Low Alkali, conforming to ASTM C150.. 500 lbs.

Fine Aggregate.. .........................................1115lbs..
. . . . . . . . . . . . . . . .

Coarse Aggregate, #4; confirm to ASTM C-33 . . .. . ..... .... .. . 752 lb s..
.....

Coarse Aggregate, #67; confirm to ASTM C-33..... ... ... .. ... . .1122lbs..

P e rce nt Ai r. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . .. .. 3 - 6. .. ............

Maximum Water Cement Ratio... ....... .. . . . .. ... ........... . 0.6.
. . . . . .

Maximum Slump inches.. .. . . . . . . ... .... .. . .. . . .. .. .. . . . ... .. . . . . .. ..... .. . 4.0.

b) Porous Concrete (Portland)

The 10 inch thick porous concrete placed above the rock (leveling pour).
Concrete mix 28-day strength of 1000 psi constructed with Portland Cement.

Design mix auantities for 1000 osi corous concrete for oumoing (oer cubic
vard):

. Portland Cement, Type 11, Low Alkali, conforming to ASTM C150 560.0 lbs.

Fin e Ag g reg ate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..................... Nil. . . . . .

. Coarse Aggregate #57.............. ... ....... . .. . 2670.0 lbs.. . . . . . . . . . ...

. Maximum Water Cement Ratio.. . . . . . . . . . . . . . . . . . 0. 3 84. . . . . . . . . . . . . . . . .
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ATTACHMENT 1

c) Mortar Seal Portland Based

2 inch thick Mortar Seal above the waterproofing membrane, is constructed
with Portland Cement. This mortar is also used to choke the voids on top of
the portland porous concrete.

Design mix auantities (oer cubic yardh

Portland Cement, Type 11, Low Alkali...... ........ .. . . .... . ....... .. 900.0 lbs..

Fine Agg reg ate. . ... .. ..... . . .. . .. ...... . . . . . .. .. . . . . . . .. . . . . ... . . .. .. . 2757.0 lbs..

Coarse Agg reg ate. . . . ... . . . . . . .. .... . .. .. . .. . . ... . . . . .. Nil !.
..... ...... .......

. Maximum Water Cement Ratio.. . .. . . . . . . . . . . . 0. 5 0 9. . ....................

i

d) Porous Concrete (Calcium Aluminate) ;
;

1
The 9 inch thick porous concrete placed above the 2 inch thick mortar seal. |

Concrete mix,28-day strength of 1000 psi, constructed with calcium |

aluminate cement.

Design mix auantities (ocr cubic vardh

Calcium Aluminate Cement conforming to ASTM C114.. .. .... ... 560 lbs..

Fi n e a g g reg ate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Nil.

Coa rse Ag g reg ate. . . .... . ... . . . . . . .. . . . . . . .. . . . . .. . .. ... 2670 lbs.. ......... .. .

. Maximum Water Cement Ratio (placement records show 0.32 used) 0.384

e) Mortar Seal Calcium Aluminate Based

2 inch thick Mortar Seal above the waterproofing membrane, is constructed
with Portland Cement. This mortar is also used to choke the voids on top of
the calcium aluminate porous concrete.

|
Design mix auantities (oer cubic yardh

|

Calcium Aluminate Cement conforming to ASTM C114... ........ 900 lbs..

Fine Aggregate (sand).. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 7 57. 0 lb s .
'

.

2

,

|
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ATTACHMENT 1

. C oa rse Ag g reg ate. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Nil

. Water Cement ratio........ ....... ...... . ..... . . . . . . . . . . . . . . . . . . . . . 0. 5 0 9. . . . . . .

f) Waterproofing Membrane

The waterproofing membrane is a Butyl Rubber Membrane 1/16 inch thick.
The membrane is adhered to the concrete or fiberglass surfaces, and is
protected from ongoing construction activities by the compressible
Rodofoam, the seat mortar and the protective fiberboard.

g) 6 Inch Diameter Porous Drain Pipe:

Six inch diameter porous wall concrete drain pipes are embedded in the 9.

inch thick porous concrete layer.

The porous drain pipes are manufactured by Walker Poroswall Pipe and.

are constructed of portland cement, aggregate, water and limited amounts
of sand to achieve the porosity. The six inch porous pipes are designed to
have a minimum infiltration porosity of 12 gallons per minute per linear
foot.

h) Compressible Material

Two compressible material layers,2 inch thick are placed in the 4 inch shake
space, exterior to containment wall and inside of the ring girder. The
compressible material is Rodofoam 11 as Manufactured by W. R. Grace and

,

Co. 1

3) Containment Structure Sequence of Construction

a) Excavation

Most of the major safety related structures are founded on bedrock. The
extent of excavations and backfill for major Seismic Category I structures is
shown on Figure 2.5.4-40. The boring locations are presented on Figure
2.5.4-32. Figure 2.5.4-33; north-south section A-A' looking west, cuts through
the Waste Disposal Building, Fuel Building and the Containment Structure.
Whereas Figure 2.5.4-34, east-west section looking south, cuts through the
Engineered Safety Features Building, Containment and Auxiliary Buildings. It
can be seen from these figures that these structures are founded on bedrock.
The rock in the containment area along with the lower portion of the
Engineered Safety Features Building Recirculation Pump Pit, was removed

.
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by blasting and excavated approximately to elevation (-) 39 feet 3 inches. The
various techniques of excavation and the method of blasting are referenced
in Section 2.5.4.5. of the Millstone 3 FSAR.

The inflow of water into the excavation was controlled by pumping the water
out of local sumps in the area of the Engineered Safety Features
Recirculation Pump Pit. This was possible due to the low permeability of the
soils and the tightness of the joints in the bedrock. Concrete working mais
were poured on all foundation surfaces upon excavating each area in order to
minimize the impact of construction activities on the undisturbed founding
surfaces.

For the Containment Structure, a 10 inch thick porous concrete layer was
constructed with Portland Cement, Type ll. This later served as a general
drainage media to keep the top surface dry in order to install the rubber .

membrane. On the top of the rubber membrane a 2 inch thick mortar seal
was constructed to protect the rubber membrane from the placement of the 9
inch thick porous concrete layer above. The construction sequence was as

,

follows:

1. Pour fill concrete to fill the overbreak of the rock surface on the bottom of
the excavation, and bring the surface up to elevation (-) 39 feet 3 inches.

2. Pour fill concrete to eliminate the overbreak on the vertical rock surface at
the containment mat perimeter to create a smooth vertical surface to
elevation (-) 27 feet 3 inches.

3. Pour the 10 inch thick Portland Cement porous concrete.

4. Pour a smooth mortar layer on top of the porous Portland Cement
concrete.

5. Lay the rubber membrane on top of the porous Portland Cement concrete
and glue the membrane to the vertical surface (step 2) up to elevation (-)
27 feet 3 inches.

6. Pour 2 inches of Portland Cement mortar on top of the rubber membrane.

7. Install protective board on the vertical membrane surface and install
hollow blocks to the top of the mat elevation (-) 27 feet 3 inches.

8. Install the 6 inch poroswall concrete pipe on the top of the 2 inch mortar
seal coat for the 9 inch thick calcium aluminate porous concrete layer.
Make holes in the hollow blocks to allow water to flow into the 9 inch
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,

calcium aluminate layer. Place the 9 inch calcium aluminate concrete i

! porous layer.

9. Seal the top surface of the 9 inch porous calcium aluminate concrete with
i a seal coat of calcium aluminate mortar.
|

10. Construct the 10 foot thick mat up to elevation (-) 27 feet 3 inches.
i

11. Construct the containment wall up to elevation 4 feet. Install the fiberglass
board and 2 inch Rodofoam on the outside surface of the containment

,
wall.

1

,

12. Place a 4 inch thick layer of #4 graded stone on top of the containment
mat and a polyethylene membrane on top of the stone layer. Place a 2
inch portland cement mortar on top of the polyethylene membrane.

13. Continue the installation of the butyl rubber membrane from the
containment mat perimeter over the top of the 2 inch mortar layer and up

| the containment wall to the founding elevation of the adjacent structures.
The rubber membrane is glued to the 2 inch Rodofoam outside the
containment wall. Install an additional 2 inch of Rodofoam to protect the

| vertical membrane. Place a 2 inch layer of mortar over the horizontal i
membrane surface.

14. Pour the Ring Beam on top of the containment mat between the
; containment wall (Rodofoam) and the rock surface.
|

|

iQUESTION l.2

Provide subsurface drainage arrangement, surface drainage, backfill material,

| and historical effectiveness of the drainage arrangements.

RESPONSEI.2
,

|

! 1) Subsurface Drainage
|

A substantial subsurface drainage system is provided for removal of ground
water below the major structures for Millstone 3. The drainage system consists of
perforated pipes embedded in stone trenches which are either adjacent to or
under the structures. These drainlines provide a mechanism for the water fromi

| the structure foundation area to be directed to strategically located underdrain
; sumps which are equipped with pump systems which lift the water into the yard

storm drain system. Sump No.1 is located west of the Emergency Diesel

i
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Generator Building and drains the foundation of the Emergency Diesel
Generator Building, the Control Building and the Service Building foundations.
Sump No.2 is located north of the Auxiliary Building and drains the Auxiliary
Building and Waste Disposal Building foundations. Sump No.3 is located east of
the Engineered Safety Features Building and drains it's foundation. The
Containment Structure and the adjacent Engineered Safety Features
Recirculation Pump Pit is the only structure which utilizes porous concrete as the
drainage media. A detail of the subsurface drainage system is shown on Figure -
1.1-12.

2) Surface Drainage

Surface drainage at Millstone 3 is provided by a gravity system consisting of
drainage piping and catch basins. Any surface water collecting in this drainage
system is directed and discharged into Long Island Sound through a single
drainage pipe. The immediate plant area generally consists of bituminous
pavement which has been pitched to the catch basins for collection of the
rainwater.

3) Backfill Material

Material used for structural backfill is predominantly obtained from glacial
outwash deposits. All structural backfill was processed at the borrow pit by
means of passing the soil through a screen, ensuring that the maximum _ particle
size and gradation meet the backfill specification requirements. For structural fill
in the vicinity of the safety related structures, the gradation limits are:

U.S. Standard Cumulative
Sieve Size Percent Passing

.1
l3 inches 100

3/4 inch 75 to 100
3/8 inch 65 to 90
No.10 40 to 60
No. 40 15 to 35
No.100 O to 20
No.200 O to 15

Coefficient of Uniformity, Cu = Deo/D o 210i

All structural backfill was compacted to 95 percent of the maximum dry density
determined from the Modified Proctor Test, ASTM D1557, Method D. Moisture
content was maintained within 4 percent of optimum. Structural backfill was
placed in loose lifts not exceeding 8 inches and uniformly compacted by heavy
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!

vibratory rollers. Additionalinformation on backfill can be found in Section !

2.5.4.5.2 of the Millstone 3 FSAR.

4) Historical Effectiveness of Drainage System

Historically the drainage system has performed very well. There have been
occasional minor leaks in the lower levels of the Engineered Safety Features
Building, Auxiliary Building and Control Building either during heavy rains or
when sump pumps have been out of service. These minor leaks have been i

repaired where they occurred around ductlines, which penetrate the membrane.
These repairs have essentially eliminated the leakage.

QUESTION 1.3

Provide the results of the latest inservice inspection of the Containment |

Structure, general surface, and at discontinuities. Condition of steel liner-
particularly at the junction of the basemat. Water collection from the top of the
basemat if any.

RESPONSE 1.3

1) Condition of the Containment Structure Surfaces

Inservice inspection of the Containment Structure is conducted as required by
Technical Specification 4.6.1.6.1 and 10 CFR Part 50 Appendix J prior to each
Type A leakage test. The inspection of the containment liner is conducted in
accordance with procedure SP-31119, Visual Inspection of Containment Liner. !
The inspection of the containment concrete surfaces is conducted in accordance

'

with procedure SP-31118, Visual Inspection of Accessible Exterior Concrete
Containment Surfaces. The latest inspections were performed in September
1993, prior to the Type A leakage test. The results of these inspections show
that the exterior containment surfaces and containment liner show no signs of
degradation, require no corrective a Sn, and are satisfactory to perform their
intended functions.

!

2) Water Collection from the Basemat

There is no evidence of any water at the top of the basemat. The possibility of
water in the vicinity of the containment liner an the basemat is precluded by the
containment underdrain system. As designed, this system renioves water from
the porous concrete layer beneath the containment basemat which does not
allow water to reach the elevation of the containment liner.
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QUESTION l.4

Is there any evidence of Containment settlement.

RESPONSEI.4

During the construction of Millstone 3 the Containment Structure was routinely
monitored for settlement in accordance with Stone & Webster Field Construction
Procedure 107, Settlement Monitoring. As Millstone 3 evolved from a
construction plant to an operating plant NNECO continued the settlement
monitoring for the Containment Structure in accordance with Specification SP-
CE-223, Movement Monitoring Program. These programs confirmed there was
no settlement of the Containment Structure during this period. Monitoring of
benchmarks BM18R and BM34R has been continued, BM18R and BM34R are )
located on the containment exterior wall at azimuth 322 degrees and 116

'

degrees respectively, approximately 5 feet abcve grade, see Figure 1.1-10. The
most recent monitoring data is summarized in the following table which confirms
that there has been no detrimental movement of the structure.

Date Elevation

BM 18R BM 34R

Initial (1985) 28.114' 29.077'

6/29/95 28.119' 29.083'

The indication of an increase in the benchmark elevation is well within the |

! accuracy of a survey with traverse distances required by this survey.

Additional information on settlement monitoring can be found in Section 2.5.4.13
of the Millstone 3 FSAR. |

,

!

II. HYDROLOGICAL DATA - MILLSTONE 3

QUESTION ll
,

|
Discuss the probable driving force (source and intensity) that causes the water to
flow into the porous concrete from under the containment base mat. Is the flow
of water continuous, all through the year. Is there an "artesian" condition at the ,

site. Was any investigation done to see if the geologic faults at the site may'

serve as the likely paths for the water flow below the containment base mat.

Page 11 of 22
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I

I

RESPONSE ||

!
1) Source of Water |

|

Ground water conditions were extensively studied during the site investigation
process prior to the design of Millstone 3, and during the construction of the unit

i

as discussed in FSAR Sections 2.4.13 and 2.5.4.6. The basic cross section of j
materials, from top to bottom that were found during the original site investigation |
are: soil overburden consisting of Artificial Fill, Beach Deposits, Stream Deposits;
Ablation Till consisting of glacially deposited silt and sand; Basal Till consisting of
glacially compacted sand, gravel and rock fragments; Monson Gneiss Bedrock.
Based on the site investigations and observations during construction the
permeability of the materials varies within the different layers. The bedrock has 1

lvery low permeability, this is evidenced by the fact that very little water leaked
into excavations through the bedrock, and the results of pressure tests
performed prior to plant construction. These water pressure test are summarized
in Section 2.5.4.3 of the Millstone 3 FSAR and confirmed little or no groundwater
is expected to seep through the bedrock. The Basal Till and Ablation Till are also
relatively impervious. The Ablation Till is more pervious than the Basal Till due to
the range of its material and lighter compaction. The soil overburden and backfill
placed during construction provide the path for recharge of ground water from
precipitation. This water could access the face of the Containment Structure
through backfill or other areas. Any surface water when circumventing the water
proof membrane on the Containment Structure is able to flow down the outside
wall of the Containment Structure in the space provided for this purpose.
Additional information of groundwater flow and the permeability of the site
materials can be found in Sections 2.2.4.13 and 2.5.4.6.1 of the Millstone 3
FSAR.

2) Flow Variability

NNECO has undertaken a study to investigate any correlation between flows in
the sumps from the containment foundation, and surface precipitation. Also
included in the study were tidal levels to show that there is no correlation with
this variable. For the year of 1994 several graphical plots have been developed
which show: sump flows per day for pumps 3DAS-P8A & B located in the
Engineered Safety Features Building sumps 3DAS-P7A & B; Surface
precipitation per day; and average high and low tides per day, see Figures |1.2- )
(1-5). The plots confirm there is a correlation to ground water levels and surface j
precipitation. In the spring of the year sump flows are maximum and in the '

summer months sump flows stabilize at a much lower level. The plots also |
generally show that large rainfalls are followed by increased sump flows with a !

i
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lag time of 3 to 4 days. This is consistent with expected ground water migration.

3) Artesian Conditions

| There are no known artesian conditions existing at Millstone 3. During the
! extensive site investigations, discussed in item 1 above, and during plant

| construction the permeability of the bedrock and Basal and Ablation Tilllayers i
was determined to be low, and there was no evidence of any artesian conditions.'

4) Geological Faults j
l

IExtensive investigation was conducted on the historicaljoints and foliation
surfaces at the site prior to and during plant construction. As noted in Section

,

2.5.4.6.2 of the Millstone 3 FSAR drainage pipes were installed in the inactive !
! joint at the southwest of the Containment Structure. Very little water was found to j

flow through these pipes which confirms that this joint or other joints are not a
significant source of groundwater,

,

Ill. CONSTRUCTION DETAILS - CONTAINMENT STRUCTURE MILLSTONE 3

QUESTION lli

! Provide the intended Functions, Sizes and Material Properties of: leveling mat;
rubber membrane; porous concrete; seal mortar; four inch concrete blocks;
compressible material; ribbed fiberglass sheets and perforated drain pipes.

RESPONSE 111 :

1) Leveling Mat

The function of the leveling mat is to provide a level / dry working surface for the
construction of the Containment Structure. After the completion of the blasting
required for removal of the bedrock, the remaining rock surface is somewhat
irregular and must be leveled for the Containment Structure construction to

i begin. The leveling mat is constructed of fill concrete.

|
2) Porous Concrete 10 Inch Layer'

|

| Any rainwater entering the excavation must be removed to a low point at the side
' of the excavation so it may be pumped out of the excavation to avoid any impact

on the construction activities. For this reason porous portland cement based
s

concrete was used to channel the water to the low points, which were'

intentionally located at the lowest level of the sump pits for removal of the water.

l
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:

This layer of concrete is approximately 10 inches thick and approximately 159
,

feet in diameter, with an extension in one location for the base of the Engineered
.

:

Safety Features Building. The porous concrete has a design strength of 1000 psi :

at 28 days, and is constructed of #57 graded stone, portland cement and water |
as discussed in Section 1.2.b. The top of this layer of porous concrete is sealed j
with portland cement mortar to smooth the top surface, before installing the
waterproof membrane.

3) Rubber Membrane |
|As discussed in the response to Question 1.1.h of this report the rubber j

membrane enclosing the Containment Structure below grade is provided to '

minimize the leakage from groundwater to the containment walls and foundation.
The rubber membrane is 1/16 inch butyl rubber which is adhered to vertical
surfaces with a bonding adhesive. Lap joints in the membrane are sealed using ;

butyl rubber tape with polyethylene backing.

4) Seal Mortar

The seal mortar placed directly on top of the rubber membrane is used to provide
a layer of protection for the rubber membrane to prevent damage during the
placement of the 9 inch thick layer of porous concrete. The seal mortar consists
of portland cement, sand and water as discussed in Section 1.2.c. The seal

|
mortar is placed in a 2 inch layer over the entire surface of the membrane. '

5) Porous Concrete 9 Inch Layer

The porous concrete above the butyl rubber membrane is provided as a media
for removal of rainwater which is collected inside of the Containment Structure
during the construction process. Since the Containment Structure construction is
a lengthy process, and with the encapsulating rubber membrane the water would
be trapped at the base of the structure. This porous concrete layer also provides
a media for collection of any groundwater which circumvents the rubber
membrane in the long term. The water from this media is directed via porous
concrete pipe (discussed below) to permanent sump areas in the Engineered
Safety Features Building. Since this drainage layer is intended to function for a
longer period of time porous calcium aluminate cement based concrete was
used, since it contains no free lime and is less likely that the concrete would plug |

the porous drainage layer, and this would also eliminate corrosiva attack on the
sump pumps. This layer of concrete is approximately 9 inches thick and i
approximately 159 feet in diameter, with an extension in one location for the
base of the Engineered Safety Features Building. The porous concrete has a
design strength of 1000 psi at 28 days, and is constructed of #57 graded stone,
calcium aluminate cement and water as discussed in Section 1.2.d. This layer of

Page 14 of 22
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porous concrete is sealed with calcium aluminate cement mortar to smooth the
top surface.

6) Concrete Blocks

Four inch hollow concrete blocks are provided at the edge of the 10 foot thick
Containment Structure foundation around the entire perimeter of the foundation.
The concrete blocks do not provide a structural function, but do provide an
engineered drainage path and serve as a concrete form for the edge of the
containment foundation. In the areas where the concrete blocks are contiguous
with the porous layer under the containment foundation, and at the crushed
stone layer on top of the containment foundation, the face of the blocks are
provided with holes or slots to allow the water to enter the hollow portion of the
block. The hollow concrete blocks allow for vertical passage of water down the
edge of the containment foundation into the calcium aluminate porous concrete
layer below the foundation.

7) Compressible Material

The compressible material is primarily provided to decouple the Containment i

Structure from the other structures surrounding the Containment Structure,
during a seismic event, in order to prevent dynamic coupling of the Seismic
Category | Structures. Additionally the compressible material provides support
and protection of the waterproof membrane. On the inside face of the waterproof
membrane the compressible material is used to provide a flat surface for
placement of the waterproof membrane, since the contour of ribbed fiberglass
sheet would not provide an adequate surface for placement of the waterproof
membrane. On the outside face of the waterproof membrane the compressible
material is used to protect the waterproof membrane from the subsequent
placement of the reinforced concrete ring girder. The rate of concrete placement
against the Rodofoam is limited to restrict the displacement of the Rodofoam.
The compressible material is Rodofoam Il as Manufactured by W. R. Grace and
Co.

8) Ribbed Fiberglass Sheets

The ribbed fiberglass sheets are placed against, and anchored to, the outside
wall of the Containment Structure to provide an intentional space for vertical flow
of water down the containment wall. This flow path provides a direct means for
any water which has circumvented the rubber membrane to access the top .

porous concrete layer beneath the containment foundation. |

I

J
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9) Perforated Drain Pipe

Six inch diameter perforated concrete drain pipe as manufactured by Walker
Poroswall Pipe is embedded in the porous concrete layer to channel the water to
the Engineered Safety Features sumps. The perforated pipe is installed near the
outside circumference of the foundation, Figure 1.1-12. In addition two drain
pipes are installed through the center area of the porous concrete. These drain
pipes terminate into the sumps in the Engineered Safety Features Building. The
drain pipes are constructed of portland cement, aggregate, water and limited
amounts of sand to achieve the porosity and strength. The six inch porous pipes
are designed to have a minimum infiltration porosity of 12 gallons per minute per
linear foot. The technical data on the Walker Poroswall pipe is included as
Attachment 4.

IV. SUMP INFORMATION - CONTAINMENT STRUCTURE MILLSTONE 3

QUESTION IV

Provide results of water tests from the sumps including PH, and quantities with
respect to time. Also provide the amounts of the accumulated residue with
respect to time. Identify the sources of the water received in the sumps, if any is
from other sources. Provide the sump pump capacity and sump discharge j
location.

RESPONSE IV

1) Water Chemistry Tests

Water Chemistry test have been completed for samples removed directly from
sumps 3DAS-Sump 7A & B (see Attachment 3). The results of these test are
provided below: l

Concentrations (ppm)
Description pH Sp. Conductivity (uS/cm) Cl SO NO F4 3

Sump 7A 11.8 3700 59 14 28 <0.1
Sump 78 10.3 330 7.8 2.8 1.7 < 0.1

Additional Chemistry tests of ground water samples prior to entering tt
foundation area and from sumps 3DAS-Sump 7A & B are planned.

Page 16 of 22
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2) Water Quantities in Sumps I

i

Water quantities with respect to time tabulated for the sumps have been plotted
'for the entire year of 1994. These plots are included as Figures |1.2-(3-5). The ,

total sump flows for the year of 1994 is approximately 570,000 gallons or 1500
gallons per day. Additional information on this subject is included in the response
to Question || above.

3) Quantities of Residue in the Sumps
,

| Residue has been collected since 1987. In the earlier years some of the weights
! have been estimated since actual weights were not recorded. The weights have

generally been recorded as wet weights, and recently most of the residue has
,

been dried and rerecorded as dry weight. The removal of the residue did not -

occur at the same time of each year, so that the data reported by date may be
,

i from a period that is longer or shorter than one year. The following table
summarizes the weights of the collected residue by year.

:

Year Wet Weight Dry Weight
,

; (Ib) (Ib) ,

: i

| 1987 100(2)
1988 100(2) ]

i

1989 100(2) ;
1990 100(2) :

1991 130 i

1992 202
1993 18
1994 145 "

1995 666(1)-

; 1996 - 86(3)

Total 752

(1) Total dry weight for years 1987 - 1995
,

(2) Estimated weight
j (3) Partial year

The average dry weiaht for years 1987 - 1996 is approximately 80 pounds.

1

i

|
.

!
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|
|

| 4) Chemistry of Residue in the Sumps

Chemical analysis of the residue found in the sumps was performed in 1991 and
! additional tests were completed in 1996 by ABB Combustion Engineering
| Nuclear Operations Laboratory. The chemical analysis consisted of Inductively

Coupled Plasma Spectroscopy, X-ray Fluorescence, lon Chromatc;;raphy, and
Particle analysis. A copy of the 1991 report is included as Attachment 2 and the
1996 report is included as Attachment 3. Additional testing of the water and

; sump residues is planned.

i 5) Sources of Water Entering the Sumps
|

| The Engineered Safety Features Sumps which receive water from the
!

containment underdrains also receive water from other sources within the
Engineered Safety Features Building. Floor drains within the Recirculation Spray
Pump cubicles and the Recirculation Spray Heat Exchangers equipment drains

| also are sources for water to these sumps. In addition to this, floor drains from
| the Hydrogen Recombiner equipment cubicles in the Hydrogen Recombiner
'

Building also drain to these sumps. The amount of water from these other
sources, would be intermittent and is expected to be very small compared to the
flow from the porous concrete drains. Conservatively, this flow has not been
excluded from the assumed flows from the porous concrete included in Figures
|1.2-(3-5).

6) Sump Pump Capacities and Discharge Location

Sumps 3DAS-Sump 7A & B contain Sump Pumps 3DAS P8A & B. Both these
sump pumps are rated at 25 gallons per minute at 105 feet of head. They pump
their effluent to sump 3DAS-Sump 10 which is also located within the
Engineered Safety Features Building. From Sump 10 the effluent is pumped into
the plant radioactive waste system and processed accordingly. The maximum
equivalent flow, for the peak flow of the year, per sump is 3.8 gallons per minute.

V. MILLSTONE 1 & 2

| QUESTION V

Are there any similar foundation configurations at Millstone Units 1 and 2.

RESPONSE V
l

There are no similar porous concrete foundation drainage layers at Millstone
Units 1 & 2

i
,
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VI. COMPONENT SUPPORTS - MILLSTONE 3

QUESTION VI

Provide a description of the major component (RPV, SGs, NSSS piping)
supports and their anchorage into the basemat. Also provide the condition of
the shield walls.

RESPONSE VI

The major NSSS equipment supports, which are directly anchored to the
containment foundation, are the Safety injection Accumulator Tanks and the
Neutron Shield Tank. Both these are anchored to the containment foundation
through the use of bridging bars at elevation (-) 27 feet 3 inches, the top of the
containment liner. The anchorage for the accumulator tanks consists of 2 inch
diameter anchor bolts connected to the bridging bars. The bridging bars allow for
a connection of the anchor Dolts, for the accumulator tank, on the top and
connection to the reinforcing steel below the containment liner, while maintaining
the steel liner as a sealed vessel. The neutron shield tank is of similar
construction except that the anchor bolts are 21/2 inch diameter.

The primary shield wall, steam generator support columns and cranewall
columns are the major interior reinforced concrete structural elements which are
anchored to the containment foundation. These structural elements are also
connected to the containment foundation by use of bridging bars. The vertical
reinforcing steel in these elements is connected to the top of the bridging bar,
and reinforcing steel of the foundation is connected to the bottom of the bridging
bar. The actual connections of these elements are nomina:'y 10 feet above the
porous concrete layer. Since the porous layer is functioning, as designed, to
remove the water from the containment foundation area there is no evidence of
any water from external sources on the basement floor slab of the containment
structure. A visualinspection of these areas confirms there are no signs of
degradation of any of these elements.

Vll. GEOLOGICAL. GEOTECHNICAL. AND SEISMIC ANALYSIS DATA -
MILLSTONE 3

QUESTION Vil.1

How were the spring constants determined to represent the rock, shown in FSAR
Figure 3.7B-9, used in the dynamic model of the Containment Structure.

Page 19 of 22
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|
| RESPONSE Vll.1

The stiffness of the horizontal, vertical, rocking and torsional subgrade springs |

| have been calculated based on the assumption of a rigid circular plate resting on
! a semi infinite depth of subgrade material. The stiffness values corresponding to

attached FSAR Figure 3.7B-9, are as follows:

i

7Horizontal spring KH = 8.159 x 10 kips /ft.
8Vertical spring Kv = 1.077 x 10 kips /ft.

Rocking spring KR = 4.423 x 10" kip - ft/ rad.
Torsional spring KT = 5.307 x 10" kip - ft/ rad.

The rock properties and the equations used to calculate the spring constants are
| included in Figure Vll.1-1. These constants have been extracted from calculation

12179-NS(B)-025.
iI

QUESTION Vll.2
'

Was the presence of the two porous concrete layers, with a total thickness of 19
inches, accounted for in the seismic dynamic analysis of the Containment
Building, If so, how. What are the engineering properties of the two layers
considered in the dynamic analysis.

RESPONSE Vll.2 i

!

The two porous concrete layers (19 inch thickness) were not accounted for in the j
seismic dynamic modeling of the containment structure. In the dynamic model of
the Containment Structure the 10 foot thick containment foundation is assumed
to rest directly on bedrock, and therefore dynamic modeling properties of the
porous layers were not specifically developed.

The structural properties of the porous concrete layers were originally specified
to provide an appropriate supporting material for the Containment Structure
foundation mat. These properties are included in the response to Question 1.1.
These properties provide a material with the appropriate engineering properties
for support of the design basis loads for the Containment Structure.

Vill. OTHER CONDITIONS AT MILLSTONE 3
|

l
QUESTION Vill

i
! is this method of foundation construction typical of other foundations for

Millstone 3 structures.
I
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RESPONSE Vill

The Recirculation pump pit and sumps 3DAS-Sump 7A & B in the Engineered
Safety Features Building, which is integral with the lower portion of the
Containment Structure, is founded on the same porous concrete foundation as
the Containment Structure. None of the other structures at Millstone 3, including
the majority of the Engineered Safety Features Building, are founded on a
porous concrete drainage layer. The other structures are founded on bedrock or
structural backfill as discussed Sections 3.8.4.1 and 3.7B.1.4 of the Millstone 3
FSAR.

Foundation drainage for the other structures consists of drainage pipes installed
in strips of crushed stone either directly under the foundation of the structures or
at the face of the building walls.

;

|

|

!

!

1

I
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CONTAINMENT STRUCTURE DYNAMIC MDDEL
SPRING CONSTANU ,

Kx = 32 * (1-U) * G * R I(7-8 * U);
HORIZONTAL SPRING

Ky = 4 * G * R'S / (1-U) ;
VERTICAL SPRING

Kr- (8/3) * ( G *R'S t (1-U));
ROCKING SPRING

Kt = (1613) * G * R'S ;
TORSION SPRING

,

WHERE: O = SHEAR MODULUS
R = RADIUS
U = POISSON'S RATIO

REF: DESIGN PROCEDURES FOR DYNAMICALLY LOADED FOUNDATIONS,
JOURAL OF SO!L MECHANICS & FOUNDATION DMSION,
ASCE NOV.1967 BY R.V. WHITMAN, AND F.E. RICHART.

.

.

PORMP3: .

CONCRETE MAT RADIUS R = 78'-4'

ROCK G = 205714 kaf
U = 0.4

Kx = 32'O.6*205714'78.5/(7-3.2) = 8.169E+07 k/ft

|

Ky- 4*205714*78.5/0.6 = 1.077E@ Vft

| Kr = (8/3)*205714*78.5'3/0.6 = 4.423E+11 Ur
|

| Kt = (16/3)*205714*78.5'3 = 5.307E+11 Mr

;

Northeast Utilities System
,

|
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; *
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er em on on. w
DATE y_ty-fti DATE DATE DATE

| ' "" "* FIGURE VII.H
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September 19, 1991
NCE-CH-91-099

i

TO:- G. Svider
MP3 Engineering

FROM: S NnNr
Chemistry & Materials
Berlin, V138 (Ext. 5364)

i
SUBJECT: PA 86-261, ANALYSIS OF DEBRIS FOUND IN MP3 ESF SUMPS I

I
i

Per your request a sample of the debris found in the ESF sumps has been '

analyzed. Because the sample was mildly radioactive the actual laboratory
work vas done by ABB-CE. -

When dried the sample was a homogeneous grayish-white gcanular material. Two
types of analysis were done. First, x-ray fluorescence was done to identify
what elements were present and then x-ray diffraction was done to identify how
these elements are arranged, i.e. what compounds were present. Second a
portion of the sample was tested on a CILAS Granulometre to determine the
particle size distribution. Tables 1 and 2 summarize the results of the x-ray
fluorescence and x-ray diffraction respectively. Table 3 summarizes the
requirements for the two different ' types of cement suggested as possible
sources for the debris. Table 4 summarizes the size distributien of the
particles.

;

1

The x-ray fluorescence results show that only three elements had significant
concentrations; calcium, carbon, and magnesium. The x-ray diffraction results
shown that the sample was mostly calcite, CACO 3, with a trace of iron oxide
sulfate hydroxide (green rust). Comparing these results with the requirements i
of the concretes listed in Table 3 leads to the conclusion that the debris is ,

coming from the ASTM Cll4 type cement. This conclusion is based upon:

1) concretes are the only source of calcium in this area.

2) Ca0 found in ASTM Cll4, is soluble in water at ambient temperatures.
Ca Al is insoluble in water.3

3) the debris has a trace amount of iron oxide in it.

It is felt that the debris is being generated by water flowing over or through
the concrete. Rain water is slightly acidic, pE 5-6, which vould help to
leach material from the concrete. Concrete is made of complex silicates,
aluminates and ferrates of calcium. The fact that the calcium was not found
as a silicate, etc. is not important since the leaching could have changed the
way the calcium vas complexed as could the drying of the debris.

1

|
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G. Svider !

September 19, 1991 '

MCE-CM-91-099 '

Page 2

i

The chain of events described above can be tested by immersing a small sample
of each type of concrete in water, allowing some leaching to occur and then ;

analyzing the contents of the water. Since this water von' t be radioactive i

this analysis would be straight forward. I
!

Ana' lysis of the particle size distribution shows that a 50 micron filter vill i
catch about 85% of the debris by veight. Reducing this to a 25 micron filter I
would . catch about 95% by weight of the debris. The smaller the size of the
filter the more frequently it vill need to be changed.

Please call if you wish to pursue the test described above or if there are any I
questions.

RYS:jec

attachments

cc: W. J. Briggs

M. D. Hess (MP3)
K. Lakshmipathiah

Route: J. V. Klisiewicz
M. Kupinski

|
1
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ABB
ASEA BROWN BOVERI August 2, 1991

,

MCC-91-357
Mr. Bob Schonenberg
Northeast Utilities Service Company )P. 0.. Box 270 !

. Hartford, CT 06141-0270 I
'

Subject:
Analyses Results of Cement Samples.

References: !
1. NU Purchase Order #0056582. i

Combustion Engineering, Inc., Kreisinger Development
Laboratory (KDL) Procedure No. 0104-88. ' |

3. !

Combustion Engineering, Inc., KDL Procedure No. 0105-80.4. Combustion Engineering, Inc., KDL Procedure No. 86-49.5. A. L. Tyler to M. L. Fortier,'"KDL X-Ray Laboratory Report. 1

Northeast Utilities, Millstone-3 Residue from Sump", ,

Combustion Engineering, Inc., KDL Report No. ALT 09691, July29, 1991.
6. Bateman, A. M., " Economic Mineral Deposits", Second Edition,John Wiley & Sons, Inc., 1950.
7. K. W. Johnson to M. L. Fortier, " Physical Properties of

Cement Sample from Sump", Combustion Engineering, Inc., KDL
Report No. 11512-M, July 17, 1991.

Dear Mr. Schonenberg:

1

A cement sample collected from the sump floor at Millstone Unit 3 was
submitted to ABB's Windsor laboratories for chemical analysis and physical
characterization (1). The purpose of the analysis was to identify the type of i

,

cement and to obtain a statistical particle size distribution of the cementparticles.

Tables 1 and 2 present ASTM compositional specifications for the two types of
Portland cement suggested by NUSCO as possibly representative of the sumpsample composition.

,

|*

Table 1
Cement Type 1

,

Comoound Weicht %Silicon Dioxide (510,) 20.0 (min)Aluminum 0xide(AlOj) 6.0 (max)Ferric 0xide (Fe30)
Magnesium Oxide tM 0) 6.0 (max)

6.0 (max)Sulfur Trioxide (50 ) 3.0 (max)3Loss on Ignition
Insoluble Residue 3.0 (max)

0.75 (max)
Tricalcium Aluminate (Ca A1) 8.0 (max)3

ABB Cornbustion Engineering Nuclear Power

Combueon Engnmenng. Inc. 000 H Road 7 ) 8-1911
Wndsor, ConnectoA 060954500 Teks 99297 COMBEN W50A

. .. _

_ .__ _
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Table 2 :
Cement Type 2

Comoound Weichth I

_
Al 0~

2 3 +Ca0
TiO2 42.0 (min)

38.0 (max)SiO
10.0 (max)Fe23 18.0 (max) ;

An initial inspection of the cement sample showed it to De a dry greyish-white
granular material with a homogeneous morphology, consisting of mixed sized
particles. As such, only one specimen from the sample was analyzed.>

-

Two x-ray samples were prepared from the bulk cement sample and were submitted
for both x-ray fluorescence and x-ray diffraction analysis. Both samples were
prepared by collecting the powdered mass on a filter paper resulting in a
thin, unifom, adherent sample. The samples were mounted on a lucite base and ,'

covered with an ultra thin mylar sheet. The prepared samples were then
submitted for x-ray analysis. ;

|
The cement specimen was analyzed in compliance with the referenced procedures

- |and using the following analysis techniques:
O

Semi-quantitative X-Ray Fluorescence Spectrometry (XRF) for elemental
composition and relative abundance (1). Analyses were performed using
the Siemens SRS 200 X-Ray Fluorescence Spectrometer equipped with
automated control and data acquisition systems. Counts were obtained

ifor elements having atomic numbers greater than 10. A clean Millipore
type HA filter paper was used as a blank reference for background
correction on sample count rates.

O
Qualitative X-Ray Diffraction (XRD) for compound identification (1).
Analyses were performed using the Siemens D-500 Diffractometer with data
evaluation system. The computerized powder diffraction file search
system provided the best match compounds within the constraints imposed
by input data and indicated relative amounts of those compounds present.
This technique provides for the identification of major polycrystalline
phases only. Amorphous, colloidal and microcrystalline phases are not '

distinguished using XRD.
O

CILAS Granulometre to determine the statistical particle size
distribution of the sump sample (1). A Granulometre Model 715 Particle '

Size Analyzer was used to perform the analysis. The instrument measures
i

the intensity of diffracted light and the data is processed to produce a
sixteen point particle size distribution. ;

'

t

X-Rav Fluorescence spectrometry was performed on the two x-ray samples that !

were prepared from the sump sample to identify and determine the relative
proportions of the elements present. -Results U) for both samples are

,

'

presentM in Table 3. The weight percentage calculations are based on
nomalized elemental and assumed oxide concentrations. For both samples, the

,

results are semi-quantitative.

4
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Table 1

2-ray Fluorescence Resultsi

-

Compound Sample i sample 2

Fe,0, <1.0 <1.0

CuO <1.0 <1.0

Nio <1.0 <1.0

ZnO <1.0 <1.0

Mno <1.0 <1.0

Cr,0, <1.0 <1.0

Moo, <1.0 <1.0
.

TiO, <1.0 <1.0

Pbo <1.0 <1.0

SiO, <1.0 <1.0

Al,0 <1.0 <1.03

P,0, <1.0 <1.0

SO, <1.0 <1.0

C1 <1.0 <1.0

K,0 <1.O <1.O

Ca0 54.0 54.0
,

Na,0 <2.0 <2.0

Mgo 2.0 2.0

CO, 44.0 44.0,

Note 1 - all numbers are weight %

-

,

- - - - - _ _ . - _ _ _ _ _ _ _ _ _ . _ _ _ - . _ _ _
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Table 2

Z-Ray Diffraction Results

e

Sample Calcite Iron Oxide

1 major trace

2 major trace

Table 3

Composition of Concretes 1

Compound ASTM C114 ASTM C150
Type II

SiO, 10.0 max. 20.0 min.

Al,0 6.0 max.3

Fe,0, 18.0 max. 6.0 max.
,

MgO 6.0 max.

SO 3.0 max.3

Ca,Al 8.0 max.

Ca0 38.0 max.

A1,0 +TiO, 42.0 min.3

Note 1 - all numbers is weight %

,

_ - - - - - - - - - - -



A s s sn, E A1k_a.am. m. ,_1, ,a sn a 4: e a e-

5

I

J

Table 4

Cilas Granulometre Resultsv

Particle size (microns) Weight % of sample
<1.0 .15

<1.5 .30

<2.0 .95

<3.0 1.40

<4.0 1.40 ~

<6.0 1.40

<8.0 2.05

<12.0 2.45

<16.0 3.95

<24.0 3.95
<32,0

6.75

<48.0 13.95

<64.0 19.55

<96.0 38.80

<128.0 0

84.65

>128.0 15.35
i

:

.

| +

!

!

4 ,

I

!

}

! |
|

;
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Table 3
. X-Ray Fluorescence Results

,

Weicht Percent-
-

Comoound Samole 1 Samole 2Fe
Cuo,03 < 1.0 < 1.0

< 1. 0 < 1.0Ni0 < 1.0 < 1.0Zno < 1.0 < 1.0MnD < 1.0 < 1.0Cr 023 < 1.0 < 1.0Mov
3 < 1.0 M .0TiO
2 < 1.0 ' < 1.0Pb0 < 1.0 < 1.0 l

,

SiO < 1.0 < 2.0 lA123 < 1.0 < 1.0
P < 1.0 < 1.025
Su < 1.0 < 1.03
C1 < 1.0 < 1.0K0 < 1.0 < 1.0C$0 54.0/ 54.0 -Na
Mgo,0 <2.0f < 2.0

2.0 2.0CO 44.0 / 4

2 44.0 |

Analysis results indicated that the major constituent in both samples was
calcium (54% expressed as the assumed oxide) and carbon (44% expressed as the
assumed oxide). Magnesium was the only other element present at levels above
the detection limit of the equipment. Several other species were detected intrace quantities.

X-Rav Diffraction scans were performed on both of the subm'itted x-ray samplesand the findings are summarized in Table 4. Analysis results (1) are
illustrated in the diffraction scans shown in Figures 1 and 2. Evaluation of
the diffraction data reveals that both samples contain calcite, with trace
amounts of iron oxide sulfate hydroxide (green rust), or a similar phase.

,

Table 4
!X-Ray Diffraction Results
|

CaC0 Fe *6Fe0*g(0, OH, 50
Iron 0xide Sulfate Hydfo)!ideSamole Calcike 3

1 Major Trace
i2 Major Trace '

Portland cement is made by calcining a-finely 1round mixture of about 75%
calcium carbonate, 25% clay like minerals (silica, alumina, and hematite), and
5% magnesia (1). The calcining releases carbon dioxide, and the remaining
constituents combine to form complex silicates, aluminates, and ferrates of



_.

calcium, which in turn break down to form other compounds. Tricalcium and
dicalcium silicate and tricalcium aluminate are the chief constituents in aPortland cement. !

'

The XRF results show that there only trace quantities of aluminum and silicon
present 'and large quantities of calcium in the sample.

4he major polycrystaline phase is calcium carbonate with no evidence ofXRD results show that. rcalcium complexes. i

Based on these results, the sample submitted to ABB was
!concluded to be neither of the two types of Portland cement suggested. The x- '

ray results even challenge the claim that the sample is a Portland cement.
i

CILAS Granulometre Analysis was used to determine the particle size
Idistribution of the sample. The sump sample was placed in the Cilas

granulometre and the analysis was' performed even though a small percentage of
J

the particles were known to be larger than 180 microns. The results ;

the granulometre analysis are presented in Table 5. The data were con (1) from
i

verted |into graphical form and is presented in Figure 3 for the Millstone-3 sumpcement sample.

The granulometre results show that most of the sample has particle sizes |

larger than 96.0 microns, but 84.65% of the sample has particle sizes smaller i

than 128.0 microns. Only 15.35% of the sample however has particle sizeslarger than 128.0 microns.
sizes between 96.0 and 128 microns.Most of the sample was found to have particle

-

Table 5.
Cilas Granulometre Results

Particle Size (microns) Weicht % of Samole< 1.0 0.15< 1.5 0.30< 2.0 0.95< 3.0 1.40< 4.0 1.40 I< 6.0 1.40< 8.0 2.05< 12.0 2.45< 16.0 3.95 '

< 24.0 3.95< 32.0 6.75< 48.0 13.95< 64.0 19.55< 96.0 38.80<128.0 84.65>128.0 15.35

If you have any question or comments concerning these results, please feelfree to contact me at your convenience.
3863. My telephone number is (203) 285-

.b-
PEH/peh P. E. House
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Figure 1. X-Ray Diffraction Studyj Millstone-3 Sump Sample 1
i
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Figure 2. X-Ray Diffraction Study
Millstonee3 Sum.o Sample 2
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Figure 3.
Cilas Granulometre Results90 - -Millstone-3 Sump Sample
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OEE
JMEDED

Mr. David Dakers July 9,1996
Northeast Nuclear Energy Co. PENG-96-370
Millstone-3 Station
P. O. Box 128
Waterford, CT 06385

1

Subject: Analysis Results of Millstone-3 Containment Sump and
Mockup Samples

Reference: 1) Verbal Request, D. Dakers (MP-3) to S. Lurie (ABB CE)
June 29,1996

;

2) " Analyses Results of Cement Samples", P. House (ABB CE)
to B. Schonenberg (NUSCO), ABB CE letter report MCC-91-
357, dated August 2,1991

'

Dear Mr. Dakers:
~

Based on your verbal request on June 29,1996 and subsequent telephone )
discussions, ABB CE is pleased to report the analysis results of samples removed from
the Millstone-3 containment sump and Unit-3 mockup samples. This report provides
the analysis results of these samples, analyzed for elemental content by inductively
coupled plasma (lCP) spectroscopy, x-ray fluorescence (XRF), ion chromatography and
particle size analysis. The report describes the analysis methods used, the analysis
results and a brief discussion of results. Details of the particle size analyses are also
included as an appendix to this report.

Backaround
On June 29,1996, ABB CE was contacted with a request to perform chemical analyses
of material obtained from the Millstone Unit 3 containment sump. Reference was made
to work performed by ABB CE in 1991 (Reference 2) in which analyses were performed
to compare residue removed from Millstone Unit 3 containment sump to the types of
cement used beneath the Unit 3 containment. The request for analysis work on June
29,1996 was to perform a similar type of analysis on containment samples recently
obtained.

The samples requested to be analyzed arrived at ABB CE's Windsor Site
approximately 5:00 p.m. on June 29,1996 and were receipt inspected by ABB CE's
health physics department. Following the receipt inspection and surveys, the samples
were tumed over to the Combustion Engineering Nuclear Operations (CENO)
laboratories for analyses.

ABB Combustion Engineering Nuclear Operations
2000 Day Hill Road

Windsor, Connecticut 06095



4
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PENG-96-370 page 2

Samples Received
ABB CE received samples from Millstone-3 identified as follows:

Sample Sample Descnobon Condition on Receipt

1., A&C Sump 7A-34 liguid
2 B&D Sump 78-34 liquid
3 Pump Side Sump 7A O/S Wier wet solid
4 Ground Water Side Sump 7A I/S Wer wet solid
5 Sump 7B taken from drum wet solid
6 Basement Mockup Sample from U3 dry solid

ICP Analyses

Samples 1 through 6 were analyzed for cation elemental content using a Fisons ARL
3560 AES Inductively Coupled Plasma Spectrometer. The wet samples wwre first
divided, by approximate volume into two vials for the direct sohds analyses by acid
digestion (0.1g sample size) and the second for DI water leach (1.Og sample size). The

4
j samples were then dehydrated by rmerowave evaporation during the early evening of
j June 29,1996. Dryness riiteria was established by obtaining two successive sample
i weights in close agreemer.t. Following dehydration, the samples for direct solids
i analysis were digested in a mixture of ultrapure HNOz, H2O2 and hcl using EPA
! Method 3050, Acid Digestion of Sediments, Sludge, and Solids. The water leach
i samples were prepared by exposing known weights of material to a known mass of
i dominerakzed water and analyzing the water phase. The liquid samples were -

| analyzed, as received.
.

! The analysis results of the solid and water leach samples are provided in Tables 1 and
1 2.

TABLE 1
j| ICP RESULTS
1

ACID DIGESTED SAMPLES (ppm)
!

| Samole Description .Ba Mg Al Ga Za Gu
1 3 Sump 7A CVS Wier 15.5 128.9 65954.9 263996.0 28.2 241.6

6 Basement Mockup 7.6 118.4 70827.6 256040.7 17.6 193.8

! 5 Sump 7B 25.4 510.5 51743.1 305834.8 34.2 226.5

j 4 Sump 7A l/S Wier 65.0 187.5 30161.1 308483.4 28.5 262.5

j 1 A&C Sump 7A-34 0.18 0.065 1.510 413.62 0.01 0.311

j 2 B&D Sump 7B-34 0.01 0.07 11.617 3.196 0.00 0.01

I en f3t Gn H! Mr1 En
3 Sump 7A O/S Wier 0.8 94.3 4.1 55.5 43.9 3350.2

,

6 Basement Mockup 1.5 96.2 4.5 6.9 1.5 78.5*

{ 5 Sump 7B 0.5 71.9 4.5 32.4 44.9 3517.3

! 4 Sump 7A l/S Wier 5.3 52.1 2.5 80.6 76.1 4318.8

| 1 A&C Sump 7A-34 0.00 0.00 0.00 0.00 0.00 0.01

2 B&D Sump 78-34 0.01 0.023 0.012 0.00 0.00 0.00
]

GI E R U M
:
' 3 Sump 7A O/S Wer 25.7 84.4 6495.2 3.1 7.0

; 6 Basement Mockup 18.4 53.3 94.8 16.6 6.5
5 Sump 7B 33.1 146.5 5152.9 1.2 5.7

.

j 4 Sump 7A 1/S Wer 118.6 94.2 4050.5 6.7 4.9
1 A&C Sump 7A-34 0.00 0.039 0.028 0.065 0.00
2 B&D Sump 7B.34 0.003 0.062 1.572 0.027 0.00

!
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TABLE 2I ICP RESULTS,

i WATER LEACHED SAMPLES (ppm)

SamDie Descrintion ,Ba Mg el Ga Zn Gl! j
. .

3 (waterleach) Sump 7A O/S Wier O.2 6.7 2887.5 9438.9 0.1 11.7 1

4255.3' 9330.3'

6 (water teach) Basement Mockup 0.1 3.9 3329.1 6018.6 0.1 4.9
3999.2' 5913.5'

5 (water leach) Surnp 7B 0.5 7.5 3366.1 7248.6 0.2 8.4
2885.3' 7181.0'

4 (water leach) Sump 7A l/S Wier 1.9 41.4 8259.9 15560.0 0.7 18.0
8818.2' 15531.0'

en Eh Gn Mi Mn Em

3 (waterleach) Sump 7A O/S Wer 0.3 7.1 0.6 0.8 0.1 0.3

6 (waterleach) Basement Mockup 0.2 6.1 0.5 0.7 0.1 0.1

5 (water teach) Sump 7B 0.6 6.8 0.5 1.3 0.0 1.0

4 (water leach) ' Sump 7A l/S Wier 4.5 28.0 2.0 8.8 0.9 15.0

Gr E B Lt Gd

3 (water leach) Sump 7A O/S Wier 0.2 3.3 3941.8 2.5 0.6

6 (water leach) Basement Mockup 1.9 0.3 0.2 0.8 0.3

5 (water leach) Sump 7B 1.3 4.9 3520.6 9.8 0.6

4 (water leach) Sump 7A l/S Wier 7.4 15.0 4341.5 6.4 3.1
;

|

lon Chroms*=aohv Analyses
|Samples 1 and 2 were analyzed for pH, spec; Tic conductivity and for anion content by
{lon chmmatography, using a Dionex Model 16 lon chromatograph. The results are

shown in Table 3.

TABLE 3
|

pH, SPECIFIC CONDUCTIVITY AND ION CHROMATOGRAPHY RESULTS |

Concentrations (ppm)

Samole Description p3 So. Cond (uS/cm) Q SQ4 NQa E

1 A&C Sump 7A-34 11.8 3700 59 14 28 <0.1

2 B&D Sump 7B-34 10.3 330 7.8 2.8 1.7 <0.1

X-Ray Fluorescence Results
Samples 5 and 6 were prepared for x ray fluorescence analyses using a
dispersion / filtration technique to produce a thin, uniform solid sample. The samples
were then mounted on a lucate base and covered with an ultra-thin mylar sheet. The x-
ray analyses were performed using a Siemens SRS 200 X-Ray Fluorescence
Spectrometer equipped with automated control and data acquisition systems. Counts
were obtained for all elements having atomic numbers greater than 10. Results were
obtained for an elements with an abundance by mass greater than 0.1%. All results are
standardized to the chemical forms indicated and the results of the analysis are
normalized according!y. Table 4 provides the x-ray fluorescence analysis results.

' Values achieved followmg filtration through a 0.2 um filter to remove colloidal matter

_ _ . . - _. . _ _ _ _ _ _ _ __
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TABLE 4 ;

X-RAY FLUORESCENCE RESULTS |

US Basement Mockup Sump 7B Drum
- ComDonent Concentration. Concentration.

Ca0 43.4 % 43.3 %
Al O3 17.5 % 10.9 %2

Fe2O3 0.1 % 1.8 %
0.2 % 0.2 %SiO2

Na2O 0.1 % 0.1 %
Zno 0.1 % 0.1 %

WO3 10-1 % 10-1 %
P20s <0.1 % 0.1 %
GrgQa 0.1 % <0.1 %
Total 61.6 % 56.7 %

Particle Size Results
An aliquot of the same samples analyzed by x-ray flucrescence were also analyzed for
particle size distribubon using a CILAS Granulometre, Model 715 Particle Size
Analyzer. This instrument measures the distnbubon of particle sizes proportional to the
intensity of scattered light as a function of parbcle size. The results are reported as the
cumulative percentage of sample mass found to exceed each incremental step of

~

particle size diameter, beginning with a diameter of 0.1 micron and andmg with a
diameter of 500 microns. Results are tabulated in Table 5. Graphical illustrations of
the parbcie size frequency distribubons are included with the raw data in the Appendix.

A comparison of results indicates a smaller particle size in the U-3 mockup sample
compared to the sump sample. Overall, particle sizes in the mockup sample were <110
micron with a median diameter of 19 microns. The sump 7B sample was found to have
particles up to 400 microns and a median particle size of 39 microns. These j

observations were consistent with the visual appearances of the two samples. The ;

rnockup sample appeared to be a uniform powder-like material whereas the sump I

sample was somewhat more granular and normniform in appearance, including flecks
i of dark material. Also, it was found that the sump material was somewhat more

agglomerated than the mockup semple and required processing through a 30 mesh
sieve prior to analysis in the granulometer. This tendency may have caused the sump
sample results to trend toward larger particle sizes compared to the mockup sample.

|
|

!
;

!

*

_ _ _ _ _
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|
' TABLE 5

ClLAS PARTICLE SIZE ANALYSIS OF DRIED SUMP PARTICULATE
5

.
, . SAMPLE ID: BASEMENT MOCKUP 78 DRUM

I
MEDIAN SIZE (uM): 19.34 38.57

i

DIAMETER g 10%
UNDERSIZE (uM): 5.1 7.18

DIAMETER @ 90%
UNDERSIZE (uM): 54.97 118.11

MICRON WElGHT % UNDERSIZE WElGHT % UNDERSIZE
DIAMETER BASEMENT MOCKUP 7BDRUM

0.1 0.0% 0.0%
0.2 0.0% 0.0% .

.

0.3 0.0% 0.0% !

0.4 0.0% 0.0%
0.5 0.0% 0.0% ;

O.6 0.0% 0.0%
0.7 0.1 % 0.0%
0.8 0.3% 0.1% !

0.9 0.5% 0.3%
1 0.8% 0.5%

1.1 1.0% 0.7%
1.2 1.2% 0.9%
1.3 1.5% 1.1%
1.4 1.7% 1.3% t

1.5 1.9% 1.5%
'

1.6 2.1 % 1.7%
1.7 2.3% 1.9%
1.8 2.5% 2.1 % :

!

2 2.9% 2.5%
2.2 3.3% 2.8%
2.4 3.7% 3.2%
2.6 4.0% 3.5%

2.8 4.4% 3.8%
3 4.8% 4.1%

3.2 5.2% 4.5%
3.4 5.7 % 4.8%
3.6 6.1% 5.1%
3.8 6.6% 5.5%
4 7.1 % 5.8%

4.3 7.9% 6.2%
4.6 8.7% 6.7 %

5 9.7% 7.3%
5.3 10.5% 7.7%
5.6 11.4 % 8.1 %

6 12.4% 8.6%
6.5 13.8% 9.2%
7 15.1 % 9.8%

;
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MICRON WEIGHT % UNDERSIZE WElGHT % UNDERSIZE
DIAMETER BASEMENT MOCKUP 7BDRUM

7.5 16.5% 10.4%
8 17.8% 10.9%

l 8.5 19.2% 11.5 %
! - 9 20.7 % 12.1 %

10 23.6 % 13.2% i

11 26.5 % 14.3 %
12- 29.4 % 15.4%
13 32.4 % 16.5 %
14 35.3 % 17.6%

, 15 38.2 % 18.8%
! 16 41.1 % 19.9%
j 17 43.8 % 21.0 % |
| 18 46.5 % 22.1 %

19 49.1 % 23.2 %
20 51.6% 24.4 %

21-5 55.2 % 26.2 % -

.

23 58.6 % 28.2 %
24.5 61.7 % 30 2 %
26 64.6 % 32.3 %
28 68.1 % 35.2 %
30 71.3 % 38.1 %

,

32 74.1 % 41.1 %
34 76.5 % 43.9% ,

36 78.6% 46.7 %

| 38 80.4 % 49.3 %

|
40 82.0 % 51.8 %
43 84.0 % 55.3 %'

46 85.7 % 58.4 %
50 87.8 % 62.2 %

l 53 89.1 % 64.8 %
! 56 90.4 % 67.1 %

! 60 92.0 % 70.0 %

! 63 93.1 % 72.0 %

| 66 94.2 % 73.5% ;

! 70 95.4 % 75.9% |

; 75 96.7% 78.3 %
80 97.7 % 80.4 % |

'

l85 98.5 % 82.3 %
90 99.1 % 83.9 %
95 99.5 % 85.4 %

l 100 99.8 % 86.7 %
110 100.0 % 88.8 %
120 100.0 % 90.3 %
130 100.0 % 91.4 %
140 100.0 % 92.2 %
150 100.0 % 92.9%
160 100.0 % 93.5 %
170 100.0 % 94.0 %
180 100.0 % 94.5 %
190 100.0 % 95.0 %;

i 200 100.0 % 95.5 %
210 100.0 % 95.9 %'

1

|

|
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MICRON WElGHT % UNDERSIZE WEIGHT % UNDERSP.E
DIAMETER BASEMENT MOCKUP 7BDRUM

220 100.0 % 96.4%
240 100.0 % 97.3 %
260 100.0 % 98.1 % I

. 280 100.0 % 98.7 %
300 100.0 % 99.2 % |

|,
330 100.0 % 99.6% '

360 100.0 % 99.9 % !

| 400 100.0 % 100.0 % |
I430 100.0 % 100.0 %
'460 100.0 % 100.0 %

500 100.0 % 100.0 %

Discussion of Results i

The elemental analyses performed independently by ICP and XRF on the solid I

samples are in good agreement. The major elements present are calcium, aluminum
and iron. Except for a small variation in percentage composition, comparing the ICP to

i

the XRF results, it was noted that a small quantity of iron was found in the sump ,

'

I. sample 7B (sample 5) whereas iron was found below 1% in the Unit 3 Mockup sample;

(sample 6) by both methods.'

The anson analyses of samples 1 and 2 show that chloride, sulfate and nitrate were
present in measurable quantities. Some carbonate was also believed to be present,
based on the observabon that both samples 1 and 2 effervesced upon exposure to a

|
|

drop of hcl. The higher pH in sample 1 (11.8) compared to sample 2 (10.3) also
| correlates with the additional calcium found in sample 1 (413 ppm) compared to sample
| 2 (3 ppm). The elevated pH also suggests that the calcium was mostly in an alkaline

chemical form (CaO, Ca(OH)2) vs. a neutralized form (CACO ).'

3

The x-ray fluorescence results do not account for the possible presence of CO3 in the
samples ( most likely as CACO ). Any CaO originally present in the material would be3,

| expected to undergo partial to complete conversion to CACO upon exposure to2

aerated water. A simple chemical test was performed on both samples analyzed by
XRF whereby each sample effervesced upon exposure to a drop of HCI, indicating the
presence of carbonate Had the XRF results included CO3 n calculated amounts (COsi
is assumed to be stoichiometrically equal to Ca), without further normalization, the total i

quantities of material would calculate to between 90 and 95% accountability Further j

,

normalization to 100% accountability would therefore indicate an upward adjustment in !

|
the reported results of 5-10% relative abundance of the reported species.

!

The water leach analyses obtained by ICP on samples 3,4,5 and 6 showed that both
calcium and aluminum were leached from the solid samples, but at concentrations

! below 1% (with the exception of calcium leached from sample 4 at approximately
l 1.5%).
t

Conclusions
The overall results show that the elemental analyses of samples of solid material
obtained from the Millstone-3 containment sump are in good agreement with the same
analyses performed on the solid material from the Unit 3 basement mockup.

,

,

!

. - _ - - - - - - _ _ - _ . .
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Differences in the particle size distributtn, comparing the sump sample to the U-3
mockup sample are most likely due to differences in the duration and the chemical
nature of the water environment to which these solid materials were exposed.

Should you have any questions or would like any additional information, please do not
hesitatie to contact me at (860) 285 9263 or by FAX at (860) 285 3253. Thank you for
the opportunity to provide our analytical services to Northeast Nuclear Energy Co.

Sincerely yours,
ABB COMBUSTION ENG_INEERING NUCLEAR OPERATIONS

7 .

N
Stephen W. Lurie
Supervisor, Materials and Chemistry

!cc- R. Whipple
E. Silva
J. Klisiewicz (NUSCO)
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ANALYSIS RESULTS OF MILLSTONE-3 CONTAINMENT SUMP
AND MOCKUP SAMPLES ,

,

PARTICLE SIZE ANALYSIS RESULTS

-

i

. !

| !

|

|

:
|
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'Grcnulometer 1064 number 71
Vareion V 3.24x
Fils name : C:\CILAS\ DATA \M0788.MES
07/03/1996 12:58:58

Sample :-6-0788-M

! Liquid : H2O |

| Ultrcsonic mixer : 60 s. / Dispersing agent : CO660/990
Comment : BASEMENT MOCK UP

! Ucer name : CET
Pltnt : ABB PPL CAS
Pltc3 : MILLSTONE l

Conc 1ntration : 104
l !

Median size : 19.34 mu |
'

| Diameter at 10.0 % : 5.10 mu
Diameter at 90.0 % : 54.97 mu
Cumulat. at100.00 mu : 99.77 % Shape factor : 1.000
R cults : Weight distribution / Undersize

D 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
C% 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.3 0.5 0.8

I D 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 2.0 2.2 -

C% 1.0 1.2 1.5 1.7 1.9 2.1 2.3 2.5 2.9 3.3

D 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.3
C% 3.7 4.0 4.4 4.8 5.2 5.7 6.1 6.6 7.1 7.9

D 4.6 5.0 5.3 5.6 6.0 6.5 7.0 7.5 8.0 8.5 3

C% 8.7 9.7 10.5 11.4 12.4 13.8 15.1 16.5 17.8 19.2

D 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0
C% 20.7 23.5 26.5 29.4 32.4 35.3 38.2 41.1 43.8 46.5

D 19.0 20.0 21.5 23.0 24.5 26.0 28.0 30.0 32.0 34.0
C% 49.1 51.6 55.2 58.6 61.7 64.6 68.1 71.3 74.1 76.5

D 36.0 38.0 40.0 43.0 46.0 50.0 53.0 56.0 60.0 63.0
C% 78.6 80.4 82.0 84.0 85.7 87.8 29.1 90.4 92.0 93.1

D 66.0 70.0 75.0 80.0 85.0 90.0 95.0 100.0 110.0 120.0
C% 94.2 95.4 96.7 37.7 98.5 99.1 99.5 99.8 100.0 100.0

r
D 130.0 140.0 150.0 160.0 170.0 180.0 190.0 200.0 210.0 220.0
C% 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

D 240.0 260.0 280.0 300.0 330.0 360.0 400.0 430.0 460.0 500.0
C% 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

i

|

.
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Grs.nulometer 1064 number 71 i

Varsion V 3.24X !

File name : C:\CILAS\ DATA \M0788.MES j

07/03/1996 12:58:58 )
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Granulometer 1064 number 71 |
,

! Varcion V 3.24x
Fils name : C:\CILAS\ DATA \MO789.MES
07/03/1996 13:15:58

Sample - - : 6-0789-M ( E rev e d - 53 0 m)

Liquid : H2O
Ultrasonic mixer : 60 s. / Dispersing agent : CO660/990 !

l

Comment : 7B DRUM j

Urer name : CET j
Plant : ABB PPL CAS
Pitce : MILLSTONE |

Concentration : 35 i

I

M;dian size : 38.57 mu |
Dicreter at 10.0 % : 7.18 mu

!Ditmeter at 90.0 % : 118.11 mu
Cumulat. at100.00 mu : 86.68 % Shape factor : 1.000
Rrsults : Weight distribution / Undersize ,

i

D 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

|
C% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.3 0.5

~~
D 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 2.0 2.2
C% 0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.1 2.5 2.8 j

D 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.3 i

C% 3.2 3.5 3.8 4.1 4.5 4.8 5.1 5.5 5.8 6.2 !
!

D 4.6 5.0 5.3 5.6 6.0 6.5 7.0 7.5 8.0 8.5
C% 6.7 7.3 7.7 8.1 8.6 9.2 9.8 10.4 10.9 11.5

D 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0
C% 12.1 13.2 14.3 15.4 16.5 17.6 18.8 19.9 21.0 22.1

D 19.0 20.0 21.5 23.0 24.5 26.0 28.0 30.0 32.0 34.0
C% 23.2 24.4 26.2 28.2 30.2 32.3 35.2 38.1 41.1 43.9

D 36.0 38.0 40.0 43.0 46.0 50.0 53.0 56.0 60.0 63.0
C% 46.7 49.3 51.8 55.3 58.4 62.2 64.8 67.1 70.0 72.0

|

D 66.0 70.0 75.0 80.0 85.0 90.0 95.0 100.0 110.0 120.0
I

C% 73.8 75.9 78.3 80.4 82.3 83.9 85.4 86.7 88.8 90.3
!

D 130.0 140.0 150.0 160.0 170.0 180.0 190.0 200.0 210.0 220.0 !

C% 91.4 92.2 92.9 93.5 94.0 94.5 95.0 95.5 95.9 96.4

D 240.0 260.0 280.0 300.0 330.0 360.0 400.0 430.0 460.0 500.0
C% 97.3 98.1 98.7 99.2 99.6 99.9 100.0 100.0 100.0 100.0

|
|

|

!

!

!

!
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Granulometer 1064 number 71
Vcreion V 3.24x
Film name : C:\CILAS\ DATA \M0789.MES
07/03/1996 13:15:58
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* POROSWALL UNDEADRAIN PIPE
i
j
i

RECOMMENDED INSTALLATION

: TYPICAL CROSS SECTION
1

q Back Fd!

] . , .

optional
Material

1 .a * * * . * * *.

| y *y**.: .
.'

>

*.. . .j; 6 e . .

* * I * Recommended backhli -*
. .

d b *
stone or gravel aggregate - no*

i *6 O less than 65% passmg thru a
. . se .c,een .,-o.ned, ,e. e

$,, ,
* * * *Note porous texture of concrete and detail of slip )oint, made of a , , . , g,,

,.. h * .$j solid concrete. Requires no wrapping or mortar when joined. .* cesswa fines

*
j Commercially known as 3/8* g ovel or stone

For Best Results We Advise The use of The Porous Backfill specified Above.

advantages
,

I * POROSWALL UNDERDRAIN PIPE is the only drain pipe spe- * POROSWALL drainage pipe is the fastest drainage medium
'

cifically designed and manufactured for use in underdrainage known to the engineenng and architectural professions.
'

and exfiltration. lt is not an adaption or modification of an existing * POROSWALL accepts more infiltration per square foot of sur-
all purpose pipe. POROSWALL is porous for its entire length and face and can be laid with minimum grades needed to reach an
circumference. Manufactured with the finest Portland cement, outfall.
basaltic trap rock and sand it achieves its unique porosity through * Dirt and other solids cannot clog POROSWALL because of its
thousands of minute channeis too small to allow the passage of unique porosity. It does n_ot need a specially wrapped or mor-o
anything but water. The manufacturing process was developed tared joint or filter cloth.
over fifty years ago. * POROSWALL used with foundations assures dry basements in

Because of its porosity POROSWALL is the only underdrain homes and industrial buildings.
pipe which can be used with a fine graded filter. Elimination of * installed under floors, POROSWALL prevents break up caused
large voids in backfill aggregates prevents water from carrying by excessive hydrostatic pressure.
clogging particles of soil to the installed pipe. * POROSWALL CAN BE USED TO DISSIPATE WATER

Designed with a self-sealing slip joint which does not require WHERE THERE IS NO OUTFALL,
mortar or wrapping of any kind POROSWALL UNDERDRAIN * Eliminates need for cleanouts when properly installed.
PlPE, both under prolonged use and impartial test, has less ten- * The concrete used in making POROSWALL improves with age
dency to clog than any other drain tile on the market today. Upon unlike synthetic pipes which have a relatively short life span."

request we will gladly send you a reprint of the results of U.S. Gov- * Unlike plastic pipe, POROSWALL does not flex. Bong of
ernment tests by the U.S Army Engineers giving first place in concrete, a cleaning augur will not damage POROS'I<ALL.
non-clogging characteristics to POROSWALL Underdrain Pipe. * Cannot be destroyed by termites, moles and other rorients.

: * Porous pipe is more efficient and therefore smaller diameters can |
colves drainage problems be specified. |

'

Manning N Factor

* POROSWALL Underdrain Pipe is especially recommended for .012 Smooth Concrete Pipe .016 Poroswall

handling drainage and environmental problems in the following: .024 Corrugated Metal c: Diastic Pipe

Extra Strength PCiROSWALLAIRPORTS COMMERCIAL INSTALLATIONS
FLOOD CONTROL PROJECTS PARKS & REACREATION AREAS'

FOUNDATION DRAINAGE RETAINING WALLS * POROSWALL is manufactured in EX"RA STRENGTH to meet
$ " "8

F COURSE AT CO lON the growing demand for underdrain pipo combining the effective- ,

'

HIGHWAYS AND ROADS WATER TREATMENT PLANTS ness of POROSWALL and the crusbng strength of reinforced
b Concrete pipe. EXTRA STRENGTH is available in 6* to 18" intern-F L USE ARI S

HOUSING DEVELOPMENTS RAILROADS al diameters locludvely. The Mfiltration factor has been main-
tained at the standard FOROSWALL rate.

Federal State, Municipal and private engineers and arch.t- POROSWALL EXTRA STRENGTH solves the problem of the, tects as well as other recognized authorities are specifying engineer or architect who needs the efficiency of POROSWALL
POROSWALL Underdrain Pipe for permanent, rapid and eco- plus extra strength under roads, in deep trenches or other pro-
nomical drainage wherever excessive ground water is a problem. jects where additional crushing strength is an important factor.

Modern ecology calls for the recharging of underground water No longer is it necessary to use inefficient open joint or perforated
bearing stratas wherever possible. Surface water carned away in p pe for these purposes. Ask for data on installation depths. Espe-,

solid pipe eventually ends up in the oceans. cially useful as a combination underdrain.
Used as a combination underdrain for the disposal of surface , POROSWALL EXTRA STRENGTH exceeds in strength the

water, POROSWALL returns a large percentage of the surface ASTM C76 Class lit specification for reinforced concrete pipe.
water to the ground below its invert.

,

In recent years POROSWALL has been used to vent methane adViSOrV SerViCO
and radon gases from sub surface areas. *

None of the material used in the making of POROSWALL is in The Company maintains an advisory service to consult with en-
short supply at this time or will be in the foreseeable future, and gineers and architects in the design of efficient drainage and water
does not require any petroleum products. collection systems. This service is free and without obligation.

1
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To order fittings not shown here,

please furnish doagrarns showing WYES
TEES alldimensions and posttoonong or

tongues and grooves.

When you specify the use of porous concrete underdrain pipe, the major portion of field inspection is eliminated.
Designed and manufactured for underdrain use only, POROSWALL PlPE features a closed joint and complete
porosity for its entire length and circumference. Because of complete porosity it can be laid almost level. I

It is not a solid pipe modified by perforations. All of these features combined make for long-lived underdrainage.
The manufacture of POROSWALL requires more cement than solid pipe eliminating breakage in handling unie.ss

abused.
We recommend outright specification of porous concrete pipe using ASTM C.654 or AASHO M.176. The use

of a wide open specification almost always results in the use of the cheapest of the alternates, thereby
downgrading your design of an efficient underdrain system. We carry a complete stock of all sizes and use a
standard price list which only varies as to destination. Specify POROSWALL and you ean forget underdrain
problems when installed as recommended on opposste page.

Filter Cloth is not needed when POROSWALL is properly installed with recommended backfill material. If |
filter cloth is used it should also be protected by filter material on its outer perimeter to prevent its being
clogged.

Only POROSWALL should be used in tunnels and confined spaces because it is fireproof, or when in
proximity to fuel storage.

There is some evidence that plastic pipe releases substances harmful to sub surface water.

when underdrainage problems
are critical nothing will do WALKER

- ~

'but POROSWALL POROSWALL PIPE .

t. b
Walker POROSWALL works as an underdrain under adverse St Il functioning ,.), , y,-*

conditions long after other underdrain pipes have failed. As as an underdrain 4.f9 .,r,
'

shown at right, POROSWALL pipe will continue to function as an Silt 'I' N 2
. * Iunderdrain een if partially filled with sitt. Perforated pipe wi!! fail *

as soon as the perforations in the lower third are covered.
When using underdrain other than POROSWALL, backfill ma-

terial should not contain any aggregate smaller in diameter than
the perforations. Inflow of water is concentrated at the open joints -. -

or perforations. The higher velocity carries fines into the pipe. ANY
on g8* '8f''POROSWALL, being completely porous for its entire length and PERFORATED PIPE o

no|Onger Q2ofcircumference, accepts water in a seeping action of low velocity.
Because of the minute pores in POROSWALL, finer aggregate ; ,

can be used as backfill. The smaller voids in such aggregate pre. an underdra,In h8{
vents fines from readily coming to the pipe. Silt ggiirh ,

,

DON'T VIOLATE THE INTEGRITY OF YOUR DESIGN BY * * 3J *
ACCEPTING THE SUBSTITUTION OF AN INFERIOR UN- perforations
DERDRAIN PIPE. CAN YOU AFFORD TO DESIGN OR
BUILD AN UNDERDRAIN WITH LESS THAN THE BEST7
CHEAPER IS NOT BETTER! WALKER POROSWALL PIPE CO.

>
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* POROSWALL = RAIN PIPE spscifications:
A few cf tha many in:tallatirns:

To Specify, Use the Following:
AIRPORTS: Kennedy, LaGuardia, Buffalo, Stewart Airport, all N.Y., Te- COMPOSITION: ' Porous concrete drain pipe to be as manufactured by
terboro, Newark, McGuire Air Force Base, all N.J., Martin Airport, Balt., Walker Poroswall Pipe Co., Little Ferry, N.J. from a mixture of Portland
MD., McCarron Airport,las Vegas, NV., Andrews Air Force Base, Wash., Cement, Water, %" trap rock and sand.
D.C., Washington Nat'l. Airport, Alex., VA., George Air Force Base, Vic. SHAPE: The cross section of the pipe to be circular inside and out,
torville, CA., Jet Fuel Storage, Boise,10., Alexander Hamilton Airport, TYPE OF JOINT: The tongue and groove to be formed of solid concrete
St. Croix, V.I., Hubert Humphrey, Huron, SD. extending into barrel for approximately one inch at eact end. All joints
COLLEGES: MIT, Stevens institute of Technology, Rensselaer-Poly. to be of the interlocking tongue and groove type with the exterior of the
technic Institute, CAL-TECH, Princeton, UCLA, Yale, Coast Guard Acad. groove in the same plane as the exterior of the barrel.
emy, West Point Academy U.S. Merchant Marine Academy, Cornell Uni. CURING AND AGING: All porous concrete pipe to be thoroughly cured
versity, Albert Einstein, John Hopkins University. in modern steam curing rooms and stored until properly aged before |

HIGHWAYS AND TURNPIKES: New Jersey, New York, Pennsylvania,
,,

s
P AL PROPERTIES: The finished pipe to be straight, free fromMaine, Mass., Virginia, Rhode Island, Ontario, Connecticut.
cracks, checks or other defects and reasonably uniform in color and tex-PUBLIC BUILDINGS: United Nations, Rockefeller institute, Columbia ture'

Presbyterian Hospital, Executive Mansion, all N.Y., British Embassy-
House of Representatives Office Building, Smithsonian Institute Li- |NFlLTRATION: The infiltration rate to be not less than two gallons per

minute per inch of internal diameter per lineal foot of pipe for 4" to 8"brary of Congress, all Washington, D.C., Space Science Center, Green-
pipe inclusively. See tables below for infiltration rates on sizes largerbelt, MD., Children's Medical Center, Dallas, TX., Kennedy Memorial than 8"'

Grave Site, Arlington, VA., Salt Lake County Civic Auditorium, Utah, Lyn. SHOR1 FORM: All drainage pipe to be *POROSWALL UNDERDRAIN
don B. Johnson Library, Austin, TX., Statue of Liberty, Bear Hill Correc- PIPE manufactured in accordance with the standard specifications oftional Facility, Malone, N.Y.

the WALKER POROSWALL PIPE CO., Little Ferry, New Jersey, or use
INDUSTRIAL INSTALLATIONS: U.S. Steel Corp., So. Chicago, IL. and ASTM-Specification C-654 and AASHO Specification M-176.
Fairfield, AL., Western Electric Co., Charlotte, N.C., A.T.&T. Repeater To specify Extra Strength. insert words Extra Strength here. we recomrnend inclusion
Stations, Johnson & Johnson, New Brunswick, NJ., Exxon Refinery, of dimension and weight data when you specify Extra Strength.
Elizabeth, NJ., Sinclair Refining, E. Chicago, IL., Florida Power & Light,
Parrish, FL., Bethlehem Steel Graving Dock, Quincy, MA., American Standard Strennth TABLE ACyanamid, Wayne, NJ., Alcoa, Badin, NC, A.I. DuPont, Wilmington, a
DL., Armstrong Cork Co., Macon, GA. Pacific Gas & Elec., San Fran- i.wng w.gne 3 eog, bonna ,nnnranon

cisco, Calif. length pn wall lbs perlineal foot
ra

NUCLEAR POWER PLANTS: Conn., N.Y., N.C., Phillipines, S.C. ,7,j,,, [, f,[,' "",,',7,7,9 Wy*"
,,,,,, ,,,

RAILROADS: NJ., Washington D.C., MA., OH., Los Angeles CA. 4" 2 16 1.00 1500 8
RAPID TRANSIT SYSTEMS: N.Y., Boston, Cleveland, Philadelphia, 6" 2% 23 1.00 1700 12Washington, D.C.

8" 2% 37 1.25 1800 16OFFICE BUILDINGS: House of Seagram, Chase Manhattan Bank, 10" 3 51 1.375 2100 17A.T&T., World Trade Center Twin Towers, Battery Park Complex, all New
12" 3 67 1.50 2400 18York., Exchange Park Complex, Dallas, TX., Western Electric, Indianap-

olis, IN., Prudential insurance Co., Kansas City, MO., IBM, Baltimore, 15" 3 97 1,75 2500 23
MD. and N.Y., Doctor's Bldg., Omaha, NE. 18" 3 144 2.00 2500 24
PUBLIC WORKS: Lincoln Tunnel, George Washington Bridge, Tri-Boro 21" 3 162 2.25 2500 25
Bridge Authority Adm. Bldg., Randalls Island, all N.Y, Submarine Base, 24" 3 224 2.50 2600 26
New London, CT., Hampton Roads Tunnel, Norfolk, VA., Delaware River
Bridge, Camden, NJ., City of Anchorage, Alaska, Greeley Wastewater Extra Strenath TABLE BTreatment Facility, CO., Kings Bay Submarine Base, Kings Bay, GA. e

OTHER INSTALLATIONS: Meadowlands Sports Complex, Monmouth saying w cht 3 ecco beanno *menrat,on

Park Jockey Club, Earle Ammunition Depot, all N.J., Belmont, Aque- ''"8'" p" "an ibs perimonwi 6,,'f,nra,non,

duct, Jamaica Race Tracks, United Engrg. Center, Winged Foot Golf o $,, , ' " , , $, ',",'',$",*] | '"'"y[,",7"8 p*' y
'"

Club, Shea Stadium, Linc61n Center, Fresh Kill Landfic, all N.Y., Flood
Control Project, N. Adams, MA., Cloverdale Shopping Center, Etobi. 6" 2W 29 1.25 2600 12'

coke, Ontario, Canada, National Center for Atmospheric Research, 8" 2% 46 1.50 3000 16
Boulder, Co., Iowa Gas & Elec., Life George Bldg., Atlanta, Ga., Power 10" 3 64 1.625 3000 17
Plant, Okinawa, Sturgeon Bay Graving Dock, WI., Coca Cola Co., 12" 3 84 2.00 3600 18
Shrevesport, LA., Dome Stadium, Minn., MN., Kennedy Space Center- 15" 3 122 2.25 3900 23Tennessee Valley Authority, Greater Lebanon Refuse, PA., Universal

18" 3 180 2.50 4000 24Studios, Universal City, CA.
OVERSEAS INSTALLATIONS: Africa, Mid-east, Central America, You can specify or order POROSWALL Underdrain Pipe, Standard or
Aleutian Islands, Okinawa, St. Croix, Libya, Spain, Saudi Arabia, South Extra Strength, for shipment to any part of the United States or Canada
America, South Pacific, Andros Island, Republic of Guinea, Kuwait, directly from our plant in Little Ferry, NJ. We have and are prepared to
United Arab Emirates, Puerto Rico, Bermuda, Philippines, Hawaii, Mos- ship abroad. All sizes and strengths are maintained in substantial quan-
cow. Russia. Muscat. Oman. Nicos;a. Cypress. tities at all times for prompt shipment.
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* POROSWALL DRAIN PIPE spncifications:
A few of tha many installatiens:

To Specify, Use the Following:
AIRPORTS: Kennedy, LaGuardia, Butfalo, Stewart Airport, all N.Y., Te- COMPOSITION: ' Porous concrete drain pipe to be as manufactured by
terboro, Newark, McGuire Air Force Base, all N.J., Martin Airport, Balt., Wa|ker Poroswall Pipe Co., Little Ferry, N.J. from a mixture of Portland
MD., McCarron Airport, Las Vegas, NV., Andrews Air Force Base, Wash., Cement, Water, %" trap rock and sand.
O C., Washington Nat1. Airport, Alex., VA., George Air Force Base, Vic. SHAPE: The cross section of the pipe to be circular inside and out.
torville, CA., Jet Fuel Storage, Boise, ID., Alexander Hamilton Airport, TYPE OF JOINT: The tongue and groove to be formed of solid concrete
St. Croix, V.I., Hubert Humphrey, Huron, SD. extending into barrel for approximately one inch at each end. All joints
COLLEGES: MIT, Stevens Institute of Technology, Rensselaer Poly. to be of the interlocking tongue and groove type with the exterior of the
technic institute, CAL-TECH, Princeton, UCLA, Yale, Coast Guard Acad. groove in the same plane as the exterior of the barrel.
emy, West Point Academy U.S. Merchant Marine Academy Cornell Uni. CURING AND AGING: All porous concrete pipe to be thoroughly cured
versity, Albert Einstein, John Hopkins Unive,sity. in modern steam curing rooms and stored until properly aged before
HIGHWAYS AND TURNPIKES: New Jersey, New York, Pennsylvania, f[Y , L PROPERTIES: The finished pipe to be straight, free from |Maine, Mass., Virginia, Rhode Island, Ontario, Connecticut. '

cracks, checks or other defects and reasonably uniform in color and tex-PUBLIC BUILDINGS: United Nations, Rockefeller institute, Columbia
ture

Presbyterian Hospital, Executive Mansion, all N.Y., British Embassy, INFILTRATION: The infiltration rate to be not less than two gallons perHouse of Representatives Office Building, Smithsonian Institute, Li-
brary of Congress, all Washington, D.C., Space Science Center, Green" minute per inch of internal diameter per lineal foot of pipe for 4" to 8"

belt, MD., Children's Medical Center, Dallas, TX,, Kennedy Memorial pipe inclusively. See tables below for infiltration rates on sizes larger
than 8".

Grave Site, Artington, VA., Salt Lake County Civic Auditorium, Utah, Lyn- SHORT FORM: All drainage pipe to be *POROSWALL UNDERDRAIN
don B. Johnson Library, Austin, TX., Statue of Liberty, Bear Hill Correc- PIPE manufactured in accordance with the standard specifications oftional Facility, Malone, N.Y.

the WALKER POROSWALL PlPE CO., Little Ferry, New Jersey, or use
INDUSTRIAL INSTALLATIONS: U.S. Steel Corp., So. Chicago, IL. and ASTM-Specification C-654 and AASHO Specification M-176.
Fairfield, AL., Western Electric Co., Charlotte, N.C., A.T&T. Repeater .To specify Extra Strength. insert words Extra Strength here. We recommend inclusion
Stations, Johnson & Johnson, New Brunswick, NJ., Exxon Refinery, of dimension and weignt data when you specify Extra Strength.
Elizabeth, NJ., Sinclair Refining, E. Chicago, IL., Florida Power & Light,
Parrish, FL., Bethlehem Steel Graving Dock, Quincy, MA., American
Cyanamid, Wayne, NJ., Alcoa, Badin, NC, A.I. DuPont, Wilmington, Standard StrenOth TABLE A
DL., Armstrong Cork Co., Macon, GA. Pacific Gas & Elec., San Fran- mying ,gni 3eog.e..nna ,nnnraton

cisco, Calif. *notn per man ibs ourlineanooi 'g.*g's,

NUCLEAR POWER PLANTS: Conn., N.Y., N.C., Phillipines, S.C. ,7,$, ,, d ,Y,d [[,' ],,*,7,',"," N,,,T
RAILROADS: NJ., Washington D.C., MA., OH., Los Angeles CA.

4" 2 16 1.00 1500 8
RAPID TRANSIT SYSTEMS: N.Y., Boston, Cleveland, Philadelphia, 6" 2% 23 1.00 1700 12Washington, D.C.

8" 2% 37 1.25 1800 16OFFICE BUILDINGS: House of Seagram, Chase Manhattan Bank, 10" 3 51 1.375 2100 17A.T.&T., World Trade Center Twin Towers, Battery Park Complex, all New
12" 3 67 1.50 2400 18York., Exchange Park Complex, Dallas, TX., Western Electric, Indianap.

olis, IN., Prudential insurance Co., Kansas City, MO., IBM, Baltimore, 15" 3 97 1.75 2500 23
MD. and N.Y., Doctor's Bldg., Omaha, NE. 18" 3 144 2.00 2500 24
PUBLIC WORKS: Lincoln Tunnel, George Washington Bridge, Tri-Boro 21" 3 162 2.25 2500 25
Bridge Authority Adm. Bldg., Randalls island, all N.Y , Submarine Base, 24" 3 224 2.50 2600 26
New London, CT., Hampton Roads Tunnel, Norfolk, VA., Delaware River
Bridge, Camden, NJ., City of Anchorage, Alaska, Greeley Wastewater Extra Strennth TABLE BTreatment Facility, CO., Kings Bay Submarine Base, Kings Bay, GA. a

OTHER INSTALLATIONS: Meadowlands Sports Complex, Monmouth saymg .moni ; 3 ea innitration
I ** **ge o.arino ',$."$*,"Park Jockey Club, Earle Ammunition Depot, all N.J., Belmont, Aque- *"9'" p*' "'" "*** oo'

duct, Jamaica Race Tracks, United Engrg. Center, Winged Foot Golf j,, $, [',"""'; *'",,,',',"y""8'"

o' ,,mfay,,

Club, Shea Stadium, Linc61n Center, Fresh Kill Landfill, all N.Y., Flood
Control Project, N. Adams, MA., Cloverdale Shopping Center, Etobi. 6" 2% 29 1.25 ? 2600 12
coke, Ontano, Canada, National Center for Atmospheric Research, 8" 2% 46 1.50 ! 3000 16
Boulder, Co., Iowa Gas & Elec., Life George Bldg., Atlanta, Ga., Power 10" 3 64 1.625 3000 17
Plant, Okinawa, Sturgeon Bay Graving Dock, WI., Coca Cola Co., 12" 3 84 2.00 3600 18
Shrevesport, LA., Dome Stadium, Minn., MN., Kennedy Space Center, 15" 3 122 2.25 3900 23Tennessee Valley Authority, Greater Lebanon Refuse, PA., Universal

18" 3 180 2.50 4000 24Studios, Universal City, CA.
OVERSEAS INSTALLATIONS: Africa, Mid-east, Central America, You can specify or order POROSWALL Underdrain Pipe, Standard or
Aleutian Islands, Okinawa, St. Croix, Libya, Spain, Saudi Arabia, South Extra Strength, for shipment to any part of the United States or Canada
America, South Pacific Andros Island, Republic of Guinea, Kuwait, directly from our plant in Little Ferry, N.J. We have and are prepared to
United Arab Emirates, Puerto Rico, Bermuda, Philippines, Hawaii, Mos- ship abroad. All sizes and strengths are maintained in substantial quan-
cow, Russia. Muscat. Oman. Nicosia. Cypress. tities at all times for prompt shipment.
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