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CONDITION ASSESSMENT OF THE LOS ALAMOS NATIONAL LABORATORY
RADIOACTIVE LIQUID WASTE COLLECTION SYSTEM

G. L. Edgemon
ARES Corporation

1100 Jadwin Avenue, Suite 400
Richland, Washington 9935 2

W . D . Moss & V . P . Worland
Los Alamos National Laboratory

P.O . Box 166 3
Los Alamos , New Mexico 87545

ABSTRACT

The radioactive liquid waste collection system (RLWCS) at Los Alamos National Laboratory
(LANE) is a site-wide double-encased piping system installed in 1982 that allows radioactive liquid

waste (RLW) producing facilities to gravity drain their waste to the radioactive liquid waste treatment
facility (RLWTF) through a system of underground high-density polyethylene (HDPE) pipes and vaults .
The RLWCS stretches approximately four miles and typically receives approximately 10,000 gallons of
RLW per day for treatment at the RLWTF. Uncertainty of the current condition of the RLWCS was
recently identified as a potential risk to the future continued availability of the RLW treatment function .
A condition assessment was performed in April 2004 to evaluate the risks and estimate the remaining
useful life of the existing RLWCS . Several representative and "worst-case" RLWCS primary piping
sections and their associated inspection vaults were selected for direct visual assessment, remote
borescopic examination, and in-situ durometer testing. This field investigation combined with an
RLWCS materials compatibility review showed that the primary piping of the RLWCS is in relatively
good condition, with only a few noteworthy areas of degradation .

Keywords : nuclear waste, pipeline corrosion, radioactive liquid waste, polyethylene pip e

INTRODUCTION

The RLWCS refers to a network of predominantly underground HDPE gravity drainage pipes
used for transferring low-level liquid waste from various LANE facilities to the RLWTF . The majority



of the system was constructed in 1982 . The east area of the system is shown in Figure 1 . The west area
is shown in Figure 2 . The system is designed to withstand temperatures of up to 250°F (121°C), full-
pipe flow rates up to 2 ft/sec (0 .6 m/sec), and a variety of radioactive and non-radioactive waste streams
ranging from clean process water to contaminated alkaline and acidic waste streams . The system has
operated continuously since its installation in 1982 . To date, no leaks have been detected .

The bulk of the system is composed of primary 8-in . (20-cm) diameter HDPE drainage pipe
encased in a 12-in . (30-cm) diameter HDPE piping sleeve . The HDPE piping meets the requirements of
classification HDPE 355433L as specified in American Society for Testing and Materials (ASTM)
Standard D 3350 with a minimum design pressure rating of 100 psig (6,894 hPa) . Dimensions and
tolerances are specified in ASTM D 2239 . The outer pipe sleeve is designed to collect any fluid that
might leak from the primary drainage pipe (i .e ., secondary containment) . All joints on the HDPE
drainage pipes and encasements were thermally welded at the time of construction in accordance with
the manufacturer's recommended practices for installation . The inner bead associated with HDPE pipe
fusion was removed following the fusion process . Inner and outer HDPE pipes were subjected to a 100
prig (6,894 hPa) pressure test following fabrication . No spiders are utilized in the system to hold the
primary pipe in the center of the secondary pipe . Fittings are made of the same material as the pipe and
meet the requirements of American National Standards Institute (ANSI) B16.5 . At the time of
construction, pipe was marked in accordance with the requirements of ASTM D 2239, but in some cases
marking has been painted over during subsequent vault maintenance activities .

The primary pipe material changes from HDPE to ASTM A312 Type 316 (UNS S31600)
schedule 40S stainless steel in the vaults . Some sections of piping, joints, and fittings were field
fabricated and/or field welded in the vaults . Forged fittings 1 %i-in . (4-cm) and smaller meet the
requirements of ASTM A403, Gr . WP316, 2000-lb Water, Oil, Gas (WOG) and have socket weld ends .
Forged fittings over 1%i-in. (4-cm) were beveled and butt-welded . Flanges are forged ASTM A182, Gr.
F316, Class 150 flat-faced slip-on, weld neck type, drilled to the requirements of ANSI B16.5 . Gaskets
are 3/16-in . (5-mm) thick full-faced type made from Buna-N, Neoprene, Viton, or Hypalon .0 )

For access and maintenance, 65 concrete vaults with carbon steel vault access ports are regularly
spaced throughout the network of pipes . A galvanized rain cover has been added to the tops of most
vault access points to prevent rain/snow water intrusion . Typical vault dimensions are approximately
10-ft x 10-ft x 7-ft (3-m x 3-m x 2-m) . Each vault contains a sump pit instrumented with a liquid level
detector. External penetrations of piping and conduit are sealed to prevent infiltration of surface water .
All piping is anchored to the vault walls to control expansion and contraction. Secondary HDPE pipe is
discontinued in the vaults and the vaults serve as secondary containment . Secondary piping is sloped
between vaults so that any leaks from the primary pipe will gravity drain in the secondary pipes into the
vaults and be detected by the leak detection system .

Numerous valve stations are located in the inspection vaults to provide isolation, drainage, and to
a lesser extent, maintenance and inspection capabilities . All primary pipe isolation valves are Tufline
Type 061(') Fluorinated Ethylene Propylene (FEP) lined, plug-type valves with Class 150 flanges,
ductile cast iron bodies, and an FEP liner and sleeve on the tapered plug .

(') Buna-N, Viton, and Hypalon are registered trade names of Du Pont Dow Elastomers LLC, Wilmington, Delaware
(2) Tufline and Type 061 are registered trade names of the Xomox Corporation, Cincinnati, Ohio



Air-entrained concrete was used in the construction of all vaults . Chloride-free admixtures were
used, as necessary . Concrete was mixed to provide approximately 4,000 p .s .i . compressive strength
28 days after mixing . Portland cement used in construction met the requirements of ASTM C150, Type
II or III specifications . Coarse aggregate met the requirements of ASTM C33, 1-in . (2 .5-cm) maximum
specifications . Fine aggregate met the requirements of ASTM C33, No. 4 max, and No. 200 fines
limited to 2 percent maximum . Vault surfaces were trowel finished in accordance with the requirements
of American Concrete Institute (ACI) Standard ACI 301 . All joints were formed to meet the
requirements of the ASTM D1751 specification. Reinforcements conform to the requirements of ASTM
A615 for bars and ASTM A185 for welded wire mesh . Reinforcements were installed per the
requirements of ACI 318 and the Concrete Reinforcing Steel Institute "Handbook . "

All vault external wall surfaces and slab surfaces were waterproofed during construction .
Horizontal slab surfaces were coated with four alternating layers of coal tar bitumen and glass fabric per
the requirements of ASTM D1668 Type II coal tar and Federal Specification HH-C-446 . A final
mineral surface cap sheet was applied before backfilling . Vertical walls were coated with creosote
complying with the requirements of ASTM D43 then four alternating layers of coal tar bitumen and
glass fabric per the requirements of ASTM D1668 Type II coal tar and Federal Specification HH-C-446 .
An outermost layer of 1/2-in . (13-mm) fiberboard was applied before backfilling . To resist damage from
most industrial acids, alkalis, and solvents, the interior surfaces were coated with an epoxy resin-based
component and a polysulfide modified curing component . Both components were low-viscosity
solutions designed to penetrate and fill all voids resulting in a clean, smooth surface .

SCOPE AND METHODOLOGY

Five vaults were selected for inspection to provide "worst-case" conservative data for evaluating
the condition of the RLWCS . The selected access vaults are shown in Table 1 . Vaults were selected for
inspection (instead of straight runs of pipe) to focus the inspection on areas of the system with the
highest risk of materials degradation and corrosion damage (i .e ., crevices, joints, changes in materials of
construction, low points, etc .) . Specific vaults for inspection were selected based on operating history,
materials of construction, normal/off-normal waste stream composition, relative position with respect to
the points of entrance of known/off-normal waste streams, and vault accessibility .

Prior to conducting the inspections, data sheets were developed that divided each vault into 12
areas for evaluation. Each area was assigned to one of three categories (vault exterior, vault interior, or
primary pipe interior) . Following each inspection, a grade ranging from 1 (like new) to 5 (severely
degraded) was assigned by the inspector to each of the areas of inspection. Grades for all areas within
each category were averaged to produce a category grade . The three category grades were then
averaged to produce an overall vault grade . The grading scale is shown in Table 2 . A tabular
breakdown of the grading process is shown in Table 3 .

Inspections were performed in April 2004 . All vaults were opened shortly before inspection,
atmospheric and radiologically sampled for safe entry, then entered for direct visual inspection . During
the inspections, direct visual examinations were supplemented with digital photography (for accessible
areas) and remote borescopic camera inspection (for pipe interiors) . Pipe access for the borescope was
provided by existing ball valves in the system (Figure 3) .



FINDINGS

Prior to conducting the field inspections a review of the RLWCS materials of construction and
operating environment was conducted. In general, the review identified very few areas of concern with
the metallic RLWCS components and no concerns with the HDPE components . The design basis waste
and typical groundwater compositions used in the review are shown in Tables 4 and 5 respectively .' A
tabular form of the results of the materials compatibility review is shown in Table 6 . 2

Vault Exterior Inspections

Vault exterior inspections focused on the aboveground exposed portions of the vaults . In
general, the aboveground portions of the vaults are in very good condition and show no loss of
functionality. Category grades for the vault exteriors ranged between 1 .0 and 1 .5 . No significant
differences were noted in the conditions of the aboveground portions of vaults ULR1162, ULR1 163,
ULR1160, ULR1170, and WM72 . Light surface rust was observed on the steel vault manhole covers,
but no structurally significant corrosion was observed . A typical manhole cover surface is shown in
Figure 4 . Some superficial cracks and flakes were observed on the aboveground concrete surfaces of
each vault, but no structurally significant cracking or other damage was noted .

Vault Interior Inspections

Vault interior inspections focused on vault walls, floor, ceiling and the exterior surfaces of
piping and other equipment contained within the vault . The RLWCS vault interiors are in very good
general condition. Category grades ranged from 1 .4 to 2 .1 . In all vaults, the concrete forming the vault
walls, floors and ceilings is sound with no evidence of cracking or other structurally significant damage .
Historical and periodically active surface water intrusions have damaged the coating on the walls, floors,
and ceilings of most vaults, in particular vaults ULR1162 (Figure 5) and WM72 (Figure 6) . The interior
surfaces of vault ULR1 163 were recently recoated and are in like-new condition . The galvanized
ladders, valves, support racks and other painted metallic equipment are in good condition with no sign of
any structurally significant degradation . All leak detection equipment is reported as functional .
However, the high humidity has damaged most of this equipment to varying degrees, particularly in
vault ULR1 170 (Figure 7) .

The exterior surface of the primary piping is also in excellent condition in most vaults, in
particular vaults ULR1162 (Figure 8), WM72 (Figure 9) and ULR1170 (Figure 10) . Borescopic
inspections of the annular regions between the primary and secondary HDPE pipes in ULR1160 and
ULR1 170 showed no signs of degradation. It was observed that none of the cast iron plug valves are
electrically isolated from the stainless steel primary pipes in any of the vaults (Figure 11) . However,

there are no obvious signs of galvanic corrosion on the outside of the cast iron valve body . No active
leaks or indications of past leakage were identified during the inspections at any bolted or welded joints
in any of the primary piping in the inspected vaults .

During the inspections primary HDPE pipe durometer was tested at eight points around the
circumference of the pipe. Inspection points were marked with indelible marker to facilitate future
inspections of the same areas . Durometer test results are shown in Table 7 . The average durometer for
the primary pipes in all vaults was 65 .



Pipe Interior Inspections

The interior surfaces of the RLWCS primary piping have suffered a greater degree of
degradation than other portions of the RLWCS . Grades for pipe interiors ranged from 2 .0 to 3 .0 .
Insertion points for remote camera inspections were limited to existing access ports in the primary pipe
(i .e . : primary pipe was not disassembled). Inspections were limited by a layer of slime, light-colored
precipitates, biological nodules, and other deposits that cover much of the submerged interior pipe wall
surfaces (Figures 12 - 14) . Despite closing the upstream plug valve prior to each inspection, a small but
continuous flow of process fluids further complicated this portion of the inspections . No leaks, failures
or severe areas of degradation were discovered or have ever been reported in the primary pipe of the
RLWCS .

The interior surface of the primary HDPE pipe is in better condition than the stainless steel pipe .
Where visible, the HDPE wall shows few signs of degradation (Figure 15) . Visible areas of the interior
of the stainless pipe however, show evidence of several forms of corrosion . Most stainless to stainless
welded joints were characterized by heat tint corrosion (Figures 16 - 17) . Several instances of general
corrosion between butt-welded segments of stainless pipe that extended well beyond the heat-affected
zones of the weld were also recorded (Figure 18 - 20) . A number of areas of surface pitting were also
recorded (Figures 21 - 23) .

During the inspection of the vault interior, it was noted that there was no electrical insulation
between the stainless pipe and the cast iron valve . Figure 24 shows an example of this joint inside the
primary pipe where it appears that the stainless steel surface is being protected from corrosion by the
connection with the adjacent cast iron area. Unfortunately, the majority of the cast iron valve surfaces
were not accessible for further investigation due to length restrictions on the borescope . However, the
inability to seal the plug valves upstream suggests the possibility that galvanic corrosion has damaged
the valve seat components .

DISCUSSION

The vaults (all interior and exterior components plus piping interiors) in the RLWCS are in good
condition . Grades for each vault are shown in Tables 8 - 12. The average grade given to the entire set of
inspected vaults was a 1 .9. This score is indicative of a system in relatively good condition with many
strengths and only a few weaknesses . The condition assessment did not record any obvious structural
cracking in the vault concrete walls, floor or ceiling . No gross corrosion damage was observed . No
evidence of current or historical leakage of radioactive liquids from the primary pipe was observed
during the condition assessment . This operating record is the direct result of good up-front work in
materials selection and design, a careful installation process, and a reasonable operations and
maintenance program.

The primary strength of each vault is the condition of the HDPE piping . In every case, the
HDPE piping, which forms the vast majority of the RLWCS, was found to be in excellent condition with
only a few signs of cosmetic degradation . Borescopic photographs taken of the interior surfaces of the
primary HDPE piping showed only some scale/precipitate buildup on the interior walls of the HDPE
pipe. There were no signs of chemical, radiation or corrosion degradation . Likewise, the borescopic
inspections of the annular regions between the primary and secondary HDPE pipes in ULR1160 and



ULR1170 showed no signs of degradation . Visual inspections of the exte rnal surfaces of the HDPE
primary and secondary pipe showed no signs of degradation from humidity or light in the vaults.
Durometer testing indicated no measurable ch ange in durometer as a result of service .

The major weaknesses in the system were found in the stainless steel and cast iron components
of the primary pipeline . Several forms of corrosion were observed inside the stainless steel primary
pipes including pitting, crevice, heat tint, microbiologically induced, uniform (general), and galvanic
corrosion. Based on the environment in the primary pipeline, stress corrosion cracking could also be a
potential problem in metallic areas subjected to tensile stress in the pipeline, but no evidence of SCC
was documented . Detailed evaluation of the stainless steel (and other) surfaces was hindered by the
presence of a dense layer of light-colored precipitates and scale on most of the interior pipe surfaces .
Based on groundwater chemistry, the scale is likely a silicon and calcium rich material that is easily
removed and therefore does not offer any significant corrosion protection to the metallic surfaces .
Although a number of corroded surface areas were documented on the stainless steel pipe surface, many
more areas of degradation would likely be visible if the inside pipe surfaces were cleaned of this scale .

Of the various forms of corrosion observed in the RLWCS, pitting and crevice corrosion are the
most insidious forms and present the greatest threats to continued RLWCS integrity . Uniform, heat tint,
and microbiological corrosion could ultimately threaten system integrity, but in a longer time frame than
pitting and crevice corrosion . Although no incidents of crevice corrosion were actually recorded in the
investigation, conditions in the RLWCS are conducive to crevice formation, particularly under the
flange gaskets between sections of stainless steel pipe and other components such as the plug valves .
Pits were observed in numerous locations in the stainless steel primary pipe in most of the vaults
inspected . Pits in the stainless steel surface are likely the direct result of transporting acidic, chloride
containing wastes from time to time through the RLWCS. Most of the pits appear to have caps of
corrosion product, which indicates that the pits have been growing for a relatively long period of time .
Current operating conditions make pitting corrosion the most likely failure mode for the RLWCS .

Galvanic corrosion also presents a serious threat to the condition of the RLWCS, but only at the
cast iron plug valves where they are bolted to the stainless steel sections of the primary piping .
Insulating joints were not used on the primary pipeline of the RLWCS despite being required on the line
after it enters the TA-50 facility.3 When the inside of the primary pipe is wetted with flowing waste,
water or condensation, the galvanic effects of the stainless steel likely accelerate the corrosion of the
cast iron plug valve. In the inspections, the inability to completely close the normally reliable cast iron
plug valves is likely the result of accelerated corrosion of the valve seating surfaces .

Vault inspections of primary pipe indicated no change in durometer from archived HDPE pipe
material which also averaged 65 on the Type D gauge. These results corroborate the visual inspections
that indicate that the primary HDPE pipe has not suffered any significant degradation .

CONCLUSIONS AND RECOMMENDATION S

Recent inspections of five access vaults and piping indicate that the RLWCS is in relatively good
condition with only a few areas of moderate degradation that need to be addressed in the near future .
Because even in the best of conditions, only a small fraction of the RLWCS is available for inspection,
future RLWCS component replacement and failure analysis activities should be used to supplement the
findings of this report.



The largest and most critical part of the RLWCS, the underground double-walled HDPE piping,
is in excellent condition. Inspections revealed only light scale/slime buildup on the interior walls of the
pipe. Field-testing verified that there have been no significant changes in material durometer. There are
no compelling reasons not to expect the HDPE portions of the RLWCS to last another 25 years without
problem .

The stainless steel portions of the primary pipe have suffered more degradation than the HDPE
pipe but are still intact with no signs of leakage . The stainless steel is suffering from several forms of
corrosion including pitting, crevice, heat tint, microbiologically induced, and uniform (general)
corrosion. Of these forms of corrosion, pitting and crevice corrosion present the most insidious threat
to the integrity of the RLWCS piping. Because pitting has been observed in the system and the depth of
these pits is unknown, and because conditions within the RLWCS remain conducive to pit growth, it is
likely that the stainless steel portions of the RLWCS will fail from pitting or crevice corrosion within the
next 25 years. Given the excellent performance of the HDPE sections of the RLWCS, HDPE piping
should be considered as a replacement material for the stainless steel portions of the system .

The cast iron plug valves in the primary pipe are suffering from galvanic corrosion that is being
accelerated by the direct contact with the stainless steel pipe surfaces . Most of the cast iron plug valves
in the system did not entirely stop flow in the RLWCS when closed during the recent inspection. To
return isolation and shutoff capability to the RLWCS, the cast iron plug valves need to be replaced.
Replacement valves should be made of stainless steel or polymeric materials, or at a minimum,
electrically isolated from the primary pipe if cast iron or other metallic valves are utilized .

Aside from primary pipe issues, the vaults suffered from degradation in a few other key areas .
The most obvious was the degradation of the vault coating in most of the vaults inspected. Vault leak
detection systems have temporarily failed, periodically fail, or are near failure in all vaults inspected . As
soon as practicable, vault coatings and leak detection equipment need to be evaluated and repaired .

Initially, the repairs described above appear to represent a heavy amount of work to ensure the
continued operation of the RLWCS . However, the areas in need of restoration represent only a small
percentage of the system ; no trenching or digging is required for these restoration activities . Overall the
RLWCS has been a dependable system and needs relatively minor repairs to be returned to as-built
condition .
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TABLE 1
RLWCS ACCESS VAULTS FOR INSPECTION

Vault Area Downstream From Facility :
West Sigma, CMR

ULR1 163 West. TA-59, Sigma, CMR
ULR1 160 West Sigma, CMR
ULR1 170 East TA-48, TA-59, Sigma, CMR
WM72 East TA-50, TA-55, TA-48, TA-59, Sigma, CMR

TABLE 2

TABLE 3
VAULT GRADING PROCES S

Overall
Vault
Grade

Vault Exterior Grade

Vault Interior Grade

Pipe Interior Grade

Vault exterior surfaces
Inside surface of vault cover
Vault ladder and entryway
Vault walls, floor, ceiling
Exterior surfaces of primar y

ipe material interfaces
Valves and
Other material interfaces
Secondary pipe interior
Leak detection equipmer.
Pipe supports at wall
Primary pipe interior

Grade

CONDITION ASSESSMENT GRADING SCALE



TABLE 4: DESIGN BASIS WASTE COMPOSITION '
Maximum Waste Accident of Emergency Maximum
Dischar e (gpd) Waste Dischar e s

Bldg. No. Building Name 8 hr. 24 hr. Avg. d Max. d Max. m Expected Chemical Constituents

TA-3-16 75 100 50 100 10 TW + D
TA-3-65 Source Storage 50 75 10 75 20 TW + D

TA-3-39/102 Tech Shops 500 750 300 5000 20 TW + D + (11 )
CMR Building

Win 2 2500 4000 2000 7500 25 TW + MA + 1

Wing 3 4500 6000 4000 15000 70 TW + MA + (2) , pH 2-3
TA-3-29 Wing4 1000 1500 500 5000 25 TW + MA + (1) + (3), pH 2-6

Wing 5 5500 6000 5000 15000 70 TW + MA + 1 + 4 + 2 + (5), pH 5-7
Win 7 4000 6000 3500 15000 70 TW + MA + 1 + 4 + 2 + (5), pH 2-3

Wing 9 1000 1500 750 1500 25 TW + MA + (2) + (6) + (7) + (8) + (9)
TA-3-40 Physics Building 1500 2000 5000 10000 15 TW + MA + D
TA-3-216 Weapons Test Support 1500 2000 1000 3000 20 TW + MA + D

TA-3-66 Sigma Building 1500 1750 350 3000 25 TW + MA + B + 10 + (12), pH 2-1 1

TA-3-141 Rolling Mill 200 300 100 1500 10 TW + D
TA-3-35 Press Building 50 75 10 500 15 TW + D
TA-3-32 Cryogenics "A" 75 100 50 500 15 TW + D

TA-3-34 Cryogenics "B" 600 1500 50 500 15 TW + D
RC-1

TA-48-1 High Level 3000 4000 2150 6000 15 TW + MA + (2) + (4) + (5 )
Low Level 5000 6000 4500 10000 25 TW + MA + (2) + (4) + (5 )

Core Processing 1000 1500 500 3000 15 TW + MA + (2) + (4) + (5 )
TA-35-10 Ten Site 1200 1500 1000 3000 25 TW + D
D = Detergents (1) = Acetic Acid (8) = Viothene Notes :
MA = Mineral Acids (2) = Hydrofluoric Acid (9) = Freon 1 . Bulk of TW expected to be from Los Alamos wells .
TW = Tap Water (3) = Ammonia (10) = Chromic Acid 2. Mildly alkaline cleaning agents, such as D, can be

(4) = Phosphoric Acid (11) = Cutting Oil expected from most areas .
(5) = Perchloric Acid (12) = Sodium Hydroxide 3 . In many areas, a mixture of MA is used for leaching,
(6) = Hydrogen Peroxide (13) = Heat dissolving, or etching samples .
(7) = Methylene Chloride 4. The composition of the mixture in decreasing order i s

nitric, hydrochloric, and sulfuric acids .



TABLE 5
TYPICAL LANL GROUNDWATER COMPOSITION 1

Con s tituent Value Unit
H 8. 1

Conductivity 162 p mhos/cm

P. Alk. CaC03 0 ppm

Total Alk. CaC03 60 ppm

Total Hardness CaC03 38 ppm

Calcium Ca 10 m

Magnesium 3 pm

Sodium (Na) 15 m

Chloride (CI-) 1 PPM
Fluoride F- 0.3 m
Nitrate Nitrogen 0.2 m
Total Solids 136 m

Silica (Si02) 82 ppm

Sulfate S04 <0.2 ppm

TABLE 6
RLWCS MATERIALS COMPATIBILITY WITH DESIGN BASIS WASTE STREAMS *

Underground Vault
Material/ Primary Piping Primary Piping Plug Valves Plug Values

Environment (HDPE) (Type 316 SST) (Cast Iron) EP Lining)
Ground Water R E ND R
Freon R G ND R
CuttingOil U G ND R
Detergents R G ND R
MethyleneChloride U G G R
Viothene ND ND ND ND
Ammonia R E G R
Sodium Hydroxide R E G R
HydrogenPeroxide R G G R
Acetic Acid R E E R
Chromic Acid R E E R
HydrochloricAcid R U G R
HydrofluoricAcid R U U R
Nitric Acid R E E R
Perchloric Acid R U G R
PhosphoricAcid R E G R
Sulfuric Acid R U E R
Penetration Rate for Metals : E = less than 2 mpy, G =less than 20 mpy, ND = no data,
S = less than 50 mpy, and U = greater than 50 mp y
Penetration Rate for Nonmetals : R = Resistant, U = Unsatisfactory
* Extracted from Reference 2



TABLE 7
PRIMARY PIPE DUROMETER TEST RESULTS

Vault Average Durometer
ULR1162 66
ULRl 163 62
ULR1160 65
ULR1170 67
WM72 66

Vault
Exterior

Vault
Interior

Pipe
Interior

Overall
Average

Vault
Exterior

Vault
Interior

Pipe
Interior

Overall
Average

TABLE 8
SCORING FOR VAULT ULR1 162 .

Grade Least Degraded Area(s) Most Degraded Area(s)

1
.5 Concrete shows no visible or Steel vault cover shows mil d

structural degradation . surface rust.
Exterior surfaces of pipes, Epoxy coating on vault wall is

2 .0 welded joints, valves, and cracked and peeling earned thi s
flanged joints are like new and area a grade of 4 .
earned a grade of 1 .
HDPE surface appears smooth Stainless pipe is sufferin g

2 .5
and undamaged under layer of pitting plus general corrosion
biological slime and deposits . and heat tint corrosion at

welds .

2 .0

TABLE 9
SCORING FOR VAULT ULR1 163 .

Grade Least Degraded Area(s) Most Degraded Area(s)

1 .5 Concrete shows no visible or Steel vault cover shows mil d
structural degradation. surface rust .
All exterior surfaces of pipes, Failed test signal from the lea k

1 .4 valves, flanges, walls, and floor detector earned the leak
scored no worse than a 1 .5. detector a score of 4.
HDPE surface appears clean, Stainless pipe is suffering

3 .0 smooth, and undamaged in moderate to severe pitting ,
most areas. No slime buildup . weld, and general corrosion .

1 .7



Vault
Exterior

Vault
Interior

Pipe
Interior

Overall
Average

Vault
Exterior

Vault
Interior

Pipe
Interior

Overall
Average

Vault
Exterior

Vault
Interior

Pipe
Interior

Overall
Average

TABLE 10
SCORING FOR VAULT ULR1 160 .

Grade Least Degraded Area(s) Most Degraded Area(s)

1
.5 Concrete shows no visible or Steel vault cover shows mild

structural degradation . surface rust .
All exterior surfaces of pipes, Coating degradation earned al l

2.0 joints, welds, hangers, stands, concrete surfaces of the vault a
and clamps scored a 1 . score of 4.
HDPE surfaces show less Stainless surfaces coated .

2.0 precipitate buildup than Welds and other areas canno t
stainless surfaces. be inspected.

1 .8

TABLE 1 1
SCORING FOR VAULT ULRI 170 .

Grade Least Degraded Area(s) Mo st Degraded Area(s)

1 .0 Concrete shows no visible or Steel vault cover shows mil d
structural degradation. surface rust .
With the exception of the wall Coating degradation on wall s
coating and leak detector earned a failing score of 4 .

1 .7 degradation, all other areas of Leak detector functional, but i n
the vault interior inspection bad condition .
scored no worse than a 1 .5 .
HDPE surfaces in good Stainless steel moderately

3 .0 condition with only slight layer degraded with pits, genera l
of scale. corrosion, and weld corrosion.

1 .9

TABLE 12
SCORING FOR VAULT WM72 .

Grade Least Degraded Area(s) Most Degraded Area(s)

1 .0 Concrete shows no visible or Steel vault cover shows mil d
structural degradation . surface rust.
Exterior surfaces of pipes, Coating degradation on wall s

2
.1 valves, and other vault and floor earned a score of 4 .

equipment scored a grade of 1 . Leak detector functional, but in
bad condition .

Surface scale prevents close Stainless steel shows areas o f
2 .5 examination, but no severe general corrosion and wel d

degradation noted. heat tint corrosion.

1 .9
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FIGURE 1 - East area piping and vaults of the LANL RLWCS .
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FIGURE 2 -West area piping and vaults of the LANL RLWCS .
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FIGURE 3 - Borescopic camera inserted
through existing ball valves in system .
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Figure 5 - Degradation of epoxy wall coating in
vault ULR1162 .
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Figure 7 - General corrosion of leak detectio n
equipment in vault ULR1170 .
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FIGURE 4 -Typical RLWCS vault manhole
cover showing only light surface rust .
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Figure 6 - Coating degradation in vault WM72
manhole access area .
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Figure 8 - Exterior surfaces of primary piping in
vault ULRI 1 62 .
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Figure 13 - Precipitate and nodules on interior
surface of stainless steel pipe in vault ULR1163 .
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Figure 12 Precipitates on interior ;ui-t'.ice of
primary HDPE pipe in vault ULR 1162 .

Figure 14 - Slime coating on interior surface of
stainless steel pipe in vault LTLR1162 .

Figure 9 - Exterior surfaces of primary piping in
vault WM72 .

Figure 11 - Lack of electrical isolation between
cast iron plug valve and stainless steel piping .



Figure 15 - Interior of primary HDPE pipe at

joint with stainless pipe in vault ULR1163 .
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Figure 17 - Heat tint corrosion around weld in
stainless primary pipe in vault ULR1162 .

Figure 16 - Heat tint corrosion around weld in
stainless primary pipe in vault ULR1 163 .

Figure 18 - General corrosion around stainless

steel primary pipe butt weld in vault ULR1162 .

Figure 19 - General corrosion around stainless
steel primary pipe butt weld in vault ULR 1163 .

Figure 20 - General corrosion around stainless
steel primary pipe butt weld in vault ULR1170 .



Figure 21 -Pitting corrosion in stainless steel
primary pipe in vault ULR1162 .

Figure 23 - Pitting corrosion in stainless steel

primary pipe in vault ULR1163 .

Figure 22 - Pitting corrosion in stainless steel
primary pipe in vault ULRI 163 .

Figure 24 - Uninsulated joint between stainless
pipe and cast iron plug valve in vault ULR1162 .




