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1 .  E X E C U T I V E  S U M M A R Y  

This Technical Memorandum (TM) presents the results of the structural evaluation for the existing digesters 
at the San Jose/Santa Clara Water Pollution Control Plant (WPCP). The purpose of this TM is to determine 
whether the digesters are capable, either in their existing or modified state, of structurally accommodating 
steel, concrete, aluminum, or composite material fixed covers, including submerged and non-submerged fixed 
covers. This TM also summarizes the findings of visual inspections of the interior and exterior of the 
digesters, estimates the condition and useful life of the digesters, identifies the need for repairs and coating of 
the existing structures, and identifies and recommends structural modifications required to accommodate new 
covers. 

The structural evaluation was completed on three different digesters (Digesters 1, 4, and 12) at various water 
surface elevations, internal gas pressures, and sludge temperatures. The evaluation was performed in three 
different and successive steps with the objective of estimating a loading condition that would maximize 
digester capacity while minimizing rehabilitation. The first step of the evaluation was to evaluate Digesters 1 
and 12 at maximum operating conditions. This loading condition proved to be excessive for the existing 
digesters and it required extensive concrete rehabilitation. The second step was to perform a qualitative 
sensitivity analysis on the effects of various loading conditions on the resultant stresses in Digesters 1 and 12.  
The qualitative sensitivity analysis found that the water surface elevation considerably impacts the structural 
demand of the digesters. The third and final step was to identify a final water surface elevation, gas pressure, 
and sludge temperature that would allow increased digester capacity, while minimizing rehabilitation.  In step 
1 and 2, it was determined that Digester 1, representing Digesters 1 through 11, was not suitable for 
rehabilitation for increased loading.  Therefore, for step 3, Digester 4 was evaluated to be representative of 
Digesters 4 through 11.  

Based on the evaluation, the summary of the findings and digester rehabilitation recommendations are as 
follows:  

 Digesters 1 through 3 do not have any additional capacity to accommodate a new concrete fixed cover or 
to increase the current water surface elevation. Since these digesters are the oldest and smallest of the 
digesters and rehabilitation is cost prohibitive, Brown and Caldwell (BC) recommends that these digesters 
continue to operate at their original design water surface elevation. 

 Digester 4 through 11 can accommodate a new submerged or non-submerged fixed cover. The 
submerged fixed cover requires more rehabilitation than the non-submerged cover because of the higher 
water surface elevation and weight of the cover.  

 Digester 12 through 16 can accommodate a new submerged or non-submerged fixed cover. The 
submerged fixed cover requires structural rehabilitation; while the non-submerged fixed cover scenario 
requires no structural rehabilitation. 

 The exterior concrete walls of the digesters above grade are in good condition and the tops of the walls 
appear to be in good structural condition for installing new fixed covers. The interior of the digesters walls 
need to be coated to increase the life from 15 to 20 years (without coating) to 35 to 40 years (with 
coating). Flexible coatings, such as polyurethane, are preferred over epoxy coatings because epoxy 
coatings are brittle and during a seismic event, the walls deform slightly and the epoxy coating will crack. 
Plastic lining is not recommended for existing digesters walls because the lining is typically attached with 
epoxy adhesive or mastic to the walls and with the high internal temperature of the sludge in the digesters, 
the lining tends to de-bond from the wall.     
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 If the existing steel covers are re-used or if they remain in service for an extended period of time, they 
should be rehabilitated with an abrasive blast to near white metal and recoated with a high build epoxy 
coating system.  

 The settlement around Digester 4 can be attributed to poor compaction of the 20-foot deep layer of 
backfill around the digester. Digester 4 does not seem to have settled but only the ground surrounding it. 
Typical recommendations for this type of settlement include over excavation of the top two feet of soil 
and recompaction of the soils and installation of flexible joint couplings to all piping connected to the 
digester wall. 

 All digesters are equipped with pressure relief valves in the bottom slab and some of the digesters are also 
equipped with under drainage systems. The pressure relief valves and the under drainage systems have 
worked well based on the fact that none of the digesters have been damaged due to groundwater uplift 
pressures. BC recommends inspecting the pressure relief valves during digester maintenance and 
unclogging valves as required. 

 The existing digesters are equipped with 24-inch diameter access man ways. These man ways are small and 
present problems to personnel accessing the interior of the digesters. Larger diameter man ways have been 
successfully installed in other digesters with similar post-tensioning systems, but the process is expensive, 
requiring either jacking the rods apart or installing new spreader bars to maintain the support of existing 
post tensioning and installing new man ways. BC recommends that the existing access man ways be 
replaced with new larger man ways if the digesters are rehabilitated to accommodate the proposed new 
fixed covers.   

2 .  I N T R O D U C T I O N  

The purpose of this TM is to discuss the results of the structural evaluation on the existing digesters at the 
WPCP and to determine whether they are capable, either in their existing or modified state, of structurally 
accommodating steel, concrete, aluminum, or composite material fixed covers, including submerged and non-
submerged fixed covers. Beyaz and Patel, Inc. (B&P), a subconsultant to Brown and Caldwell (BC), reviewed 
two existing geotechnical investigation reports, conducted a visual inspection of the exterior of the digesters, 
and completed an initial structural evaluation of the digesters assuming reasonable maximum operating 
conditions, which are described in Section 5.1. Because many of the digesters have the same or similar 
designs, not all of the digesters were individually evaluated. Therefore, for evaluation and modeling purposes, 
the digesters were placed into one of two categories based on their structural characteristics (i.e., age, concrete 
and rebar strength, and construction methods). Two digesters were selected to represent the 16 digesters. 
Digester 1 categorized Digesters 1 through 11, and Digester 12 categorized Digesters 12 through 16. The 
results of B&P’s evaluation are presented in Attachment A. As part of the B&P evaluation, a visual corrosion 
inspection of the interior of five digesters that were not in service at the time was conducted by V&A. A 
summary of this inspection is included as an attachment to their report. 

The B&P report determined that under reasonable maximum operating conditions, significant structural 
modifications would be required for any of the fixed roof cover options. Therefore, a sensitivity analysis was 
conducted by BC to optimize the capacity of the digesters with minimal structural rehabilitation for new fixed 
roof covers on the existing digesters. The results of the sensitivity analysis are provided in Section 5.   

The description of existing digesters, existing documents, and references were presented in the B&P report 
(Attachment A); and therefore, are not repeated in this TM. Structural calculations of the qualitative 
sensitivity analysis and the final digester evaluations are included in Attachment B. 
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2.1 Scope of Work 
The following subjects are covered in the scope of work:  

 Develop up to two structural computer models with seismic loading criteria.  

 Group each of the 16 existing digesters into one of the two structural computer models for analysis, based 
on similar structural design attributes and conditions.  

 Identify structural modifications required to accommodate new covers. 

 Identify and recommend structural attachments for cover and mixing elements.  

 Identify constructability issues.  

 Perform a visual inspection of the exterior concrete of the digesters to estimate condition, remaining 
useful life, and need for repairs and/or coating of the existing structures. 

 Assumes that up to five digesters will be inspected and will be representative of the 16 existing digesters. 

 Review relevant reports including geotechnical reports, specifications, and drawings regarding the 
digesters.  

 Evaluate damage due to settlement in existing structures. 

 Evaluate the need for control of hydrostatic pressure due to high groundwater. Evaluate structural options 
for adding personnel and cleaning equipment access into existing digesters. 

 Include in the TM general recommendations, specific rehabilitation methods, and appropriate materials 
for corrosion protection. A discussion of alternative concrete coating materials, alternate structural 
materials and coatings shall be included, along with advantages and disadvantages of each. 

 Prepare a draft TM summarizing the evaluations described under Task 4.1 and provide recommendations. 

3 .  R E V I E W  O F  E X I S T I N G  G E O T E C H N I C A L  I N V E S T I G A T I O N  
R E P O R T S  

B&P reviewed two existing geotechnical investigation reports to obtain general foundation design criteria for 
the digester evaluation. The two geotechnical reports available for review were the following reports: 

1. “Report, Foundation Investigation, Proposed Sewage Treatment Works, Santa Clara County, 
California, for the City of San Jose”, September 1954, by Dames & Moore. 

2. “Geotechnical Report”, November 1974, by Woodward-Lundgren & Associates. 

Based on the general recommendations obtained from the geotechnical reports, the basis for the foundation 
criteria to be used for the digesters evaluation were the following: 

 Allowable Net Soil Bearing Pressures (fb) in pounds per square foot (psf):  

 Digesters 1 through 11:  fb = 1,500 psf (Dead Load) - Geotechnical Report 1 

 Digesters 1 through 11:  fb = 2,000 psf (Total Load) - Geotechnical Report 1 

 Digesters 12 through 16:  fb=  3,000 psf (Dead Load) - Geotechnical Report 2 

 Soil rigidity in vertical direction was assumed to be 50 pounds per cubic inch (pci) downward. 

 Ground water table was at 4 feet below grade. 

 Passive resistance to lateral forces by the soil will develop after a slight horizontal movement. The 
digesters would then bear laterally against the soil, which would prevent further movement. The passive 
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soil pressure capacity was assumed to be 250 pounds per cubic foot. Soil rigidity in the horizontal 
direction was assumed to be 40 pounds per cubic foot. 

 The site is located in close proximity to active earthquake faults, according to geotechnical reports. The 
structural evaluation was performed using the site-specific seismic acceleration response spectra 
coefficients, as required by code, utilizing United States Geological Survey (USGS) maps and the latitude 
and longitude of the site location, and are listed below. 

4 .  V I S U A L  I N S P E C T I O N S  A N D  R E C O M M E N D E D  R E P A I R S  

BC contracted with V&A to perform an interior inspection of Digesters 2, 4, 5, 6 and 8 and to review existing 
coating inspection reports, prepared by other consultants for Digesters 1 and Digesters 3 through 16. V&A 
conducted the visual inspections on October 27 and 28, 2008. B&P also conducted a visual inspection on 
October 30, 2008, to assess the condition of accessible exterior areas of each of the 16 digesters. This section 
presents the findings of the visual corrosion inspection, coating inspection reports, and the visual inspection 
of the exterior of the digesters. The final digester condition assessment report can be found in Attachment A. 
Physical evaluations including thickness of the steel cover plates, integrity of welds on the cover, and attic 
space condition were beyond the scope of V&A’s work; and therefore, were not completed. 

4.1 Visual Inspection Findings 
The key observations and findings of the exterior visual inspection conducted by B&P are summarized 
below: 

 Minor hairline cracks were observed in the exterior gunite wall cover over the post-tensioned hoop steel. 
Most cracks were multidirectional and spider web type cracks and most of these cracks were the 
reopening of previously patched cracks. 

 There were a few larger horizontal discolored cracks in the gunite cover observed on Digesters 1 
through 8. 

 There was a major crack and spall in the gunite wall cover where a pipe penetrates the digester wall near 
grade on Digester 6. 

 The top and inside faces of the digester walls above the floating covers where the structural concrete 
surface is exposed were free of cracks, corrosion stains, and concrete spalling. This area of each digester 
was of particular interest since it is the only exterior area where the actual concrete surfaces is exposed and 
this is where a new fixed roof cover would be attached. 

The findings of the interior and exterior visual inspection conducted by V&A are summarized below: 

 Interior walls of Digesters 2, 4, 5, 6 and 8 have not been adversely affected due to corrosion and can be 
expected to have an additional 15 to 20 years of life expectancy, which can be extended to 35 to 40 years if 
the interior walls are coated with a protective coating. 

 Exterior walls of Digesters 2, 3, 4, 5 and 8 are in good condition 

 Exterior wall of Digester 6 show some stains that may be indicative of corrosion of the steel mesh in the 
gunite coating. The concrete beneath the coating is believed to be in good condition. 

 Underside of interior roof at Digester 2 is severely corroded. 

 Underside of interior roof of Digesters 5, 6, and 8 show some surface corrosion. 

 Metallic appurtenances in the interior of Digesters 2, 5, 6, and 8 are in good condition with some 
superficial corrosion. 



Technical Memorandum 4.1 Digesters Structural Evaluation, Corrosion Protection and Concrete Rehabilitation 

 

8 

P:\136000\136242 - San Jose Digester Upgrade\Final Tech Memos\TM-4.1 Final.doc 

 Conduits in the interior of Digesters 5 and 8 near the roof show signs of rust staining. Conduits near the 
floor are in good condition. 

 Circulation piping in Digester 2 is in good condition. 

 Fractures on the concrete stairway on Digesters 5 and 6 are noted and were most likely caused by the 
corrosion of the handrailing. 

 Handrails at Digesters 6 and 8 show surface corrosion in some locations. 

 Minor concrete damage at Digester 8.  

4.2 Results, Conclusions, and Recommendations 
The overall conclusion from the B&P site visit was that the exterior concrete walls of the digesters above 
grade are in good condition and the concrete walls should not be adversely affected due to aging. In addition, 
the tops of the walls appear to be in good structural condition for new fixed roof covers to be installed in the 
future. V&A investigation also indicates that the digester concrete walls are in good condition, and that the 
walls and post-tensioning system do not appear to be adversely affected due to aging. 

General recommendations and specific recommendations for each individual Digester are listed below. Full 
recommendations can be found in the B&P and V&A reports in Attachment A. 

General Recommendations: 

 Interior concrete surfaces of all the digesters to be converted to a fixed roof configuration should be 
coated with a 100 percent solids polyurethane coating at a minimum dry film thickness of 125 mils to 
protect against future deterioration of the concrete. 

 Ultrasonic thickness testing and a structural analysis should be performed on all of the existing digester 
floating covers if they are to be re-used or remain in service for an extended period of time. 

 If they are to remain in service, steel covers should be rehabilitated with an abrasive blast to near white 
metal and recoated with a high build epoxy coating system if they are to be re-used or remain in service 
for an extended period of time. 

 All interior piping should be recoated with a 100 percent solids polyurethane or epoxy after being sand 
blasted to near white metal. 

 Interior surfaces of all digester piping should be assessed in order to determine the extent of corrosion. 

 The exterior piping should be recoated. 

Specific Recommendations: 

Digester No. 1 

 Digester cover should be coated with 100 percent solids polyurethane or epoxy coating at a minimum dry 
film thickness of 80 mils if it is re-used or remains in service for an extended period of time. 

Digester No. 2 

 Hairline cracks should be repaired with a similar acrylic coating. 

 Digester cover is severely corroded and should be removed and replaced if it is needed. 

 The valves are leaking and should be replaced. 

Digester No. 3 

 The 2005 digester coating inspections recommended that the underside of the digester cover be recoated 
in two to four years. If this has not been completed, the cover should be recoated. 
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Digester No. 4 

 Visible hairline cracks should be repaired with a similar acrylic coating. 

 The 2005 digester coating inspections recommend that the underside of the digester cover should be 
recoated before being put back into operation. If this has not been completed, the cover should be 
recoated. 

Digester No. 5 

 Hairline cracks should be repaired with a similar acrylic coating. 

 A metal thickness and a structural analysis are recommended to be performed on the digester cover. 

 Repair handrail concrete fractures on stairways. 

Digester No. 6 

 Hairline cracks should be repaired with a similar acrylic coating. 

 Observed spalls should be repaired with a repair mortar. An acrylic top coat should be applied on top of 
the repair material. 

 Complete coating rehabilitation of the digester cover. 

 Repair handrail concrete fractures on stairways. 

Digester No. 7 

 Coating rehabilitation may be required in three to five years. 

Digester No. 8 

 Hairline cracks should be repaired with a similar acrylic coating. 

 The coating system for the digester cover should be rehabilitated in the next one to two years. 

 Spalling on the concrete support base should be cleaned and repaired with a repair mortar. Any exposed 
reinforcement should be cleaned of rust and coated with a corrosion inhibitor prior to application of the 
repair mortar. 

Digester No. 9 

 Digester cover should be re-inspected in the next year. 

Digester No. 10 

 A complete coating rehabilitation should be done within the next year. 

Digester No. 11 

  The 2004 digester coating inspection recommended recoating the interior attic surfaces and the skirt area 
with the next two years. This should be done if it has not been completed to date. 

Digester No. 12 

 The 2003 digester coating inspection report recommended that the underside of the cover be recoated in 
five to six years. If this has not been done, the cover should be recoated within the next year. 

Digester No. 13 

 Prior inspection reports for the digester cover indicate that the bottom of the cover should be recoated 
between 2008 and 2010. This cover should be re-inspected to determine if rehabilitation is required at this 
time. 
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Digester No. 14 

 The 2003 inspection report for the digester cover recommended that localized corrosion on the iron 
frame work in the attic space be touched up. This should be completed if it has not been completed. 

 The underside and the attic space should be re-inspected in the next one to two years. 

Digester Nos. 15 and 16 

 Prior inspection reports for the digester covers recommended that the bottom of the covers be recoated 
between 2005 and 2006. The covers should be re-inspected to re-assess the existing state of the coating 
and to determine if rehabilitation is required at this time. 

5 .  D I G E S T E R  S T R U C T U R A L  L O A D I N G  C R I T E R I A  A N D  
E V A L U A T I O N  M E T H O D O L O G Y  

This section describes the methodology and the structural design loading criteria used to evaluate the 
digesters. The objective of the evaluations was to determine if the existing digesters could structurally 
accommodate the proposed fixed covers, including submerged and non-submerged cover scenarios. A 
qualitative sensitivity analysis was completed with the objective being to determine the structural loading 
condition that would maximize the digester capacity while minimizing any structural rehabilitation.  

5.1 Design Criteria, Methodology and Summary of Results 
B&P evaluated Digesters 1 through 16 using two different structural models that were considered 
representative of the 16 different digesters at the facility. Digester 1 represented Digesters 1 through 11 and 
Digester 12 represented Digesters 12 through 16. Both digester models evaluated submerged and non-
submerged cover scenarios. The submerged fixed cover scenario requires a reinforced concrete cover suitable 
to resist the internal pressures exerted by the liquid and gas. The non–submerged fixed cover scenario 
includes steel, concrete, aluminum, and composite cover types. The evaluation was based on the following 
desirable maximum loading conditions:  

 Submerged concrete fixed cover with a water surface elevation of 7 feet above the digester walls. 

 Non-submerged fixed cover with water surfaces of 2 and 4.5 feet below the top of the digester walls. 

 Thermophilic conditions (sludge temperature of 135 °F) for all scenarios. 

 18-inch water column gas pressure for all scenarios.  

The evaluation methodology, results, conclusions, and recommendations were presented in B&P’s report 
(See Attachment A). The structural evaluation results for Digester 1 are presented in Table 8-1 and results for 
Digester 12 are presented in Table 8-2 of the B&P report. The D/C ratios in the tables represent the demand 
“D” divided by the capacity “C”. The demand is the strength requirement for the specified loading condition 
based on the analysis and the capacity is the strength capacity calculated using the current code for the 
structure or structural attribute listed. Since the current codes allow a 10 percent increase in the calculated 
capacity for the evaluation of existing structures in good condition, the maximum allowable D/C ratio of 1.10 
would meet the current code requirements. Structural elements with a D/C ratio less than or equal to 1.10 
meet current code requirements for strength;  and therefore, are determined to be “acceptable”; those with 
ratios larger than 1.10 do not have sufficient strength capacity as compared to the strength needed; and 
therefore, are determined to be “unacceptable”. 
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A summary of the results from the B&P report is presented below: 

 Digester 1 has demand over capacity (D/C) ratios in excess of 1.25 for hoop tension stresses in the 
circumferential prestressing bars under static loading condition for the non-submerged scenario and 
D/C ratios in excess of 1.63 under static loading condition for the submerged scenario.  

 Digester 1 has D/C ratios in excess of 1.10 for shear stresses at the base of the wall under all loading 
conditions for the submerged scenario and under the static plus seismic loading condition for the non-
submerged scenario. 

 Digester 1 would experience net uplift of the base during the design seismic event. 

 Digester 12 has D/C ratios in excess of 1.10 for hoop tension stresses in the circumferential prestressing 
bars under all loading conditions for the submerged scenario and under the static plus seismic loading 
condition for the non-submerged scenario. 

 Digester 12 has D/C ratio of 1.14 for shear stresses at the base of the wall under the static plus seismic 
loading condition for the non-submerged scenario, and a D/C ratio in excess of 1.10 for the submerged 
scenario. 

 Digester 12 has D/C ratios in excess of 1.10 for wall footing soil bearing pressure under all loading 
conditions for both submerged and non-submerged scenarios. 

The results of the evaluation showed that Digester 1 was overstressed on both submerged and non-
submerged fixed cover scenarios and would require extensive concrete rehabilitation to accommodate the 
maximum operating conditions. Digester 12 was also overstressed, but would require less rehabilitation. 

5.2 Sensitivity Analysis Design Criteria and Methodology  
Following the B&P analysis, BC performed a sensitivity analysis of Digesters 1 and 12 to determine the 
loading conditions (i.e., water surface elevation, internal gas pressures, and sludge temperatures, or the 
combination thereof) that would provide a loading condition that minimizes the concrete rehabilitation and 
maximize the capacity. The scenarios evaluated for the sensitivity analysis are described below:  

 Submerged fixed covers under mesophilic conditions (sludge temperature of 100 °F), normal operating 
water surface elevation of 5 feet above the digester walls, emergency overflow water surface elevation of 
7 feet above the digester walls, and 12-, 14-, and 16-inch water column gas pressures. 

 Non-submerged fixed covers under mesophilic conditions, normal operating water surface elevation 4 feet 
below top of digester wall, emergency overflow water surface elevation of 2 feet below the digester walls, 
and 12-, 14-, and 16-inch water column gas pressures. 

 Non-submerged fixed covers under thermophilic conditions (sludge temperature of 135 °F), normal 
operating water surface elevation 4 feet below top of digester wall, emergency overflow water surface 
elevation of 2 feet below the digester walls, and 12-, 14- and 16-inch water column gas pressures. 

The sensitivity analysis was completed using MathCAD engineering calculations software to obtain shear, 
bending, and hoop stresses in the digester wall for the different loading conditions. The stresses from the 
different loading conditions were combined using the appropriate load factors and compared to the capacity 
of the existing digester walls. The results of the analysis are summarized in Section 5.4. 

5.3 Final Digester Design Criteria and Evaluation Methodology 
The sensitivity evaluation showed that Digesters 1 through 3 cannot accommodate any new loads without 
requiring major rehabilitation; therefore, it was decided that Digester 4 would representative Digesters 4 
through 11 in subsequent analyses. Digesters 4 through 11 are 110-feet in diameter with 40-foot walls, while 
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Digesters 1 through 3 are only 100-feet in diameter with 32.5-foot walls. A new computer model for 
Digesters 4 and 12 and a new loading condition was set for Digesters 4 through 16 that made rehabilitating 
the digesters feasible. The new evaluation was based on the following loading conditions:  

 Submerged fixed covers under mesophilic conditions (sludge temperature of 100 °F), normal operating 
water surface elevation of 3 feet above the digester walls, emergency overflow water surface elevation of 
5 feet above the digester walls, and 16-inch water column gas pressures. 

 Non-submerged fixed covers under mesophilic conditions, normal operating water surface elevation 4 feet 
below top of digester wall, emergency overflow water surface elevation of 2 feet below the digester walls, 
and 16-inch water column gas pressures. 

 Seismic coefficients: 

 Site Class D  

 Fa = 1.0 

 Fv = 1.5 

 SMS = 1.500; SM1 = 0.900 

 SDS = 1.000; SD1 = 0.600 

 Importance Factor I = 1.25 

 Ambient Temperature: 40° F (minimum). 

 Vacuum Pressure: 5 inches of water column equal to 26 pounds per square foot (psf) downward suction 
pressure on proposed roof structure. 

Digester dimensions and material properties:  

 Digesters 4 through 11:  

 Digester diameter: 110 feet 

 Digester wall height: 40 feet 

 Concrete wall thickness: 10 inches 

 Concrete 28-day compressive strength:  3,000 pounds per square inch (psi). 

 Reinforcing steel conforming to ASTM A15, intermediate grade with 40,000 psi minimum tensile 
yield strength  

 Circumferential post-tensioned steel rods stressed at 55, 000 psi 

 Digesters 12 through 16: 

 Digester diameter: 110 feet 

 Digester wall height: 40 feet 

 Concrete wall thickness: 14 inches 

 Concrete 28-day compressive strength: 4,000 psi 

 Reinforcing steel conforming to ASTM A615 with 60,000 psi minimum tensile yield strength. 

 Vertical prestressing bars have 145,000 psi ultimate tensile strength and 125,000 psi minimum 
yield strength. 

 Circumferential seven-wire strand prestressing with 3/8-inch-diameter strands with a minimum 
tensile strength of 21,400 lbs. and minimum yield strength is 16,000 lbs. 

 A 10 percent overstress is assumed to be acceptable for analyzing and evaluating the digesters. 
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The new computer models were completed by BC using the structural engineering computer software RISA 
3D. The new computer models were similar to the model used for Digester 12 in the B&P report so that 
external soil loads and live loads could be used for the new evaluation. The hydrodynamic loads due to the 
design seismic event, based on ACI 350.3, were calculated using MathCAD sheets.  

5.4 Final Results of Sensitivity Analysis and Final Evaluation 
This section presents the findings of the sensitivity analysis and the results of the final evaluation of 
Digesters 4 and 12.  

5.4.1 Sensitivity Analysis Findings 

The findings of the sensitivity analysis are summarized below: 

 The water surface elevation considerably impacts the stresses of the digesters. 

 The thermophilic sludge temperature increases the bending and hoop stresses in the digesters by 
approximately 15 percent.  

 The internal gas pressure did not affect the results of the digester walls. 

 Digesters 1 though 3 do not have any additional capacity to accommodate a new concrete fixed cover or 
to increase the current water surface elevation.  

5.4.2 Digester 4 Evaluation Results 

The key findings from the structural evaluation of Digester 4 are presented in Table 5-1. 

 
Table 5-1.  Digester 4 Structural Evaluation Results 

Item 
Static Loading 

Non-Submerged 
Static Loading 

Submerged 

Static + Seismic 
Loading 

Non- Submerged 

Static + Seismic 
Loading 

Submerged 

Shear Stress at Base of Wall Acceptable Acceptable Acceptable Acceptable 

Hoop tension Stress in 
Circumferential Prestress 
Bars 

Acceptable 
Unacceptable 

(D/C = 1.22 from  
10’ to 35’ above base) 

Unacceptable 
(D/C = 1.24 from  

15’ to 25’ above base) 

Unacceptable 
(D/C = 1.91 from  

8’ to 35’ above base) 

Footing Soil Bearing Pressure Acceptable Acceptable 
Unacceptable 
(D/C  = 1.40) 

Unacceptable 
(D/C  = 1.55) 

5.4.3 Digester 12 Evaluation Results 

The key findings from the structural evaluation of Digesters 12 are presented in Table 5-2.  
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Table 5-2.  Digester 12 Structural Evaluation Results 

Item 
Static Loading 

Non-Submerged 
Static Loading 

Submerged 

Static + Seismic 
Loading 

Non- Submerged 

Static + Seismic 
Loading 

Submerged 

Shear Stress at Base of Wall Acceptable Acceptable Acceptable Acceptable 

Hoop tension Stress in 
Circumferential Prestress Bars 

Acceptable Acceptable Acceptable 
Unacceptable 

(D/C = 1.36 from  
10’ to 30’ above base) 

Footing Soil Bearing Pressure Acceptable Acceptable 
Unacceptable 
(D/C  = 1.25) 

Unacceptable 
(D/C  = 1.40) 

5.5 Digester Rehabilitation 
The submerged fixed cover alternative requires a concrete cover that is suitable to resist large uplift loads due 
to internal liquid and gas pressures. The digesters cannot accommodate a clear span concrete cover because 
of its weight and seismic overturning; therefore, the submerged concrete cover would require at least four 
columns be installed inside the digester to resist at least 70 percent of the total weight. The rest of the cover 
weight can be resisted by the digester walls, which were designed to resist the weight of the existing floating 
covers when resting on the wall corbels. Since the loads from the new columns would likely exceed the soil 
bearing capacity, the columns would need to be supported by drilled piers and a pile cap. 

The digesters that require hoop strengthening can be retrofitted by adding post-tensioning monostrands over 
the length of the wall requiring strengthening. Two layers of sheathing protect the monostrands, but a layer of 
shotcrete over the monostrands is recommended for added protection, aesthetics, and insulation value.  

The evaluations also revealed that the soil bearing capacity under the digester wall footings will be exceeded 
for certain loading and cover conditions. One way to mitigate this problem is to underpin the footings using 
mini piles or drilled piers. The underpinning could be constructed from the inside of the digesters. The soil 
bearing capacities were obtained from the original geotechnical investigation reports. B&P and BC 
recommend that a geotechnical consultant be contracted to determine the actual allowable soil bearing 
capacity of the soil underneath the footings, which would be expected to be higher than the normal loading 
(dead plus live loads) allowable of 3,000 psf (with a 33 percent increase for seismic loading) used in the 
evaluations. This is because the subgrade soil has consolidated over the years due to the heavy weight of the 
digester structure. The need for underpinning may be eliminated if the soil bearing capacity is revised 
favorably. 

Hoop tensile stresses and bending stresses can increase as much as 20 percent due to thermal stresses from 
high liquid temperatures under the thermophilic condition. These stresses can be minimized by providing 
insulation on the outside face of the walls. Shotcrete required for covering the post-tensioning monostrands 
for hoop rehabilitation can be designed to provide insulation to the digester walls. 

5.6 Miscellaneous Evaluations  
This section covers the evaluation of the settlement around Digester 4, the need for control of hydrostatic 
pressure due to high groundwater, and structural options for adding personnel and cleaning equipment access 
into existing digesters. 

5.6.1 Settlement in Existing Digesters 

The settlement around Digester 4 is characterized by uneven sidewalk surfaces and by the failure of some of 
the piping connected to the digester. This settlement can be attributed to poor compaction of the 20-foot 
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deep layer of backfill around the digester. Digester 4 does not seem to have settled but only the ground 
surrounding it. Typical recommendations for this type of settlement include over excavation of the top two 
feet of soil and recompact it to 95 percent of the maximum relative compaction of the soils and install 
flexible joint couplings to all piping connected to the digester wall. 

5.6.2 Control of Hydrostatic Pressure Due to High Groundwater 

All digesters are equipped with pressure relief valves in the bottom slab and some of the digesters are also 
equipped with under drainage systems. The pressure relief valves and the under drainage systems have 
worked well since none of the digesters have been damaged due to groundwater uplift pressures. BC 
recommends inspecting the pressure relief valves during each digester cleaning and maintenance period and 
unclogging valves as required. 

5.6.3 Adding Personnel and Cleaning Equipment Access into Existing 
Digesters 

The existing digesters are equipped with 24-inch diameter access manways. These manways are small and 
present problems to personnel to access the interior of the digesters. All digesters are post-tensioned with 
prestressing rods on the outside face of the digesters walls. These prestressing rods present an obstacle for 
installing a larger manway. However, BC has installed larger manways on similar digesters with prestressing 
rods. The process requires either jacking apart the rods or installing new spreader bars to maintain the 
support of existing post tensioning (see Figure 5-1), and installing new manways. This work is generally 
expensive and is done during a major digester rehabilitation project. BC recommends that the existing access 
manway be replaced with new larger manways if the digesters are rehabilitated with new fixed covers. The 
new rehabilitation schemes include strengthening of the digesters using external post-tensioning tendons.      

 

 
Figure 5-1. In a retrofit of an existing digester, a spreader bar  

installed to maintain support of digester post-tensioning around the location of the wall penetration. 
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6 .   O V E R A L L  P R O J E C T  R E C O M M E N D A T I O N S  

The existing digesters were divided into groups that are representative of the different structural 
characteristics (i.e., age, concrete and rebar strength and construction methods) used during the design. The 
evaluations helped determine whether they could structurally accommodate steel, concrete, aluminum, or 
composite material fixed covers, including submerged and non-submerged fixed covers. The main 
conclusions and recommendations derived from the structural evaluations specific for each of the digester 
groups are summarized in the following sections. 

6.1 Digesters 1 through 3 
Digesters 1 through 3 were built in 1956 and are100 feet in diameter with 32.5-foot-high walls. The digesters 
do not have any additional capacity to accommodate a new fixed cover or to increase the current water 
surface elevation. Since these digesters are the oldest and smallest of the digesters and rehabilitation is cost 
prohibitive, BC recommends that the digesters continue to operate at the original water surface elevation.  

6.2 Digesters 4 through 11 
Digester 4 through 11 can accommodate a new submerged or non-submerged fixed cover. The submerged 
fixed cover requires more rehabilitation than the non-submerged cover because of the different water surface 
elevation and weight of the cover. The wall base of Digester 4 is approximately 20 feet below grade, while the 
wall base for Digesters 5 through 11 are only 10 feet below grade; therefore, the construction cost for hoop 
strengthening for Digester 4 is greater than the other digesters due to the extra excavation required.  

The following is recommended for rehabilitation of the submerged fixed cover scenario: 

 Provide additional pre-stressing hoop reinforcement around the tank walls from 8 feet above the base of 
the wall to the top of the tank. This requires excavation 12 feet below the existing ground elevation 
around Digester 4. 

 Insulation is required for the portion of the digester wall above grade for digestion processes using 
thermophilic conditions. 

 Build a new concrete cover supported by four concrete columns, equally spaced inside the digester; the 
concrete columns will be supported on a new pile cap supported by drilled piers 

 Provide underpinning around the interior perimeter of the digester wall, unless a new geotechnical 
investigation indicates that the soil bearing capacity criterion can be increased from prior reports because 
of soil compaction. 

The following is the recommended rehabilitation for the non-submerged fixed cover scenario: 

 Provide additional pre-stressing hoop reinforcement around the tank walls from 5 feet below ground 
elevation to 10 feet above ground elevation 

 Insulation is required for the portion of the digester wall above grade for digester processes using 
thermophilic conditions.  

 Build a new steel cover to be supported on top of the digester wall. 
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6.3 Digesters 12 through 16 
Digester 12 through 16 can accommodate a new submerged or non-submerged fixed cover. The submerged 
fixed cover requires structural rehabilitation; while the non-submerged fixed cover scenario requires no 
rehabilitation. 

The following is the recommended rehabilitation for the submerged fixed cover scenario: 

 Provide additional pre-stressing hoop reinforcement around the tank walls from ground elevation to the 
top of wall.  

 Insulation is required for the portion of the digester wall above grade for digester processes using 
thermophilic conditions 

 Build a new concrete cover supported by four concrete columns, equally spaced inside the digester 

 The new concrete cover will be partially supported by four to 36-inch-diameter concrete columns, equally 
spaced inside the digester; the concrete columns will be supported on a new pile cap supported by drilled 
piers 

 Provide underpinning around the interior perimeter of the digester wall, unless a new geotechnical 
investigation indicates that the soil bearing capacity criterion can be increased from prior reports because 
of soil compaction. 

The following is the recommended rehabilitation for the non-submerged fixed cover scenario: 

 Insulation is required for the portion of the digester wall above grade for digester processes using 
thermophilic conditions  

 Build a new steel cover to be supported on top of the digester wall. 
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1. PURPOSE   
 
The purpose of this Technical Memorandum (TM) is to summarize the results 
and recommendations from a study involving the structural and seismic 
evaluations of existing Digesters 1 through 16 (1–16) at the San Jose/Santa 
Clara Water Pollution Control Plant (WPCP). The evaluations were conducted to 
determine if the existing digesters could accommodate several types of new fixed 
roof covers. 
  
The evaluation was performed using two different structural models that were 
representative of the 16 different digesters at the facility. The types of new roof 
covers considered included new fixed steel, aluminum, concrete and composite 
material. Both submerged and unsubmerged roof covers were considered. 
 
2.  DESCRIPTION OF EXISTING DIGESTERS 
   
There are 16 anaerobic digesters of varying ages and structural design. All 
digesters are circular and partially buried. Each digester is constructed with a 
reinforced concrete core wall which is post-tensioned in hoop compression. The 
post-tensioning steel is protected from corrosion by shotcrete. The concrete walls 
vary from 32 to 40 feet tall and are supported by continuous spread footings. The 
digester floors are slabs on grade which slope downward from the wall footings 
to the center of the digester. Each digester currently has a floating steel roof 
cover, and some of these roof covers have been replaced over the years. 
 
The construction dates of the digesters are as follows: 
 

• Digesters 1,2 and 3: 1956 

• Digester 4: 1960 

• Digesters 5 and 6: 1961 

• Digesters 7 and 8: 1966 

• Digesters 9,10 and 11: 1970 

• Digesters 12,13,14,15 and 16: 1983 
 
The inside diameter is 100’ for digesters 1-3, and 110’ for digesters 4-16.                      
 
3. EXISTING DOCUMENTS  
   
Existing documents including structural drawings, specifications and geotechnical 
reports were provided by the City of San Jose. Specific documents used as 
design input for the evaluations are listed in other sections of this document. No 
original structural design calculations for the digesters were available or provided 
for review. No design documents were provided for digesters 5-8 and 9-11. 
 



It was assumed that the structural design drawings and specifications 
represented as-built conditions for the existing digesters. This includes attributes 
such as material properties, dimensions, details and design conditions.  
 
 
4.  SITE VISIT 
 
A site visit was performed by Beyaz & Patel, Inc. (B&P) on 10-30-08. Visual 
observations were performed to assess the condition of accessible exterior areas 
of each of the 16 digesters. The key observations and findings for the digester 
structures were as follows: 
 

• Minor hairline cracks were observed in the exterior gunite wall cover 
over the post-tensioned hoop steel. Most cracks were multidirectional 
and spider web type cracks, and most of these cracks were the 
reopening of previously patched cracks. 

• There were a few larger horizontal discolored cracks in the gunite cover 
observed on Digesters 1-8. 

• There was a major crack and spall in the gunite wall cover where a pipe 
penetrates the digester wall near grade on Digester 6. 

• The top and inside faces of the digester walls above the floating covers, 
where the structural concrete surface is exposed, were free of cracks, 
corrosion stains, and concrete spalling. This area of each digester was 
focused upon during the site visit since it is the only exterior area with 
the actual concrete surfaces exposed and since any new fixed roof 
covers would typically be attached to the top of the wall and the upper 
inside face of the structural walls of the existing digesters. 

 
The overall conclusion resulting from the B&P site visit was that the exterior 
concrete walls of the digesters above grade were in good condition, and that the 
concrete walls should not be adversely affected due to aging. In addition, the 
tops of the walls appear to be in good structural condition, should new fixed roof 
covers be installed in the future. 
 
In addition to the B&P site visit, V&A performed interior and exterior condition 
assessments of 5 digesters on 10-27 and 10-28-08. Their findings are 
documented in their report number 08-0294, “B&C San Jose WPCP Digester 
Inspection”, which is attached. The results of their investigation also indicate that 
the digester concrete walls were in good condition, and that the walls and post-
tensioning system do not appear to be adversely affected due to aging. 
 
 
 
 
 
 



5.  EVALUATION CRITERIA AND REFERENCES 
 
The following codes, standards and references were utilized for the structural 
assessment of these digesters: 
  
• American Concrete Institute (ACI) Standard 350-06, “Code Requirements 

for Environmental Engineering Concrete Structures” 
• American Concrete Institute (ACI) Standard 350.3-06, “Seismic Design of 

Liquid-Containing Concrete Structures” 
  

• American Water Works Association (AWWA) Standard D110-04, “Wire – 
and Strand-Wound, Circular, Prestressed Concrete Water Tanks” 

• “Serviceability of Circular Prestressed Concrete Tanks” by Ghali and Elliot, 
ACI Journal, June 1992 

 
• Geotechnical Reports: 

A) “Report, Foundation Investigation, Proposed Sewage Treatment 
Works, Santa Clara County, California, for the City of San Jose”, 
September 1954, by Dames & Moore. 

B) “Geotechnical Report”, November 1974, by Woodward-Lundgren & 
                       Associates 
 
• Foundation Criteria: 
 

-  Allowable Net Soil Bearing Pressures in pounds per square foot (psf): 
fb = 1,500 psf (Dead Load) - Geotechnical Report A 
fb = 2,000 psf (Total Load)  - Geotechnical Report A 
fb=  3,000 psf (Dead Load) - Geotechnical Report  B 

 
 - Soil rigidity in vertical direction was assumed 

to be 50 pounds per cubic inch (pci) downward. 
- Ground water table at 4 feet below grade 

 
• Passive resistance to lateral forces by the soil will develop after a slight 

horizontal movement.  The digesters would then bear laterally against the 
soil, which would prevent further movement.  The passive soil pressure 
capacity was assumed to be 250 pounds per cubic foot.  Soil rigidity in the 
horizontal direction was assumed to be 40 pounds per cubic foot. 

• Site is located in close proximity to active earthquake faults, according to 
geotechnical reports.  The structural evaluation was performed using the 
site-specific seismic acceleration response spectra coefficients, as 
required by code, utilizing USGS maps and the latitude and longitude of 
the site location, and are listed below. 

 
  
 
 



 Seismic Coefficients: 
                        
  Site Class D 
  Fa = 1.0 
  Fv = 1.5 
  SMS = 1.500; SM1 = 0.900 
  SDS = 1.000; SD1 = 0.600 
                      Importance Factor I = 1.25 
 
• Operating Temperature of Sludge:  1350 F (maximum). 
• Ambient Temperature: 400 F (minimum). 
• Operating Gas Pressure Inside the Digesters:  18 inch of water column; 

equal to 94 psf upward pressure on proposed roof covers. 
• Vacuum Pressure: 5 inches of water column; equal to 26 psf downward 

suction pressure on proposed roof structure. 
• Specifications for Digesters 1, 2 and 3 indicate that the 28-day concrete 

compressive strength was 3,000 pounds per square inch (psi); reinforcing 
steel is ASTM A15, intermediate grade, with 40,000 psi minimum tensile 
yield strength.  Circumferential post-tensioned steel rods have an 80,000 
psi minimum yield strength and 105,000 psi ultimate tensile strength.  

• Digesters 12-16 have a concrete 28-day compressive strength of 4,000 
psi; steel reinforcement is ASTM A615, with 60,000 psi minimum tensile 
yield strength.  Vertical prestressing bars have 145,000 psi ultimate tensile 
strength and 125,000 psi minimum yield strength.  Circumferential seven-
wire strand prestressing with 3/8-inch diameter strands is specified, with a 
minimum tensile strength of 21,400 lb. and minimum yield strength is 
16,000 lb. 

• A 10% overstress is assumed to be acceptable for analysis and evaluation 
of existing digesters. 

  
6.  ASSUMPTIONS 
 

The following assumptions were used in the structural and seismic evaluations. 
 
• No structural degradation is assumed, based on site visit observations of 

visible accessible areas. 
• Existing structural drawings represent as-built conditions and were 

constructed in accordance with the specifications. 
• Geotechnical reports for Digesters 1, 2 and 3, were assumed to apply for 

all digesters.   
• Allowable soil bearing pressure at grade is 3,000 psf (Dead Load + Live 

Loads) and 4,000 psf (Dead Load + Seismic Loads). Concrete on soil 
coefficient of friction is 0.25. Unit weight of soil is 130 pcf; the allowable 
soil bearing pressures at grade can be increased by 130 pcf X the depth 
of the bottom of the wall footing below grade to determine the allowable 
bearing pressures for the bottom of the footings.  

• It is assumed that thermal conductivity of soil is twice that of concrete. 



 

7.  STRUCTURAL EVALUATION  METHODS & MODEL DEVELOPMENT 
 
The loads used to evaluate the digesters were as follows: 
 
• dead load of the digesters 
• tributary loads from the proposed roof covers, including dead loads, live 

loads, gas and vacuum pressures. 
• hydrostatic load from the sludge contained in the digesters, which acts 

radially outward against the walls, and dead load of the sludge, acting on 
the footing 

• thermal effects, which causes bending in the shell wall due to the thermal 
gradient and radial expansion due to the higher temperature of the sludge. 

• impulsive seismic loads, with short periods of vibration acting in both the 
horizontal and vertical directions 

• convective seismic loads with long periods of vibration 
• lateral earth and ground water pressures acting laterally on the outside 

face of the digester walls 
 
Digesters 1 and 12 were selected for structural evaluation. Separate computer 
math models were developed for each of these two digesters. These two specific 
digesters were selected because of the availability of original design documents, 
and the differences in their ages, dimensions and the structural design features. 
The selection of these two digesters for computer modeling was mutually agreed 
upon by Brown & Caldwell (BC) and B&P.     
 
Digesters 1-3 are the same design and size, and are the oldest group of the 16 
digesters. The walls are 32.5’ high and the wall base varies from 10.5’ to 13’ 
below grade around the digester periphery.  The original maximum operating 
design sludge level was approximately 2.5’ below the top of the digester walls.  
 
Digesters 12-16 are also the same design and size, and are the newest group of 
the 16 digesters. The walls are 40’ high and the wall base is approximately 8’ 
below grade. The original maximum operating design sludge level was 
approximately 5.5’ below the top of the digester walls. 
 
The 16 digesters were originally designed for a positive gas pressure of +9.5” of 
water column and a vacuum pressure of -0.86” of water column. The original 
design sludge temperature was between 95 and 100 degrees F. 
 
The concrete walls of Digesters 1 and 12 were analyzed for all static design 
loads, including a thermal gradient temperature range from 40 degrees F 
(ambient temperature) to 135 degrees F (sludge temperature), hydrostatic fluid 
pressure, design prestress loads (after losses), and tributary roof dead and live 
loads, using ‘Staad-Pro’ 3D (STAAD) finite element computer models.  Effects of 
seismic and hydrodynamic loads, in combination with static fluid and gravity 



loads, were evaluated using the procedures and equations in the AWWA D110-
04 standard. 
 
Two sludge surface levels were investigated using the STAAD model, 
unsubmerged and submerged.  A unit weight of 70 pounds per cubic foot (pcf) for 
the sludge was used in the evaluations. In the unsubmerged case, the sludge 
surface level was assumed to be two feet below the top of the digester wall.  In 
the submerged case, the sludge was assumed to be in contact with the bottom of 
the proposed concrete roof cover, and the sludge surface level at the central 12-
foot diameter opening is six feet above the high point of the sloped slab soffit (or 
7’ above the top of the wall).  Seismic and hydrodynamic loads, using the AWWA 
D110-04 standard, were considered for the unsubmerged condition; the 
submerged condition was not specifically evaluated because a review of the 
unsubmerged condition indicated that the submerged condition was even more 
critical and therefore unacceptable. The new fixed roof covers were assumed to 
be supported at the top of the walls. 
 
Digester walls and their footings were modeled as shell elements in STAAD.   
Element widths were based on a 5 degree spacing, and most elements were 4 
feet high.  Element nodes at the wall base were released as appropriate to 
simulate the sliding and/or hinging actions at the joint between the wall and 
footing.  For example, Digester #1 has a non-sliding keyed base that is relatively 
free to rotate, so wall elements were modeled as hinges at the base nodes.  
Vertical spring constants were specified at footing support nodes to model the 
rigidity of the soil. 
 
Most loads in the STAAD computer analysis were modeled as element 
pressures.  Thermal loads were input as temperature ranges for above ground 
and below ground elements.  Tributary loads from the proposed concrete roof 
structure, including dead, live, gas pressure (for unsubmerged case), and 
vacuum pressure, were input as vertical point loads at the top of the shell wall.  
The concrete roof structure was assumed to have four interior columns that 
support a relatively large portion of the roof loads, with the tributary edge portion 
supported by the digester wall.  Only loads for the proposed concrete roof 
structure were modeled; the remaining roof cover types were considered to be 
less critical  since their weights are less than that of the concrete roof cover. 
 
8.  RESULTS 
  

Key findings from the structural evaluations of the Digesters 1 and 12 walls are 
presented in Tables 8-1 and 8-2, respectively.  The results shown are taken from 
the calculations for the STAAD computer models, for both the unsubmerged and 
submerged sludge level cases, and the Mathcad calculations were used to check 
the AWWA D110-04 requirements for seismic and hydrodynamic loads for the 
unsubmerged sludge level case.  
 



The maximum operating gas pressure, thermal wall gradient, and maximum 
sludge operating levels discussed in Section 5 were used for the static load 
condition. This represented the most critical load condition since these individual 
loads are all assumed to occur simultaneously for the static load condition; 
therefore, the results in the tables are maximum upper bound values. If any of 
the maximum individual design conditions were to decrease, the evaluation 
results provided in the tables would change, and generally be more favorable in 
that more items listed may become acceptable, as defined below.   
 
The D/C ratios in the tables represent the Demand “D” divided by the Capacity 
“C” for each of the various items listed. The Demand is the strength requirement 
for the specified loading condition based on the analysis, and the Capacity is the 
strength capacity calculated using the current code for the structure or structural 
attribute listed. Since the current codes allow for a 10% increase in the calculated 
capacity for the evaluation of existing structures in good condition, the maximum 
allowable D/C ratio of 1.10 would be allowed to meet current code requirements. 
Structural elements with a D/C ratio less than or equal to 1.10 meet current code 
requirements for strength and are therefore determined to be “acceptable”; those 
with ratios larger than 1.10 do not have sufficient strength capacity as compared 
to the strength needed, and are therefore determined to be "unacceptable”. 
When a table entry “Expected to be …” appears, this conclusion is based on 
using engineering judgment and experience by extrapolating similar related 
analytical results from the models evaluated quantatively. For example, for 
Digester 1, item 5, concerning the footing soil bearing pressure, the D/C = 0.91 
for the unsubmerged static load case; based on engineering judgment, the D/C 
ratio is expected to exceed 1.1 for the submerged static load case due to the 
significantly larger weight of the contained sludge acting downward on the footing 
and the increased hydrostatic sludge pressure acting laterally on the walls.  
 
When the entry “Not Applicable” appears in a table, this means that the results 
do not apply. For example, sliding and overturning of the digester would apply 
only when seismic loads are combined with static loads, and therefore would not 
exist or apply under only a static loading condition, submerged or unsubmerged.  
   
 



TABLE 8-1: DIGESTER #1 

 

STRUCTURAL EVALUATION RESULTS 

(See Section 8 for explanation of table terminology) 

 

STATIC LOADING 

 

STATIC + SEISMIC LOADING 

(using AWWA D-110) 
ITEM 

UNSUBMERGED SUBMERGED UNSUBMERGED 

1. Shear Stress at Base of Wall 
Acceptable 

(D/C = 0.97) 

Unacceptable 

(D/C = 1.19) 

Unacceptable  

(D/C = 1.79) 

2. Hoop Tension Stress in 

Circumferential Prestress 

Bars 

Unacceptable 

(D/C = 1.25 to 1.89; from top 

of wall to 5’ above wall base)  

Unacceptable 

(D/C = 1.63 to 2.91) 

Unacceptable  

(D/C = 3.91 at 4’ above  

the wall base) 

3. Overturning Stability 

 
Not Applicable Not Applicable 

Unacceptable 

(net uplift of base occurs) 

4. Sliding Stability 

 
Not Applicable Not Applicable 

Acceptable 

(D/C = 0.84) 

5. Footing Soil Bearing 

Pressure 

Acceptable 

(D/C = 0.91) 

Expected to be Unacceptable 

with D/C > 1.1 

Acceptable 

(D/C = 0.80) 

6. Sludge Wave Height Not Applicable Not Applicable 

Unacceptable 

(Freeboard= 2’; Wave= 4.2’)  

(D/C = 2.1) 

 



TABLE 8-2: DIGESTER #12 

 

STRUCTURAL EVALUATION RESULTS 

(See Section 8 for explanation of table terminology) 

 

STATIC LOADING 

 

STATIC + SEISMIC LOADING 

(using AWWA D-110) 
ITEM 

UNSUBMERGED SUBMERGED UNSUBMERGED 

1. Shear Stress at Base of 

Wall 

Acceptable 

(D/C = 0.48) 

Acceptable 

(D/C = 0.42) 

Unacceptable 

(D/C = 1.14) 

2. Hoop Tension Stress in 

Circumferential 

Prestress Strands 

Acceptable 

(D/C = 0.56 to 0.86) 

Unacceptable  

(D/C = 1.20 at 30’ above base) 

(D/C = 1.11 or less elsewhere) 

Unacceptable 

(D/C = 1.35 at wall base) 

3. Overturning Stability 

 
Not Applicable Not Applicable 

Acceptable 

(seismic cables will resist net 

uplift at the base of the wall) 

4. Sliding Stability 

 
Not Applicable Not Applicable 

Acceptable 

(D/C = 0.77) 

5. Footing Soil Bearing 

Pressure 

Unacceptable 

(D/C = 1.22) 

Expected to  be Unacceptable 

with D/C > 1.22 

Unacceptable 

(D/C = 1.31) 

6. Sludge Wave Height Not Applicable Not Applicable 

Unacceptable 

(Freeboard=2’; Wave=4.45’) 

(D/C = 2.23) 



9.  CONCLUSIONS AND RECOMMENDATIONS: 

The main conclusions and recommendations resulting from the structural 
evaluation are summarized below. 

Digester 1 

For the maximum operating conditions considered (gas pressure, thermal 
gradient and sludge level), it may not be cost effective to strengthen Digester 1 
by adding additional prestressing to increase the hoop tension strength.  
Strengthening would require the addition of a post-tensioning system and 
shotcrete cover to the exterior face of the digester wall over the upper 25 feet of 
wall height for the unsubmerged case and full wall height for the submerged 
case.  Strengthening would be required regardless of the type of new fixed roof 
cover selected. 

Due to the net uplift at the wall base resulting from the seismic/hydrodynamic 
overturning stability analysis, additional anchorage is also needed to secure the 
wall to the footing.  This could be accomplished by the addition of a concrete curb 
wall with reinforcing bar dowels to the interior face of the existing wall and wall 
footing. The addition of a curb wall would also increase the shear strength at the 
base of the wall, which was found to be unacceptable for both the unsubmerged 
static plus seismic and the submerged static loading cases. 

It is our opinion that the conclusions and recommendations for Digester 1 would 
also apply to Digesters 2 - 8. This opinion is based on a cursory review of available 
design drawings, the observations during the site visits, the age of the digesters 
and the overall digester dimensions, indicating that Digesters 1 - 8 are mostly 
similar types of structures which can be grouped together.  

Prior to starting the final design of any structural modifications to Digesters 1 – 8, 
we recommend that a materials testing lab be consulted to determine the actual 
concrete compressive strength of the digester walls; the actual strength would be 
expected to exceed the 3,000 psi design strength as a result of long term curing of 
the concrete, which could be used to increase the actual wall strength capacity. 
We also recommend that a geotechnical consultant be contacted to determine the 
allowable soil bearing capacity of the soil underneath the footings, which would be 
expected to be higher than the normal loading (dead plus live loads) allowable of 
3,000 psf (with a 33% increase for seismic loading) used in the evaluations; this is 
because the subgrade soil has consolidated over the years due to the heavy 
weight of the digester structure and sludge contents since the digesters were 
originally constructed. 

 

 
 
 



Digester 12 
 
For the maximum operating conditions considered, the following structural 
improvements would be needed for Digester 12: 
 

• For the unsubmerged seismic case, the bottom 12 foot high section of the 
40 foot high walls would require strengthening by adding prestressing to 
increase the hoop tension strength. Strengthening would require the 
addition of a post-tensioning system and shotcrete cover to the exterior 
face of the wall. We recommend that estimated cost of this strengthening 
be determined and compared to the overall long term benefits. 

• For the submerged case, significant strengthening of the walls would be 
required. The strengthening would involve the addition of a post-
tensioning system and shotcrete cover for the full height of the digester 
walls. 

  
The maximum shear stress at the base of the wall for the unsubmerged plus 
seismic case has a D/C =1.14, which is only slightly higher than a maximum 
allowed value of 1.10 for existing structures (10% overstress is  allowed). 
Therefore we would recommend further evaluation during the final design, 
including testing to determine the actual existing concrete strength, which should 
be higher than the 4,000 psi minimum strength used in our evaluation as part of 
this study.  
 
It is our opinion that the conclusions and recommendations for Digester 12 would 
also apply to those digesters remaining in the group of Digesters 9 - 16, which 
can be grouped together based on similarity. This opinion is based on the same 
reasons previously mentioned above for grouping Digesters 1 - 8 together in their 
own group. 
 
ALL DIGESTERS 
 
The sludge wave height during the seismic event exceeds the freeboard provided 
for Digesters 1 and 12 based on the evaluation results for the unsubmerged 
case. In our opinion, this would also be expected to apply to all of the remaining 
digesters based on similarity. The net upward force on any new fixed roof covers 
around the peripheral digester walls, if any, could be accounted for in their design 
or the maximum sludge surface operating level could be lowered in elevation 
from 2.0 feet (used in the evaluation) to approximately 4.5 feet below the top of 
the walls. This should be evaluated in more detail during the design stage if new 
fixed roof covers will be installed in the future. 
 
Since the results presented are based on the assumed maximum operating 
conditions (gas pressure, thermal gradient, and sludge level), we recommend 
that the option of reducing the operating conditions be considered; additional 
evaluations using reduced operating conditions would be recommended since 



the results may indicate that fewer structural modifications or less modification 
effort would be required than previously discussed. 
 
Based on the unsubmerged static and seismic evaluation results of this study 
indicating that significant strengthening would be required, even more significant 
strengthening would be required for the submerged case.  
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ATTACHMENT A 
Digester 1 Calculations 
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ATTACHMENT B 
Digester 12 Calculations 
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Digesters Condition Assessment - Final 
Prepared for: Timothy Banyai, P.E., Brown and Caldwell 
Prepared by: Noy Phannavong, V&A  
Reviewed by: Mike Oriol, P.E., V&A  
Date:  June 23, 2009 

1 INTRODUCTION 
n October 27 and October 28, 2008, V&A performed a condition assessment of Digesters 2, 4, 5, 6, 
and 8, as defined in V&A’s scope of work, located at the Water Pollution Control Plant (WPCP) in the 
City of San Jose, California.  The purpose of the assessment was to document the condition of the 
interior and exterior concrete slabs, walls, and roof ceilings of the digesters and perform other 
corrosion observations related to the operation of the digesters. V&A reviewed the coating inspection 
reports (prepared by others), including Digester 1, and Digesters 3 through 16 at the WPCP. Figure 
1.1 shows a satellite map of the WPCP. 
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Figure 1.1 – San Jose Water Pollution Control Plant 
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2 METHODS 
2.1 Safety – Confined Space Entry 

All necessary confined space entry procedures were followed in 
accordance with TITLE 8 - CALIFORNIA CODE OF 
REGULATION Section 5157 (c) (5) prior to the manned entry into 
the digester and throughout the duration of the digester condition 
assessment. 
 
A confined space is defined as any space that is large enough and 
so configured that a person can bodily enter and perform assigned 
work, has limited or restricted means for entry or exit, and is not 
designed for continuous employee occupancy.  Title 8, Section 
5158 of the California Code of Regulations provides the guidelines 
and rules for working in these environments.  In general, the 
atmosphere must be constantly monitored for sufficient levels of 
oxygen (19.5 to 23.0%), and the absence of Hydrogen Sulfide 
(H2S) gas, Carbon Monoxide (CO) gas, and LEL levels.  The entrant is the individual that will be 
performing the work.  The entrant is equipped with the necessary personal protective equipment 
needed to perform the job safely, including a personal 4-gas monitor (Photo 2.1).   
 
 

2.2 Literature Review 

Digester Coatings Report Review 
V&A reviewed the Digester Coating Inspection Reports prepared by Jorge Reyes, Michael Noble, 
Robert Matz, and Paul Blach for Digesters 6, 12, 13, and 14 (2003, Reyes, Noble, Matz, Blach); 
Digesters 9, 10, 11, 15, and 16 (2004, Reyes, Noble, Matz, Blach), Digesters 1, 2, and 3 (2005, 
Reyes, Noble, Matz, Blach), and Digesters 5, 7, and 8 (2007, Reyes, Noble).  The primary focus of the 
digester coating inspection reports was to assess the condition of the coating on the interior floor, 
walls, and attic space of the digester floating covers.  
 
 

2.3 Evaluation Techniques 

The primary qualitative method for the condition assessment consisted of conducting visual 
examinations and documenting observations with digital photographs.  It should be noted that much of 
the condition assessment data is subjective and is based upon the evaluators’ expertise.  In addition 
to the observations of the evaluator, quantitative concrete evaluation techniques were utilized. These 
techniques are described on the following pages. 
 
 

 

Photo 2.1 – 4-Gas Monitor 
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Concrete Penetration Data  
In order to acquire penetration measurements, a consistent level of force is applied from a chipping 
hammer.  The depth of the resulting cavity is then measured.  Cavity depth provides quantitative data 
on the hardness and condition of the concrete surfaces. 
 
 
Concrete pH  
The pH measurements allow for a quantitative measurement of the extent of atmospheric corrosivity 
on the concrete, as well as the extent of concrete degradation.  Freshly poured concrete has a pH of 
approximately 12.5 to 13.0.  As the pH declines and alkalinity is lost, the mortar loses its structural 
integrity.  Typically, concrete with a pH less than 6.0 is highly susceptible to deterioration and loss of 
strength.  V&A uses an Oakton® pH Testr 3+ meter to test the pH of concrete samples.  Prior to 
testing, the pH probe is calibrated using pH 4.0 and 10.0 buffer solutions.   
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VANDA© Reinforced Concrete Condition Index Rating System 

V&A developed the VANDA© Reinforced Concrete Condition Index Rating System as a means to 
consistently identify the condition of concrete. The concrete surfaces are rated according to the 
following table, which summarizes this concrete rating system. The extent of the concrete damage can 
vary from Level 1 to Level 4, with Level 1 indicating the best case and Level 4 indicating severe 
damage. The levels of deterioration of the concrete surfaces are based on V&A’s experience and are 
documented using the VANDA© Rating System, shown in Table 2-1, for concrete surfaces. 
 
 

Table 2.1 – VANDA © Reinforced Concrete Condition Index Rating System  

Condition 
Rating 

Description 
Descriptive 
Photograph 

Level 1 

No/Minimal Damage to Concrete 
Hardness: no loss of hardness of mortar 
Smoothness: no loss of smoothness 
Cracking: no cracks 
Spalling: no spalling 
Reinforcing steel: not exposed or damaged 

 

 

Level 2 

Damage to Concrete Mortar 
Hardness: some loss of hardness of mortar 
Smoothness: small-diameter exposed aggregate 
Cracking: thumbnail-sized cracks of minimal frequency 
Spalling: shallow spalling of minimal frequency, no related reinforcing 
steel damage 
Reinforcing steel: may be exposed but not damaged or corroded  

Level 3 

Loss of Concrete Mortar/Damage to Reinforcing Steel 
Hardness: complete loss of hardness of mortar 
Smoothness: larger-diameter exposed aggregate 
Cracking: ¼-inch to ½-inch cracks, moderate frequency 
Spalling: deep spalling of moderate frequency, related reinforcing steel 
damage 
Reinforcing steel: exposed, damaged and corroded, but rehabilitatable  

Level 4 

Rebar Severely Corroded/Significant Damage to Structure 
Hardness: complete loss of hardness of mortar 
Smoothness: large-diameter exposed aggregate 
Cracking: ½-inch cracks or greater, high frequency 
Spalling: deep spalling at high frequency, related reinforcing steel 
damage 
Reinforcing steel: corroded or consumed, loss of structural integrity  

© 2007 V&A All rights reserved. 
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VANDA© Metal Condition Index Rating System 
V&A has developed a rating system in order to identify metal condition.  The condition of metal 
corrosion can vary from Level 1 to Level 4, based upon visual observations and ultrasonic thickness 
data collected in the field.  Metal surfaces were evaluated according to the condition rating system, 
which is summarized in Table 2.2. 
 
 

Table 2.2 – VANDA © Metal Condition Index Rating System  

Metals 
Condition 

Rating 
Description 

Descriptive 
Photograph 

Level 1 No Corrosion: The submerged, immersed and non-submerged 
ferrous surfaces do not show indications of corrosion damage. 

 

Level 2 

Pitting: Localized corrosion damage of the ferrous surfaces in the 
form of pits.  Depth of pits can range from small to large.  
Measuring these pits will determine the extent of corrosion loss at 
the localized area. 

 

Level 3 

Flaking/Exfoliation: Top layers of the ferrous surface have corroded 
and exfoliated or flaked off (also referred to as scaling). The extent 
of corrosion can be determined by removing corroded surfaces and 
performing ultrasonic thickness testing.  A direct measurement 
cannot be used as the exfoliated and corroded metal has expanded 
to many times its original thickness during the corrosion process.  

Level 4 
Loss of Metal Material: The extent of exfoliation has reached a 
degree wherein the remaining thickness of metal is not sufficient to 
maintain the structural integrity of the structure. 

 

© 2007 V&A All rights reserved. 
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3 FINDINGS 
The condition assessment of Digesters 2, 4, 5, 6, and 8 consisted of visual observations of the interior 
and exterior concrete surfaces, pH testing of the concrete, and measurement of penetration depth to 
sound concrete. The conditions of the metallic appurtenances inside and outside the digester were 
also evaluated.  General and notable specific findings for the digesters are summarized below.  A full 
report of findings for each digester is located in the Appendix.  
 
Digesters 2, 4, 5, 6, and 8 were out of service at the time of the assessment but contained 
groundwater.  The WPCP staff pumped down the groundwater in Digesters 2, 5, 6, and 8.  Digester 4 
had about 5 to 6 feet of groundwater remaining.  Due to the remaining groundwater, only the exterior 
of Digester 4 was evaluated.  The interior concrete surfaces of Digesters 2, 5, 6, and 8 were evaluated 
by confined space manned entry.  Exterior digester appurtenances (piping, valves, fittings, concrete 
supports, stairways, walkways, man-ways, etc.) were also evaluated.  Based on the hardness of the 
concrete, pH, no visible reinforcing steel corrosion, and no visible significant cracks, it is V&A’s opinion 
that Digesters 2, 5, 6, and 8 have not been adversely affected due to corrosion since original 
construction.  Based on V&A’s past experience and considering the current condition of the digesters 
in the current operating conditions, it is anticipated that existing digesters have an additional 15 to 20 
year life span if the interior walls remain uncoated.  Adding an interior protective coating to the interior 
walls will extend the expected life span of 35 to 40 years.   
 
 
Interior Wall  
In general, the interior concrete wall surfaces of Digesters 2, 5, 6, and 8 appeared to be in good 
condition.  The interior walls of the digesters were not coated.  Notable observations on the interior 
walls are listed below. 
 

• Measurements of depth of penetration to sound concrete yielded 1/16 of an inch or less which 
indicates that the concrete has retained its structural integrity.  

• Concrete pH tests results ranged from 9.0 to 10.5, indicating that the concrete has been 
resistant to corrosion. 

• There was no evidence of exposed reinforcing steel.  The concrete cover over the reinforcing 
steel appears to be adequate to protect the reinforcing steel from exposure and corrosion.   

 
These observations were taken from a relatively small area of the digester walls at a stationary 
position, adjacent to the digester manways.  Visual observations of other areas in the digesters, made 
from a distance, showed no obvious imperfections on the concrete surface.  Assuming a 
homogeneous progression of corrosion throughout the entire interior wall structure, the interior walls of 
Digesters 2, 5, 6, and 8 are given a VANDA© Concrete Corrosion Index Rating of Level 1.   
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Exterior Wall  
The exterior walls of each digester appeared to be in good condition.  The concrete walls were coated 
with 1-1/2 inches to 3 inches of Gunite Shotcrete material and top coated with what appears to be an 
acrylic protective coating.  The concrete beneath the coating is assumed to be in good condition and 
has a VANDA© Concrete Corrosion Index Rating Level 1.  Notable observations on the exterior walls 
of the digesters are listed below. 
 

• There were hairline cracks, either spider web or longitudinal cracks, visible on Digesters 2, 4, 
5, 6, and 8.  These cracks appeared to be superficial and are not an indication of the condition 
of the concrete beneath the Gunite coating.  Hairline cracking is a common phenomenon that 
occurs in cement based products, due to shrinkage. An alternative source of the cracking 
maybe due to movement of the digester walls over time. 

• There was damage or spalling visible on the Gunite coating on Digesters 4 and 6.  The 
damage or spalling was most likely due to external impact and not due to the steel wire mesh 
corroding.  The damaged or spalled areas appeared to be superficial, only affecting the Gunite 
coating. 

• There were some small areas of corrosion staining on the wall of Digester 6.  These stains 
may be an indication that the steel wire mesh in the Gunite coating may be corroded. 
However, the concrete beneath the coating is believed to be in good condition. 

 
 
Underside of Interior Roof  
The interior roof structure was constructed of steel.  The coating system on the interior roof surface 
has failed.  Notable observations on the interior roof are listed below. 
 

• The interior roof of Digester 2 appeared to be corroded beyond superficial damage. Localized 
corrosion damage of the steel surface in the form of pits was observed on several parts of the 
interior roof structure.  The pits had developed into holes in some areas of the roof where light 
was visible when looking from inside the digester.  Digester 2 is given a VANDA© Metal 
Condition Index Rating Level 4. 

• Surface corrosion was observed on the interior roof surface of Digesters 5, 6, and 8.  The 
steel roofs of these digesters are given a VANDA© Metal Condition Index Rating Level 2.  

 
 
Interior Digester Piping and Appurtenances  
The metallic appurtenances in Digesters 2, 5, 6, and 8 appeared to be in good condition.  Notable 
observations on the interior piping and appurtenances are listed below. 
 

• The piping in the digesters appeared to be in good condition.  There was superficial surface 
corrosion observed on the majority of the 8-inch cast iron pipes which would indicate that the 
coating has failed. The piping in the digesters is given a VANDA© Metal Condition Index 
Rating Level 2. 

• Rust staining was observed on the conduits near the roof of Digesters 5 and 8. However, the 
conduits near the floor showed no rust staining.  The stains may have resulted from an 
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external cause.  The conduits of these digesters are given a VANDA© Metal Condition Index 
Rating Level 1.  

• The circulation piping supports in Digester 2 were in good condition. The circulation piping 
supports in Digester 2 are given a VANDA© Metal Condition Index Rating Level 1. 

 
 
Exterior Digester Piping and Appurtenances  
In general, the piping and appurtenances outside the digesters appeared to be in good condition and 
are given a VANDA© Metal Condition Index Rating Level 1.    Notable observations on the exterior 
piping and appurtenances of the digesters are listed on the next page.  
 

• There was surface corrosion on the valves and elbows of the 90-degree circulation suction 
and discharge piping for Digesters 2, 4, 5, 6, and 8. 

• The exterior piping for Digesters 2, 4, 5, 6, and 8 showed flaking or chips in the coating.  
Surface corrosion was also observed around flange connections of the piping. 

• The gas piping and support brackets for Digester 2 had surface corrosion. 

• Some miscellaneous actuator valves for Digester 2 showed signs of leakage. 
 
  
Other Exterior Observations  
 

• There were fractures in the concrete stairway on Digesters 5 and 6.   The fractures were most 
likely caused by the corrosion of the handrails and can be potentially hazardous to persons 
standing below the stairway. 

• The handrails for the stairways of Digesters 6 and 8 showed surface corrosion where the 
handrail paint was missing. 

• Digester 8 had miscellaneous concrete damage.  A small spall was observed on a concrete 
support base exposing the reinforcing steel.  A broken piece of concrete was observed on the 
pathway leading to the stairway. 
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4 Recommendations 
 

Digester No. Recommendations 
General for all Digesters 
Interior Wall The necessity for an interior coating becomes more critical if the 

digesters are to be converted to a fixed roof configuration, as opposed to 
the existing floating roof.  The potential for corrosion due to hydrogen 
sulfide exposure is increased due to the available oxygen in the 
headspace of the digester.  Variable sludge levels within the digester, 
while operating in a fixed roof configuration, will also lead to an increase 
in concrete deterioration.  If the digesters continue to operate in a 
floating cover configuration a coating is not required.  However, if the 
digesters are to be converted to a fixed cover configuration, the following 
recommendations are presented: 
 

• The interior concrete surfaces of all the digesters should be 
coated with a 100% solids polyurethane or epoxy coating at a 
minimum dry film thickness of 125 mils to protect against future 
deterioration of the concrete. Based on the condition of the 
concrete, the minimum limits of the coating application should 
include 1 foot below the expected low liquid level in the digester 
and above. If the liquid level will vary greatly in the digester it is 
recommended that the coating limits extend all the way to the 
floor. Coating of the floor surfaces is not recommended due to 
the expected state of immersion.  There is also the potential for 
coating delamination of coating applied on the floor due to 
hydrostatic pressure caused by the high ground water table at 
the plant. Prior to the application of the coating, the concrete 
surfaces should be abrasive blasted in accordance with SSPC-
SP 13 and ICRI guidelines.   

• A cost-benefit analysis should be conducted for a fixed roof 
configuration to compare the value of applying a coating system 
to the interior digester walls as compared to allowing the 
uncoated concrete walls to deteriorate over time. 
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Digester No. Recommendations 
Digester Covers • It is recommended that ultrasonic thickness testing and a 

structural analysis be performed on all of the digester covers 
(with the exception of Digester 2) to estimate the remaining life. 

• The rehabilitation of the steel covers (with the exception of 
Digester 2) should consist of an abrasive blast to near white 
metal (SSPC-SP 10) and recoated with a high build epoxy 
coating system.  The high build property will allow the coating to 
fill much of the pitted steel voids in the surface without having to 
address each void individually.  Locations where steel thickness 
may be questionable should be assessed for thickness with an 
ultrasonic thickness meter and should be structurally assessed 
per the guidance of a structural engineer. 

Interior Piping and 
Appurtenances 

• If interior piping of the digesters is to remain in place, recoat the 
piping with 100% solids polyurethane or epoxy.  Prior to 
recoating, the piping should be sand blasted to near white metal 
in accordance with the SSPC-SP 10 surface preparation 
guidelines. 

• The interior surfaces of the digester piping were not assessed 
during the condition assessment.  It is recommended that the 
interior surfaces of the digester piping be televised, via CCTV, to 
ascertain the extent of interior corrosion. 

Exterior Walls, Piping, 
and Appurtenances 

• The coating on the exterior piping of all the digesters is 
degraded and should be over coated.  The surfaces should be 
pressure washed with 5,000 psi of pressure.  Apply an overcoat 
with an epoxy/urethane protective coating system at a dry film 
thickness of 12 mils. 

• It is recommended that the City monitor the extent of cracking on 
an annual basis to mitigate the potential for future corrosion. 

Digester No. 1  
Digester Covers Based on the significant amount of delamination and corrosion observed, 

it is recommended that the cover be coated with a 100% solids 
polyurethane or epoxy coating at a minimum dry film thickness of 80 
mils. 

Digester No. 2  
Exterior Wall Visible hairline cracks observed should be repaired with a similar acrylic 

coating. 
Digester Covers Based on the amount of excessive corrosion and loss of structural 

integrity of the digester cover, it is recommended that the cover be 
removed and replaced. 

Exterior Piping and 
Appurtenances 

The leaking actuator valves observed should be replaced. 
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Digester No. Recommendations 
Digester No. 3  
Digester Covers The digester coating inspections that were completed in 2005 indicate 

that the underside of the digester cover be recoated in 2 to 4 years. If the 
cover has not been recoated to date it should be recoated at this time. 

Digester No. 4  
Exterior Wall • Visible hairline cracks observed should be repaired with a similar 

acrylic coating. 

• The spalls observed should be repaired with a repair mortar 
such as SikaTop 123 Plus at a minimum thickness of 1/8 of an 
inch and should not exceed a thickness of 1-1/2 inches.  An 
acrylic top coat should be applied on top of the repair material to 
match the existing exterior finish. 

Digester Covers The digester coating inspections that were completed in 2005 indicate 
that the underside of the digester cover be recoated before being put 
back into operation.  If the cover has not been recoated to date it should 
be recoated at this time. 

Digester No. 5  
Exterior Wall Visible hairline cracks observed should be repaired with a similar acrylic 

coating. 
Digester Covers Due to the extensive corrosion and presence of sludge observed in the 

attic space of the digester cover, metal thickness and structural analysis 
is recommended.  If the cover is deemed suitable for operation, a 
complete coating rehabilitation is recommended for the cover. 

Other Exterior 
Observations 

Repair handrail concrete fractures on stairways by following the 
procedure below. 
 

• Remove all unsound or loose concrete and thoroughly clean 
patch area. 

• Remove all loose rust from base of handrail by power tools or 
other mechanical means. 

• Apply two coats of a corrosion inhibitor/bonding agent such as 
Sika Armatec 110 EpoCem. 

• Apply a suitable non-shrink epoxy grout, such as Five Star 
Instant Grout, manufactured by Five Star Products, Inc., and 
form to match the original finish. 

Digester No. 6  

Exterior Wall • Visible hairline cracks observed should be repaired with a similar 
acrylic coating. 

• The spalls observed should be repaired with a repair mortar 
such as SikaTop 123 Plus at a minimum thickness of 1/8 of an 
inch and should not exceed a thickness of 1-1/2 inches.  An 
acrylic top coat should be applied on top of the repair material to 
match the existing exterior finish. 
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Digester No. Recommendations 
Digester Covers Due to the extensive corrosion observed on the digester cover, a 

complete coating rehabilitation is recommended. 
Other Exterior 
Observations 

Repair handrail concrete fractures on stairways by following the 
procedure below. 
 

• Remove all unsound or loose concrete and thoroughly clean 
patch area. 

• Remove all loose rust from base of handrail by power tools or 
other mechanical means. 

• Apply two coats of a corrosion inhibitor/bonding agent such as 
Sika Armatec 110 EpoCem. 

• Apply a suitable non-shrink epoxy grout, such as Five Star 
Instant Grout, manufactured by Five Star Products, Inc., and 
form to match the original finish. 

Digester No. 7  
Digester Covers Immediate coating rehabilitation is not required at this time.  An entire 

coating rehabilitation may be required in the next 3 to 5 years. 

Digester No. 8  
Exterior Wall Visible hairline cracks observed should be repaired with a similar acrylic 

coating.  
Digester Covers Due to the minimal film thickness on the underside of the digester cover 

and the seam corrosion that was evident on the interior attic space the 
coating system for the entire digester cover should be rehabilitated in the 
next 1 to 2 years. 

Other Exterior 
Observations 

The spall on the concrete support base should be prepared and cleaned 
by pressure washing with 5,000 psi to remove all loose and unsound 
concrete and loose rust from the exposed reinforcing steel. Residual 
corrosion product should be removed by wire wheel brush or other 
mechanical means to provide a near white metal finish, and a corrosion 
inhibitor, such as Sika Armatec 110 EpoCem, should be applied to the 
reinforcing steel. The spall area should be patched with a repair mortar, 
such as SikaTop 123 Plus. 

Digester No. 9  
Digester Covers The coating was in satisfactory condition after the 2004 assessment. The 

inspection report recommended re-inspection in 4 to 5 years.  It is 
recommended that the digester cover be re-inspected in the next year in 
coordination with digester cleaning. 

Digester No. 10  

Digester Covers A complete coating rehabilitation was recommended for 2009 during the 
2004 digester cover inspection.  V&A recommends a complete coating 
rehabilitation within the next year. 
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Digester No. Recommendations 
Digester No. 11  
Digester Covers The digester coating inspection conducted in 2004 recommended 

recoating on the interior attic surfaces and the skirt area within the next 2 
years.  V&A recommends recoating these areas if the recoating work 
has not been conducted to date. 

Digester No. 12  
Digester Covers The underside of the digester cover should be recoated within the next 

year, based on the 5 to 6 year time frame recommended from the 
coating inspection conducted in 2003.  The attic space should be re-
inspected prior to coating work to determine if any touch or recoating is 
required. 

Digester No. 13  
Digester Covers Prior inspection records indicate the bottom of the cover be recoated 

some time between 2008 to 2010.  It is recommended that the cover be 
re-inspected to re-assess the existing state of the coating on the cover 
and determine if rehabilitation is required at this time. 

Digester No. 14  

Digester Covers Spot corrosion should be touched up on the iron frame work in the attic 
space if it has not been completed since the 2003 coating inspection 
report.  The underside of the cover and the attic space should be re-
inspected in the next 1 to 2 years. 

Digester No. 15  
Digester Covers Prior inspection records indicate the bottom of the cover be recoated 

some time between 2005 to 2006.  It is recommended that the cover be 
re-inspected to re-assess the existing state of the coating on the cover 
and determine if rehabilitation is required at this time. 

Digester No. 16  
Digester Covers Prior inspection records indicate the bottom of the cover be recoated 

some time between 2005 to 2006.  It is recommended that the cover be 
re-inspected to re-assess the existing state of the coating on the cover 
and determine if rehabilitation is required at this time. 
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Digester 2 
 
Exterior Observations  
Wall - The exterior wall of the digester appeared to be in good condition.  The concrete wall was coated 
with 1-1/2 inches to 3 inches of Gunite Shotcrete material and top coated with what appears to be an 
acrylic protective coating.  There was a crack in the coating on the east side of Digester 2 (Photo 1).  
There was also evidence of spider cracks on the coating throughout the entire exterior wall in the form of 
repair patch lines (Photo 2).  These cracks appeared to be superficial and are not an indication of the 
condition of the concrete beneath the coating.  The concrete beneath the coating is believed to be in good 
condition and has a VANDA© Concrete Corrosion Index Rating Level 1. 
 

  

Photo 1. Exterior concrete, east wall with 

crack in Gunite coating 

Photo 2. Exterior concrete wall showing 

patched spider cracks 

 
Digester Piping and Appurtenances – In general, the piping on the outside of Digester 2 appeared to be 
in good condition.  There was superficial surface corrosion on the digester gas piping (Photo 3 and Photo 
4).  Miscellaneous pipe support had surface corrosion (Photo 5).  Miscellaneous actuator and valves had 
signs of leakage (Photo 6).  The exterior piping and appurtenances of Digester 2 are given a VANDA© 
Metal Corrosion Index Rating Level 1. 
 

  

Photo 3. Corrosion on digester gas piping Photo 4. Corrosion on digester gas piping 
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Photo 5. Miscellaneous pipe support bracket 

with surface corrosion 

Photo 6. Miscellaneous actuators and valves 

with signs of leakage 

 
Interior Observations  
Walls - The interior concrete wall surface of the digester appeared to be in good condition.  The interior 
wall of the digester was not coated.  A depth of penetration to sound concrete measurement yielded a 
1/16-inch depth, indicating that the concrete has retained its structural integrity.  There was no evidence of 
spalls or cracks.  Concrete pH tests yielded a pH level of 10.1, implying that the concrete has been 
resistant to corrosion. There was no evidence of exposed reinforcing steel.  The concrete cover over the 
reinforcing steel appears to be adequate to protect the reinforcing steel from exposure and corrosion.  The 
corbels of the digester appeared to be in good condition.   
 
These observations were taken from a relatively small area of the digester walls at a stationary position, 
adjacent to the digester manways.  Visual observations of other areas in the digesters, made from a 
distance, showed no obvious imperfections on the concrete surface.  Assuming a homogeneous 
progression of corrosion throughout the entire interior wall structure, the interior wall of Digester 2 is given 
a VANDA© Concrete Corrosion Index Rating of Level 1.  Photo 7 and Photo 8 show the interior digester 
wall where the observations were made. 
 

  

Photo 7. Interior wall in good condition Photo 8. I nterior wall (detail) in good condition 
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Roof – The steel interior surface of Digester 2 appeared to be corroded beyond superficial damage.  
Localized corrosion damage of the steel surface in the form of pits was observed on several parts of the 
interior roof structure (Photo 9).  The pits had developed into holes in some areas of the roof where light 
was visible when looking from inside the digester (Photo 10).  The interior roof of Digester 2 is given a 
VANDA© Metal Corrosion Index Rating Level 4. 
 

  

Photo 9. Steel roof interior surface with pitting P hoto 10. Steel roof interior surface with holes 

 
 
Digester Piping and Supports - The metallic appurtenances in the digester appeared to be in good 
condition.  There was superficial surface corrosion observed on the 8-inch cast iron circulation 
suction/discharge pipe (Photo 11).  The circulation/discharge pipe supports appeared to be in good 
condition (Photo 12).  There was also superficial surface corrosion observed on the 8-inch cast iron 
sludge transfer line (Photo 13 and Photo 14).  The interior piping and appurtenances of Digester 2 are 
given a VANDA© Metal Corrosion Index Rating Level 2. 
 

  

Photo 11. 8-inch cast iron circulation piping 

with surface corrosion 

Photo 12. 8-inch cast iron circulation piping 

support brackets in good condition 
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Photo 13. 8-inch cast iron sludge transfer 

piping with surface corrosion 

Photo 14. 8-inch cast iron sludge transfer 

piping with surface corrosion 
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Digester 4 
 
Exterior Observations  
Wall - The exterior wall of the digester appeared to be in good condition (Photo 15).  The concrete wall 
was coated with 2 inches to 3 inches of Gunite Shotcrete material and top coated with what appears to be 
an acrylic protective coating.  There was some damage in the coating on the northeast wall of Digester 4 
(Photo 16).  This may have resulted from external impact.  The damage appeared to be on the Gunite 
coating and not the concrete.  The concrete beneath the coating is believed to be in good condition and 
have a VANDA© Concrete Corrosion Index Rating Level 1. 
 

  

Photo 15. Exterior concrete wall in good 

condition 

Photo 16. Exterior concrete, northeast wall 

with damage due to external impact 

 
 
Digester Piping and Appurtenances – In general, the piping on the outside of Digester 4 appeared to be 
in good condition.  There was superficial surface corrosion on the circulation suction/discharge pipes 
Photo 17 and Photo 18.  The exterior piping and appurtenances of Digester 4 are given a VANDA© Metal 
Corrosion Index Rating Level 1. 
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Photo 17. Superficial corrosion on circulation 

suction/discharge piping 

Photo 18. Superficial corrosion on digester 

gas piping 

 
 
Interior Observations  
The interior of Digester 4 was not evaluated due to the presence of approximately 5 to 6 feet of 
groundwater.  The City made an effort to pump out the water for about 3 hours but the water level did not 
recede.   
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Digester 5 
 

Exterior Observations  
Wall - The exterior wall of the digester appeared to be in good condition.  The concrete wall was coated 
with 2 to 3 inches of Gunite Shotcrete material and top coated with what appears to be an acrylic 
protective coating.  There were spider cracks in the coating on several areas of Digester 5 (Photo 19 and 
Photo 20).  There was also a longitudinal crack, approximately 10 feet long, on the northwest wall of the 
digester (Photo 21 and Photo 22).  These cracks appeared to be superficial and are not an indication of 
the condition of the concrete beneath the coating.  The concrete beneath the coating is believed to be in 
good condition and has a VANDA© Concrete Corrosion Index Rating Level 1. 
 

  

Photo 19. Exterior concrete, east wall with 

spider cracks in coating 

Photo 20.  Exterior concrete, east wall with 

spider cracks in coating (detail) 

  
Photo 21. Exterior concrete, north wall with 

longitudinal crack in coating 

Photo 22. Exterior concrete wall with 

longitudinal crack in coating (detail) 
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Digester Piping and Appurtenances – In general, the piping on the outside of Digester 5 appeared to be 
in good condition.  There was corrosion on the valves of the circulation pipes Photo 23 and Photo 24. The 
exterior piping and appurtenances of Digester 5 are given a VANDA© Metal Corrosion Index Rating Level 
1. 
 

  

Photo 23. Corrosion on circulation pipe valve Photo  24. Corrosion on circulation pipe valve 

(detail) 

 
 
Other Exterior Observations – There was a fracture in the concrete stairway of Digester 5.  The fracture 
was most likely caused by the corrosion of the handrails.  Photo 25 and Photo 26 shows the fracture in the 
concrete stairway. 
 

  

Photo 25. Fracture in concrete stairway due to 

corroding handrail 

Photo 26. Fracture in concrete stairway due to 

corroding handrail (detail) 
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Interior Observations  
Walls - The interior concrete wall surface of the digester appeared to be in good condition.  The interior 
wall of the digester was not coated.  A depth of penetration to sound concrete measurement yielded a 
1/16-inch depth, indicating that the concrete has retained its structural integrity.  There was no evidence of 
spalls or cracks.  Concrete pH tests yielded a pH level of 9.2, implying that the concrete has been 
resistant to corrosion. There was no evidence of exposed reinforcing steel.  The concrete cover over the 
reinforcing steel appears to be adequate to protect the reinforcing steel from exposure and corrosion.  The 
vertical joint of the digester showed minor chips in the concrete around the perimeter of the joint but the 
joint appeared to be in good condition (Photo 29).  The corbels of the digester appeared to be in good 
condition (Photo 30).   
 
These observations were taken from a relatively small area of the digester walls at a stationary position, 
adjacent to the digester manways.  Visual observations of other areas in the digesters, made from a 
distance, showed no obvious imperfections on the concrete surface.  Assuming a homogeneous 
progression of corrosion throughout the entire interior wall structure, the interior wall of Digester 5 is given 
a VANDA© Concrete Corrosion Index Rating of Level 1.  Photo 27 and Photo 28 show the interior digester 
wall where the observations were made.  
 

  

Photo 27. East wall in good condition, pipe 

penetration 

Photo 28. West wall (detail) in good condition 

 



Page A-10 

  
Photo 29. South wall joint with chips in 

concrete 

Photo 30. West wall corbel and roof 

 
Roof – The steel interior surface of Digester 5 appeared to have surface corrosion.  Localized corrosion 
was observed on the north side of the roof (Photo 31).  More surface corrosion was observed where 
conduits enter from the north side of the digester (Photo 32). The interior roof of Digester 5 is given a 
VANDA© Metal Corrosion Index Rating Level 2. 
 

  

Photo 31. Roof with corroded conduits Photo 32. Nor th roof with corroded area 

 
 
Digester Piping and Supports - The metallic appurtenances in the digester appeared to be in good 
condition.  There was superficial surface corrosion observed on the 8-inch cast iron sludge transfer pipe 
Photo 33.  The conduits attached to the digester wall appeared to be in good condition. The conduits near 
the roof (Photo 34) displayed some corrosion staining that appears to be from the steel roof. The interior 
piping and appurtenances of Digester 5 are given a VANDA© Metal Corrosion Index Rating Level 2. 
 



Page A-11 

  

Photo 33. 8-inch cast iron sludge transfer pipe 

with surface corrosion 

Photo 34. Conduits corroded near roof 
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Digester 6 
 
Exterior Observations  
Wall - The exterior wall of the digester appeared to be in good condition.  The concrete wall was coated 
with 2 to 3 inches of Gunite Shotcrete material and top coated with what appears to be an acrylic 
protective coating.  There were a couple of areas where the coating has spalled.  There was one medium 
sized spall located near the W-2 pipe inlet on the southwest side of the digester (Photo 35 and Photo 36) 
and one small sized spall located near the E-2 inlet piping on the eastside of the digester (Photo 37).  
These spalls appeared to be superficial, only affecting the exterior Gunite coating, and are not an 
indication of the condition of the concrete beneath the coating. There was corrosion staining on the 
northside near the manhole (Photo 38) as well as other spots around the digester.  These stains may be 
an indication that the steel wire mesh in the Gunite coating may be corroded.  Despite these findings on 
the Gunite coating, the concrete beneath the coating is believed to be in good condition and has a 
VANDA© Concrete Corrosion Index Rating Level 1. 
 

  

Photo 35. Medium-sized spall on south wall Photo 36 . Medium-sized spall (detail) 

  
Photo 37. Small-sized spall near the E-2 inlet 

pipe on the east wall 

Photo 38. Exterior concrete wall with 

corrosion staining 

 
Digester Piping and Appurtenances – In general, the piping on the outside of Digester 6 appeared to be 
in good condition.  There was corrosion on the valves of the circulation pipes (Photo 39).  The digester 
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gas piping is in good condition (Photo 40).  The exterior piping and appurtenances of Digester 6 are given 
a VANDA© Metal Corrosion Index Rating Level 1. 
 

  

Photo 39. Corrosion on circulation pipe valve Photo  40. Digester gas piping in good 

condition 

 
 
Other Exterior Observations – There were fractures in the concrete stairway of Digester 6.  The fracture 
was most likely caused by the corrosion of the handrails.  Photo 41 shows a fracture in the concrete 
stairway near the bottom of the stairway.  Photo 42 shows a fracture at the top of the stairway.  The 
fracture at the top of the stairway poses a potential safety hazard to persons standing below the stairway. 
The handrail showed surface corrosion where the handrail paint was missing (Photo 43).  The concrete 
piping support had multiple cracks forming on it (Photo 44) 
 

  

Photo 41. Fracture in the concrete stairway at 

the bottom of the stairway 

Photo 42. Fracture in the concrete stairway at 

the top of the stairway 
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Photo 43. Corrosion on handrail system Photo 44. Mu ltiple cracks have formed on the 
piping support 

 
 
Interior Observations  
Walls - The interior concrete wall surface of the digester appeared to be in good condition.  The interior 
wall of the digester was not coated.  A depth of penetration to sound concrete measurement yielded a 
1/16-inch depth, indicating that the concrete has retained its structural integrity.  There was no evidence of 
spalls or cracks.  Concrete pH tests yielded a pH level of 9.4, implying that the concrete has been 
resistant to corrosion. There was no evidence of exposed reinforcing steel.  The concrete cover over the 
reinforcing steel appears to be adequate to protect the reinforcing steel from exposure and corrosion.  The 
corbels of the digester appeared to be in good condition.   
 
These observations were taken from a relatively small area of the digester walls at a stationary position, 
adjacent to the digester manways.  Visual observations of other areas in the digesters, made from a 
distance, showed no obvious imperfections on the concrete surface.  Assuming a homogeneous 
progression of corrosion throughout the entire interior wall structure, the interior wall of Digester 6 is given 
a VANDA© Concrete Corrosion Index Rating of Level 1.  Photo 45 and Photo 46 show the interior digester 
wall where the observations were made. 
 

  

Photo 45. West wall in good condition Photo 46.  So uth wall joint in good condition 
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Roof – The steel interior surface of Digester 6 appeared to be in fair condition with surface corrosion 
(Photo 47).  The interior roof of Digester 6 is given a VANDA© Metal Corrosion Index Rating Level 2. 
 

 
Photo 47. Steel interior roof in fair condition 

 
 
Digester Piping and Supports - The metallic appurtenances in the digester appeared to be in good 
condition.  There was superficial surface corrosion observed on the 8-inch cast iron sludge transfer pipe 
(Photo 48 and Photo 49).  The conduits near the floor of the digester appeared to be in good condition 
(Photo 48).  The interior piping and appurtenances of Digester 6 are given a VANDA© Metal Corrosion 
Index Rating Level 2. 
 

  

Photo 48.  8-inch cast iron sludge transfer 

pipe with surface corrosion 

Photo 49.  8-inch cast iron sludge transfer 

pipe with surface corrosion (detail) 
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Digester 8 
 
Exterior Observations  
Wall - The exterior wall of the digester appeared to be in good condition.  The concrete wall was coated 
with 2 to 3 inches of Gunite Shotcrete material and top coated with what appears to be an acrylic 
protective coating.  The concrete beneath the coating is believed to be in good condition and has a 
VANDA© Concrete Corrosion Index Rating Level 1. 
 
Digester Piping and Appurtenances – In general, the piping on the outside of Digester 8 appeared to be 
in good condition (Photo 50).  There were some minor corrosion stains on the 90-degree elbows of the 
inlet pipes.  The exterior piping and appurtenances of Digester 8 are given a VANDA© Metal Corrosion 
Index Rating Level 1. 

 
Photo 50. Minor corrosion staining on 
circulation pipe (typical) 

 
Other Exterior Observations – There was a small spall, exposing the reinforcing steel, on a concrete 
support base (Photo 51).  A fracture of the concrete was observed on the pathway leading to the stairway 
(Photo 52).  The exposed steel on the handrails showed surface corrosion (Photo 53 and Photo 54). 
 

  

Photo 51. Spall in concrete support base Photo 52. Fracture in concrete pathway 
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Photo 53. Surface corrosion spots in the 
handrails 

Photo 54. Surface corrosion area in the 
handrails 

 
 
Interior Observations  
Walls - The interior concrete wall surface of the digester appeared to be in good condition.  The interior 
wall of the digester was not coated.  A depth of penetration to sound concrete measurement yielded a 
1/16-inch depth, indicating that the concrete has retained its structural integrity.  There was no evidence of 
spalls or cracks.  Concrete pH tests yielded a pH level of 9.2, implying that the concrete has been 
resistant to corrosion. There was no evidence of exposed reinforcing steel.  The concrete cover over the 
reinforcing steel appears to be adequate to protect the reinforcing steel from exposure and corrosion.  The 
corbels of the digester appeared to be in good condition.   
 
These observations were taken from a relatively small area of the digester walls at a stationary position, 
adjacent to the digester manways.  Visual observations of other areas in the digesters, made from a 
distance, showed no obvious imperfections on the concrete surface.  Assuming a homogeneous 
progression of corrosion throughout the entire interior wall structure, the interior wall of Digester 8 is given 
a VANDA© Concrete Corrosion Index Rating of Level 1.  Photo 55 and Photo 56 show the interior digester 
wall where the observations were made. 
 

  

Photo 55. West wall in good condition Photo 56. Wes t wall in good condition (detail) 
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Roof – The steel interior surface of Digester 8 appeared to be in fair condition with surface corrosion and 
pitting (Photo 57).  The interior roof of Digester 8 is given a VANDA© Metal Corrosion Index Rating Level 
2. 
 

 

Photo 57. Steel interior roof in fair condition 

 
 
Digester Piping and Supports - The metallic appurtenances in the digester appeared to be in good 
condition.  There was superficial surface corrosion observed on the 8-inch cast iron sludge transfer pipe 
(Photo 58).  The conduits near the floor of the digester appeared to be in good condition as compared to 
the conduits near the roof (Photo 59) where there was some corrosion.  The interior piping and 
appurtenances of Digester 8 are given a VANDA© Metal Corrosion Index Rating Level 2. 
 

 

Photo 58. 8-inch cast iron sludge transfer pipe 

w/surface corrosion 

Photo 59. Conduits corroded on west wall in 

good condition 
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