
EXHIBIT F 

REFERENCE MATERIAL 

The documents provide may contain errors, omissions, or may be out of date.  

1. Administration/Laboratory Building (Admin/Lab) 

a. 1974 Admin/Lab Original SD-122A Select Drawings 

b. 1984 Admin/Lab Lab Expansion SD-152 Select Drawings 

c. 1988 Admin/Lab Seismic Improvements SD-176 Select Drawings 

d. 1991 Admin/Lab Expansion II SD-185 Select Drawings 

e. 2020 Admin/Lab Evaluation TM Excerpts 

f. 2021 Admin/Lab Conceptual Retrofit TM Excerpts 

2.  Field Services Building (FSB) 

a. 1951 FSB Original SD-80 Select Drawings 

b. 1996 FSB Upgrade SD-222 Select Drawings 

c. 2020 FSB Evaluation TM Excerpts 

d. 2021 FSB Conceptual Retrofit TM Excerpts 

3. Building 1084  

a. 1964 Bldg. 1084 Army Select Drawings 

b. 2008 Bldg. 1084 Structural Review Excerpt 

c. 2019 Bldg. 1084 Photos 

4. Electrical Main Distribution Lines and Substations 

a. 1987 PGS1 to Main Substation Power Distribution Line Plan SD-135 Drawing E-2 

b. 2009 PGS2 to Main Substation Power Distribution Line Plan SD-317A Drawing E-101 

c. 2017 Substations Site Map 

d. 2020 Substation List 

e. 2020 Photos Power Distribution Lines 

f. 2020 Photos Substations 

5. Digester Gallery Slab & Effluent Pump Station Entry Canopy 

a. 2020 Information Slides 

6. Criteria & Seismic Hazard 

a. 2021 Information Slide 
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2.0 STRUCTURE DESCRIPTION 
The Admin building and Lab are structurally connected as a single building. The entire building 

is a single-story structure except for a two-story “pop-up” located in the middle portion of the 

building. 

The building was constructed in three phases with the original construction in 1974, the West Lab 

addition in 1984 and the North Lab and South Admin additions in 1994. A seismic retrofit of the 

1974 and 1984 construction was performed in 1988. 
 

2.1 AVAILABLE DATA 
The available data for the building includes 15 structural drawings for the original, 1974, 

structure, 7 structural drawings for West Lab addition and seismic improvements, and 19 

structural drawings for the South Admin and the North Lab additions. Additionally, 30 

architectural drawings were available for review. Material properties for only some of the 

structural components are specified in the drawings. Data not available was assumed based on 

ASCE 41-17 recommendations. 
 

2.2 GENERAL DESCRIPTION 
The Admin and Lab building is a complex structure consisting of the original Admin building, 

the original Lab building, the Pop-Up structure, the West Lab addition, the North Lab addition, 

and the South Admin addition. Plan view of the entire structure, with the various additions 

highlighted, is shown in Figure 1. The North and South elevations of the building are shown in 

Figure 2 with photographs of the building exterior shown in Figure 3 through Figure 7. 

In 1974, as part of project SD122A, the Admin and Lab buildings were designed as a single 

building with two wings. The 1974 construction consisted of concrete-filled metal deck roof 

diaphragms supported by steel beams, interior steel columns, perimeter reinforced masonry 

shear walls, and precast vertical and battered concrete piles. A two-story Pop-Up is located 

between the two wings. The Pop-Up consists of cast-in-place concrete slabs and steel braced 

frames at the upper story, and reinforced concrete shear walls at the lower story. 

In 1984, as part of project SD152, a one-story steel moment frame structure with a concrete-filled 

metal deck and precast vertical and battered concrete piles was added along the west side of the 

original Lab. 
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In 1988, as part of project SD176, the original Lab and Admin wings were seismically retrofitted. 

The retrofit work addressed deficiencies in the out-of-plane masonry wall anchorage throughout 

the original building. The steel braces at the upper-story of the Pop-Up structure were replaced 

with stronger braces. The work also included eliminating the seismic gap between the roof of the 

West Lab addition (project SD152) and the original Lab. The roof of the West Lab addition was 

tied into the walls of the original Lab to address the out-of-plane anchorage deficiencies in the 

original Lab. Deficiencies in the steel moment frame of the West Lab addition (project SD152) 

were addressed by adding two bays of steel braced frames along the west side of the West Lab 

addition. 

In 1991, as part of project SD185, the south side of the original Admin building and the north side 

of the original Lab were expanded. Both additions are seismically-separate from the main 

building and consist of steel moment frames with concrete-filled metal deck roofs and vertical 

precast concrete piles. As part of the SD185 project, two light frame greenhouse-like structures 

were added. These structures consist of a lunch room extension located on the south side of the 

original lab building and the lab corridor addition located on the east side of the original lab 

building as shown in Figure 1. 
 

 

 

Figure 1: Admin/Lab Buildings – Plan View Showing the Building Parts 
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Figure 2: Admin/Lab Buildings – North (top) and South (bottom) Elevations 
 

 

Figure 3: The Original Lab Building, Corridor Addition and the Pop-Up – View from East 
 

 

Figure 4: The Original Admin Building and Addition (left) – View from East 

Pop-Up 

Lab Corridor Addition 
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Figure 5: West Lab Addition – View from West 
 

 

Figure 6: North Lab Addition – Northwestern Corner 
 

 

Figure 7: The Two-Story Pop-Up Portion – View from South 
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2.3 GRAVITY LOAD RESISTING SYSTEM 

2.3.1 Original Structure 

The gravity load resisting system of the buildings consists of a lightweight concrete-filled metal 

deck roof supported by steel girders and beams. The steel beams are supported by steel columns 

and the exterior load bearing concrete block masonry walls. The columns and the walls are 

supported on grade beams, pile caps and piles. The two-story Pop-Up portion has reinforced 

concrete slabs supported on steel girders and beams. The steel girders transfer their loads to steel 

columns and two massive concrete columns at the northeastern and southwestern corners. Each 

column is 4-foot square in cross-section supported on a pile cap with 16 piles. 
 

2.3.2 West Lab Addition 

The gravity load resisting system of the buildings consists of a lightweight concrete-filled metal 

deck roof supported by steel girders and beams. The steel beams are supported by steel columns. 

The columns are supported on grade beams with piles. 
 

2.3.3 North Lab Addition 

The gravity load resisting system of the buildings consists of a lightweight concrete-filled metal 

deck roof supported by steel girders and beams. The steel beams are supported by steel columns. 

The columns are supported on grade beams, pile caps and piles. 
 

2.3.4 South Admin Addition 

The gravity load resisting system of the buildings consists of a lightweight concrete-filled metal 

deck roof supported by steel girders and beams. The steel beams are supported by steel columns. 

The columns are supported on grade beams with piles. 
 

2.4 FOUNDATION SYSTEM 
The Admin and Lab building complex consists of multiples seismically independent structures 

separated by expansion joints. Each individual part is described below. 
 

2.4.1 Original Structure 

The foundation system of the original building (shown in Figure 8) consists of foundation beams, 

pile caps and 219 vertical and batter piles. Pile details are shown in Figure 9. It is important to 

note that almost all batter piles are oriented in the northeast-southwest plane, and there is very 

little batter action in the northwest-southeast direction. 
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Figure 8: Foundation Plan of the Original Structure 
 

 
 

Figure 9: Typical Pile Details for the Original Structure 
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2.4.2 West Lab Addition 

The foundation system of the West Lab addition (shown in Figure 10) consists of foundation 

grade beams and 42 twelve-inch square precast vertical and batter piles. The foundation beams 

of the West Lab addition are decoupled from the original building foundations. 
 

 

Figure 10: Foundation Plan of the West Lab Addition 
 

2.4.3 North Lab Addition 

The foundation system of the building consists of foundation beams, pile caps and 148 twelve- 

inch square precast vertical piles. The foundation beams of the North Lab addition are decoupled 

from the original building foundations (as shown in Figure 11 left). 
 

2.4.4 South Admin Addition 

The foundation system of the structure consists of foundation beams and 14 twelve-inch square 

precast vertical piles. The foundation beams of the South Admin addition are decoupled from the 

original building foundations (as shown in Figure 11 right). 
 

 

Figure 11: Foundation Details of the Lab and Admin Additions 
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2.5 LATERAL LOAD RESISTING SYSTEM 
The Admin and Lab building complex consists of multiples seismically independent structures 

separated by expansion joints. Each individual part is described below. 
 

2.5.1 Original Structure 

The original structure, designed and constructed in 1974, consists of the original Admin building, 

the original Lab building and the Pop-Up structure. 

The main lateral load resisting system of the Admin and Lab portions of the building consists of 

reinforced concrete floor and roof diaphragms and perimeter shear walls. The shear walls are 

reinforced concrete masonry units (CMU) with grout infill. The roof diaphragm is assumed to be 

concrete-filled as indicated on number of drawings. For example, the roofing detail at the roof to 

wall connection (taken from DWG CT-A-423) shows lightweight concrete fill for the roof 

diaphragm (Figure 12) shows. However, previously the roof diaphragm wa s  d es cr ibe d as 

non-concrete-filled, but additional information obtained from EBMUD confirms that the roof 

diaphragm is a concrete-filled metal deck. 
 

 

Figure 12: Original Building – Roofing Detail 
 

The mid-level floor of the two-story Pop-Up structure is at the same elevation as the roof level of 

the Admin and Lab buildings and is part of a single floor diaphragm that connects all parts as 

one continuous structure. The mid-level floor of the Pop-Up structure has two massive (48-inch 

square) columns at the northeastern and southwestern corners. Two 12-inch by 66-inch shear 

walls in the north-south direction and two 12-inch by 54-inch shear walls in the east-west 

direction provide connection to the Admin and the Lab buildings. The plan view of connection is 

shown in Figure 13. The lateral load resisting system for the second floor of the Pop-Up consists 

of four steel braces, two in each direction. The steel braces are supported on the concrete piers 

and shear walls below. 
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Figure 13: The Pop-Up Structure Connection to the Admin and Lab Buildings 
 

2.5.2 West Lab Addition 

The West Lab addition was originally designed and constructed in 1984 and is located on the west 

side of the original structure. The addition is seismically connected to the original structure. 

The West Lab addition is a single-story steel moment and braced frame structure with a concrete- 

filled metal deck. The moment frames are located in the east-west direction. Two steel braces are 

provided along the west elevation. As part of the seismic retrofit project, the structure in the east- 

west direction was connected at the roof level to the original Lab building at two locations. Details 

of this connection are shown in Figure 14. 
 

 

Figure 14: Connection of the West Lab Addition to the Original Lab Building 
 

2.5.3 North Lab Addition 

The North Lab addition is a single-story steel moment frame structure with a concrete-filled metal 

deck. The addition is located on the north side of the original Lab building. The structure is 

seismically independent from the rest of the building. A 4-inch seismic separation is provided 

between the North Lab addition and the original Lab building. 
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2.5.4 South Admin Addition 

The South Admin addition is a single-story steel moment frame structure with a concrete-filled 

metal deck. The addition is located along the south side of the original Admin building. The 

structure is seismically independent from the rest of the building. A 4-inch seismic separation is 

provided between the addition and the original Admin building. 
 

2.5.5 Lunch Room Extension 

The lunch room extension is a light frame greenhouse-like structure located at the south portion 

of the original Lab building. While the extension itself does not significantly impact the seismic 

performance of the building, a portion of the original lab exterior wall was removed (Figure 15, 

right) to connect the extension to the rest of the building. This results in a potential vulnerability 

as the exterior masonry walls are load bearing element of the gravity system and are needed to 

support steel beams from the roof structure as shown in Figure 15 (left). Furthermore, a note on 

drawing DWG CT-S-413 states “the masonry walls are designed as shear walls and shall not be 

altered without the approval of the engineer”. It is not clear if this note was followed prior to 

addition of the lunch room extension. 
 

 
 

Figure 15: Lunch Room Extension 
 

2.5.6 Lab Corridor Addition 

The lab corridor addition is a light frame greenhouse-like structure located at the east side of the 

original Lab building. The glass wall (shown in Figure 16) sits on 3-foot wide spread footing 

foundation without piles. The addition does not significantly impact the seismic performance of 

the lab building, however, if subjected to a significant permanent ground deformation, the 

structure may separate from the lab building. 

From DWG CT-S-403 From DWG S2.5 
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Figure 16: Lab Corridor Addition 

 

7.0 IDENTIFIED VULNERABILITIES 
This section presents the summary of the identified vulnerabilities. 

 

7.1 ORIGINAL BUILDING AND WEST LAB ADDITION 
The vulnerabilities of the above ground structure are shown in Figure 116. 

 

 

 
Figure 116: Original Building – Identified Vulnerabilities 

 

7.1.1 Steel Elements around Single Brace at Pop-Up Structure 

There are 4 steel braces at the second floor of the Pop-Up structure. Three of the braces are 

TS8x4x1/4 X-braces. The fourth brace is single diagonal TS7x7x5/16 shown as (1) on Figure 116. 

For the fixed base model, multiple steel members of the Pop-Up structure are overstressed with 

DCR exceeding the m-factor for LS (BSE-2E) and IO (BSE-1E). However, results from the flexible 

N 



12 Final - MWWTP Seismic Assessment Admin Bldg and Lab Rev 0 

 

base model show that the DCRs below the acceptance criteria for Risk Category IV. It is our 

judgement that the flexible base model is more representative of the building. If the building is 

assumed as Risk Category I & II, the results show that the building meets the acceptance criteria. 
 

7.1.2 South Wall of the Original Lab Building 

The lunch room extension is a light frame greenhouse-like structure located at the south portion 

of the original Lab building. While the extension itself does not significantly impact the seismic 

performance of the overall building, a portion of the original lab exterior wall was removed to 

connect the extension to the rest of the building shown as (2) on Figure 116. The available 

drawings do not show details of any strengthening of the wall prior to the removal of the existing 

wall piers to create access to the lunch room extension. It is recommended to confirm that no 

strengthening of the wall section was performed. Lack of any strengthening creates stress 

concentrations around the large opening. DCR for the wall in this area exceeds the m-factor for 

both the fixed base and the flexible base models and the building does not meet the acceptance 

criteria for Risk Category IV or that for Risk Category I & II. 
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7.1.3 Piles 

The analysis shows that for the fixed base analysis case, the DCRs for lateral forces and/or bending 

moments are higher than the m-factor for both the BSE-1E and BSE-2E case. For the finite element 

model with flexible base, only the pile bending DCRs are slightly above the m-factors. Therefore, 

the piles do not meet the acceptance criteria for Risk Category IV. However, for the flexible base 

model, the piles meet the acceptance criteria for Risk Category I & II. It is our judgement that the 

flexible base model is more representative of the building. 
 

7.1.4 Roof Diaphragm 

For the analysis, the roof diaphragm is assumed to be concrete-filled metal deck as shown on a 

number of drawings. Previously the roof diaphragm was described as non-concrete-filled. 

Based on additional information obtained from EBMUD, the roof diaphragm is a concrete-filled 

metal deck. No additional vulnerabilities are identified for the roof diaphragm. 
 

7.2 NORTH LAB ADDITION 
The vulnerabilities of the North Lab addition are described below. 

 
7.2.1 Steel Moment Frames 

The finite element models show that most steel elements have DCRs below the m-factors and 

meet the acceptance criteria for Risk Category IV. However, for the fixed and flexible base finite 

element models, one beam (highlighted in Figure 117) shows DCR exceeding the m-factor for the 

BSE-1E case. Nevertheless, the North Lab addition meets the code-based acceptance criteria for 

Risk Category I & II. 
 

 

Figure 117: North Lab Addition – Identified Vulnerabilities 
 

7.2.2 Steel Column to Foundation Connection 

The base plate detail for the moment frame column connection to the foundation, shown in Figure 

118, is inadequate to transfer bending moment from the column to the foundations. If the column 

base is considered pinned, the roof drifts will be unacceptable and the ponding between the 
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structures will be excessive. To address this vulnerability, the following options may be 

considered: 

1. Structurally connect the North Lab Addition and the Original structure (similar to the 

connection of the West Lab Addition to the Original structure). However, due to the size 

of the North Lab Addition, such a retrofit may impact the overall structural response. 

2. Add additional structural elements such as shear walls or braced frames to stiffen the 

North Lab Addition. 

3. Retrofit the column base plate connections (at each column base) to fully develop the 

imposed moments and forces from the moment resisting frames. 

Out of these three options, it is our opinion that Options 2 and 3 are less disruptive. 
 

 

Figure 118: Base Plate and Anchor Bolt Detail 
 

7.2.3 Piles 

The analysis shows that for the fixed and flexible base analysis cases, the DCRs for 

bending moments are higher than the m-factor for both the BSE-1E and BSE-2E cases. Therefore, 

the piles do not meet the acceptance criteria for Risk Category IV. However, the piles meet the 

acceptance criteria for Risk Category I & II. It is our judgement that the flexible base 

model is more representative for the building. 
 

7.2.4 Displacements at Roof Diaphragm 

The BSE-2E displacements are greater than the seismic gap between the north lab addition and 

the original building. Pounding between the two structures is likely and potential localized 

damage at the impact areas. 



-15  

7.3 SOUTH ADMIN ADDITION 
The vulnerabilities of the South Admin addition are described below. 

 
7.3.1 Steel Column to Foundation Connection 

Similar to the North Lab addition, the base plate detail is not adequate to transfer the bending moment from 

the column to the foundations. The three retrofit option identified for the North Lab Addition are also 

feasible for the South Admin Addition; however, due to the relatively small footprint of the South Admin 

Addition, Option 1 may be the preferred option in this case. 
 

7.3.2 Piles 

The analysis shows that for the fixed base analysis case, DCRs for lateral forces and/or bending moments are 

higher than the m-factor for both the BSE-1E and BSE-2E cases. For the finite element model with flexible base, all 

DCRs are below the m-factors. For Risk Category I & II only the fixed base DCR for BSE-2E case is slightly above 

the m-factor. It is our judgement, that the flexible base model is more representative of the building. Therefore, 

the piles meet the acceptance criteria for Risk Category IV and Risk Category I & II. 
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2.3 RETROFIT DESIGN RISK CATEGORY I & II 
In his section presents the final retrofit design is described. 

 

2.3.1 Original Building and West Lab Addition 

The retrofit model shows that the south wall opening and pile vulnerabilities are resolved. No 

retrofit is needed for the Original Building and West Lab Addition. 
 

2.3.2 North Lab Addition 

Four new 12-inch thick shear walls are added to exterior walls of the building. The shear walls 

are shown on the building framing plan in Figure 4 and on the pile layout plan in Figure 5. The 

photos of the four new shear walls over the building façade are shown in Figure 6. The locations 

of the east, west and north shear walls were selected so that the ends of the walls are over double 

pile locations. The location of the south wall is selected so it will not interfere with the doors and 

windows along the south face. The north and west shear walls will require covering of some 

windows. The east and west shear walls are 12.25-feet long and the north and south walls are 

14.83-feet and 8.67-feet long, respectively. 
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Figure 4: North Lab Addition – Framing Plan Showing the New Shear Walls 
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Figure 5: North Lab Addition – Pile Layout Plan Showing the New Shear Walls 
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East Shear Wall West Shear Wall 

  

North Shear Wall South Shear Wall 
 

Figure 6: North Lab Addition – New Shear Wall Locations 
 

2.3.3 South Admin Addition 

Three new 8-inch thick shear walls are added to each exterior wall of the building. The shear walls 

are shown on the building framing plan in Figure 7 and on the pile layout plan in Figure 8. The 

photos of the two of the new shear walls over the building façade are shown in Figure 9. The 

locations of the east, west and south shear walls are selected such that the corners of each shear 

wall are on top of a pile group rather than a single pile. All three shear walls are approximately 

8-feet long. No shear walls will require covering of doors or large windows. The location of the 

south wall is selected so it will not interfere with the doors and windows. 
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Figure 7: South Admin Addition – Framing Plan Showing the New Shear Walls 
 

 

Figure 8: South Admin Addition – Pile Layout Plan Showing the New Shear Walls 
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East Façade Shear Wall South Façade Shear Wall 
 

Figure 9: South Admin Addition – New Shear Wall Locations 
 

2.5 RETROFIT DESIGN RISK CATEGORY IV 

2.5.1 Original Building and West Lab Addition 

The seismic evaluation showed overstress in bending for all of the piles supporting the original 

structure and the West lab Addition. This may cause damage to the piles, which may manifest 

itself through cracking in the grade slabs and walls, breakage of windows, cracking of partition 

wall, and ceiling damage resulting in the building to be temporarily unoccupiable. However, it is 

unlikely that this damage would result in damage to the load bearing elements of the structure 

or structural collapse. The original structure is supported on 219 10-inch square piles and the 

West Lab Addition on 42 12-inch square piles. It is estimated that additional 80 piles (see Section 

4.6.1) would be needed to meet Risk Category IV requirements. The additional piles must be 

connected to the existing foundation system to equally share load with the existing piles. 
 

2.5.2 North Lab Addition 

The seismic evaluation for Risk Category IV showed overstress in bending for all of the piles 

supporting the North Lab Addition. Damage to the piles may manifest itself through cracking in 

the grade slabs and walls, breakage of windows, cracking of partition wall, and ceiling damage 

resulting in the building to be temporarily unoccupiable. It is unlikely that this damage would 

result in damage to the load bearing elements of the structure or structural collapse. 

The existing structure is supported on 157 piles. It is estimated that 47 (see Section 5.6.2) 

additional piles will be required. The additional piles must be connected to the existing 

foundation system to equally share load with the existing piles. 

In addition to overstress in the piles, the roof diaphragm at the location of the four new shear 

walls (required for Risk Category I & II) is slightly overstressed for Risk Category IV (computed 

m-factors are 4% higher than the allowable m-factors for Risk Category IV). This slight overstress 

may result in some cracking of the diaphragm but not likely to cause major damage. 
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2.5.3 South Admin Addition 

The retrofit for the South Admin Addition (as described in Section 2.4.3) would be sufficient to 

meet Risk Category IV requirements. 

. 
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7.1 RETROFIT DESIGN DETAILS 

7.1 SHEAR WALL DETAILS 
The conceptual retrofit design is presented in Figure 85. The basic information for the new shear 

walls is shown in Table 21 and the design parameters of the shear walls are shown in Table 22. 

The cross sections at foundations are shown in Figure 86 throughout Figure 92, the cross sections 

at roof beams are shown in Figure 93 and side view of typical shear wall is shown in Figure 94. 
 

 

Figure 85: Admin/Lab Building Retrofit 
 

Details of the connections between the new shear wall and the existing structures is as follows: 

• Connection to foundation beams: 

o North Lab Addition: 54” long #6 rebars @ 12 inches, 9-inch embedment 

o South Admin Addition: 36 long #4 rebars @ 12 inches, 6-inch embedment 

• Connection to the Roof Beams: 

o North Lab Addition:   6-inch long, ¾”∅ S3L Nelson Stud @ 6”. 

o South Admin Addition: 5-inch long, ½”∅ H4L Nelson Stud @ 6”. 

• Connection to the Steel Columns: 

o North Lab Addition: 6-inch long, ¾”∅ S3L Nelson Stud @ 6”. 

o South Admin Addition: 5-inch long, ½”∅ H4L Nelson Stud @ 6”. 
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Table 21: New Shear Walls – General Information 
 

 

 
 

Component 

 

Length 

[feet] 

 
Thick. 

[inch] 

 

Column 

Left (1) 

 

Column 

Middle (1) 

 

Column 

Right (1) 

 

Top 

Beam 

Shear Wall East - Lab [SWE(L)]  

12’-3” 

 

12 

 

W14x159 

 

- 

 

W14x159 

 

W24x55 

Shear Wall North - Lab [SWN(L)]  

14’-10” 

 

12 

 

W14x176 

 

- 

 

W14x176 

 

W24x55 

Shear Wall West - Lab [SWW(L)]  

12’-3” 

 

12 

 

W14x176 

 

- 

 

W14x176 

 

W24x55 

Shear Wall South - Lab [SWS(L)]  
8’-8” 

 
12 

 
- 

 
W14x132 

 
- 

 
W21x44 

Shear Wall East -Admin [SWE(A)]  

8’-0” 

 

8 

 

W12x65 

 

- 

 

- 

 

W16x26 

Shear Wall West -Admin [SWW(A)]  

8’-0” 

 

8 

 

- 

 

- 

 

W12x65 

 

W16x26 

Shear Wall South -Admin [SWS(A)]  

8’-8” 
 

8 
 

- 
 

- 
 

- 
 

W18x35 

(1) DCR Columns are left, right or middle when looking from outside the building 

Table 22: New Shear Walls – Design parameters 
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SWE(L) 4-#11 #4@12 (2) ¾” Studs (4) - ¾” Studs (4) ¾” Studs (4) #6@12” 

SWN(L) 4-#11 #4@12 (2) ¾” Studs (4) - ¾” Studs (4) ¾” Studs (4) #6@12” 

SWW(L) 4-#11 #4@12 (2) ¾” Studs (4) - ¾” Studs (4) ¾” Studs (4) #6@12” 

SWS(L) 4-#9 #4@12 (2) - ¾” Studs (4) - ¾” Studs (4) #6@12” 

SWE(A) 1-#10 #4@12 (3) ½” Studs (4) - - ½” Studs (4) #4@12” 

SWW(A) 1-#10 #4@12 (3) - - ½” Studs (4) ½” Studs (4) #4@12” 

SWS(A) 1-#10 #4@12 (3) - - - ½” Studs (4) #4@12” 
(1) DCR Columns are left, right or middle when looking from outside the building 
(2) Each face, each direction 
(3) Each direction 
(4) All Nelson Studs are at 12-inch spacing 
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Figure 86: Plan View at Foundations – SWE(L) 

 

 

Figure 87: Plan View at Foundations – SWW(L) 

 

 
 

Figure 88: Plan View at Foundations – SWN(L) 

 

 
 

Figure 89: Plan View at Foundations – SWS(L) 

 

 
 

Figure 90: Plan View at Foundations – SWE(A) 

 

 

Figure 91: Plan View at Foundations – SWW(A) 

 
 

 
 

Figure 92: Plan View at Foundations – SWS(A) 
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Section at North Lab Addition Section at South Admin Addition 
 

Figure 93: Cross Section at Roof Beams 
 

 

Figure 94: Side View of Typical Shear wall 

ELEV. +127’ – 4” 

Detail: Figure 93 (right) for South 
Admin Addition. 
North Lab Addition vertical 
reinforcement to be extended 
into the beam as shown in Figure 
93 (left) 

ELEV. +111’ – 0” 
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7.2 ADDITIONS REQUIRED TO MEET CATEGORY IV 

This section discusses the additional retrofit required to meet the Risk Category IV. 
 

7.2.1 Original Building and West Lab Addition 

It is estimated that additional 80 piles are needed to meet Risk Category IV requirements. The 

number is calculated, so the average DCR for the all piles (existing and new) would be below the 

m-factor. The piles must be evenly distributed along the exterior walls of the building. Extension 

of the foundation beams will also be required to connect the new piles to the existing structure. 

The building meets ASCE 41-17 Basic Performance Objectives for Existing structures (BPOE) for 

Risk Category I & II. Addition of 80 new piles that are uniformly spaced around the building in 

between existing battered piles may present a significant constructability challenge. The cost for 

the retrofit to meet the more stringent Risk Category IV criteria is judged to be excessive. 
 

7.2.2 North Lab Addition 

It is estimated that additional 40 piles are needed to meet Risk Category IV requirements. The 

number is calculated, so the average DCR for the all piles (existing and new) would be below the 

m-factor. In addition to new piles, strengthening of the foundation beams and roof diaphragm 

are also required. The piles must be evenly distributed along the exterior walls of the building. 

At least one additional pile must be installed at each corner of each of the four new shear walls 

(required for Risk Category I & II). Extension of the foundation beams will also be required to 

connect the new piles to the existing structure. Given the already heavy reinforcement in the new 

shear walls (for Risk Category I & II), longer or additional shear walls may be needed. Force 

collectors will also be needed at the roof diaphragm. 

Addition of new piles as well as significant additional foundation work may pose a significant 

constructability challenge. The cost for the retrofit to meet the more stringent Risk Category IV 

criteria is judged to be excessive. 
 

7.2.3 South Admin Addition 

The retrofit for the South Admin Addition (for Risk Category I & II) would be sufficient to meet 

the requirements for Risk Category IV. 
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STRUCTURE DESCRIPTION 

2.0 AVAILABLE DATA 
Information on the building included the following: 

• Structural drawings for the original 1951 construction 

• Architectural drawings, dated 1993, by The Ratcliff Architect for the 1996 improvements 

• Structural drawings by DASSE Design, Inc., dated 1993, for the 1996 improvements 

These drawing sets include a total of 63 drawings including 24 architectural and 10 structural 

drawings. In the 1996 improvement drawings, the storage building located north of FSB is 

marked as existing; however, the original 1951 drawings do not show the storage building. 

Therefore, it appears that the storage building was added between 1951 and 1993. Design 

drawings for the storage building are not available. Partial information from the 1993 drawings 

and observations during site visit was used for the seismic evaluation of the storage building. 
 

2.1 GENERAL DESCRIPTION 
The current FSB originally was the garage building constructed in 1951. The 1951 project 

included a 100-foot by 40-foot garage building and an adjacent 42 foot by 40-foot chlorine 

building. The chlorine building was later demolished and in 1996 the garage building was 

remodeled as FSB. Between 1951 and 1996 a 100-foot by 19-foot storage building and a 27-foot 

by 25-foot shed was added to the northern portion of the garage building. The date of 

construction of the storage building and the shed is not known. 

In 1996, as part of the Field Services Warehouse improvements project, the garage, the storage 

building and the shed were remodeled and converted to the current FSB. The project also 

included a new 28-foot by 42-foot locker room building added to the east of the garage. The 

locker room building is separated from the garage by an 8-foot wide corridor. The roof over the 

corridor and the storage building is at a lower elevation than the FSB roof. Figure 1 shows a 

plan view of FSB with the original building and various additions identified with different 

colors. Figure 2 shows the south elevation view of FSB and the locker room building. A 

photograph of the south elevation of FSB and the locker room building is shown in Figure 3. 

Elevation of the storage building located on the north side of FSB is shown in Figure 4 and 

Figure 5. The east and west elevations are shown in Figure 6 through Figure 8. A new 

conference room with its own independent structural system was also added in the interior of 

the existing garage space as shown in Figure 9 and Figure 10. 
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Figure 1: Existing Structures Forming the Current FSB 
 

 

Figure 2: FSB and Lockers South Elevation 

Storage Building (bet. 1951 - 1996) 

100’ x 19’ 

Garage Building (1951) 

100’ x 40’ 

C
o

rr
id

o
r 

(1
99

6
) 

S
h

e
d

 (
1

9
96

) 

2
7

’
 x

 2
5

’
 

L
o

ck
e

r 
R

o
o

m
 (

1
99

6
) 

2
8

’
 x

 4
2

’
 



3 Final - MWWTP Seismic Assessment FSB Rev 0 

 

 

 
 

Figure 3: FSB and Lockers South Elevation 
 

 

Figure 4: Storage Building North Elevation 
 

 

Figure 5: Storage Building North Elevation 
 

 

Figure 6: FSB and Storage Building East and West Elevations 
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Figure 7: FSB and Storage Buildings East Elevation 
 

 

Figure 8: FSB and Storage Buildings West Elevation 
 

 

Figure 9: FSB New Conference Room 
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Figure 10: FSB New Conference Room 
 

2.2 GRAVITY LOAD RESISTING SYSTEM 
The roof over all parts of FSB consists of steel metal deck supported by steel beams and girders 

including the upper roof over the original garage building and the lower roof over the storage 

building and the corridor. The steel girders and columns for the original garage building are 

built-up sections and are part of the steel moment frame as shown in Figure 11. For the locker 

room, the roof beams are supported by steel tube section columns, and for the storage building, 

roof beams are supported by steel wide flange columns. The two entrance canopy structures at 

the south facade are supported by two tube section columns each and are connected to the 

longitudinal steel beams along the south wall. 

Foundation systems for all portions of FSB are on spread footings. 
 

 

Figure 11: Moment Frame Cross-Section – Original Building 



6 Final - MWWTP Seismic Assessment FSB Rev 0 

 

2.3 LATERAL LOAD RESISTING SYSTEM 
The roof for all structural sections consists of flexible metal deck diaphragms. The roof 

diaphragms transfer the loads to the lateral load resisting structural elements. For the original 

garage structure, the lateral load resisting system consists of moment resisting frames in north- 

south direction and two X-braces in east-west direction. For the storage building, the corridor 

and the locker room, the lateral load resisting system consists of plywood shear walls over cold- 

formed steel wall studs. The original garage is connected to the various additions (as shown in 

Figure 12) forming one continuous structure for seismic load transfer. 
 

 
 

Figure 12: FSB – Connections between the Parts 
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6.0 IDENTIFIED VULNERABILITIES 
This section presents the summary of the identified vulnerabilities. 

 

6.1.1 Deflections 

The structure has high displacements and story drifts, therefore, significant damage to 

nonstructural elements such as windows and HVAC components is likely, and could be a life 

safety hazard. Better attachments of the overhead HVAC ducts, light fixtures, and other non- 

structural elements is recommended. 

6.1.2 Lack of Shear Walls between the Low Roof of the Corridor and High Roof at 
the Locker Room 

There are large relative displacements between the lower roof of the corridor and the upper roof 

of the locker room resulting from the lack of shear walls with lateral resistance provided only by 

the steel tube sections (shown in Figure 66). Damage to the windows is likely and this could be a 

life safety hazard. Stiffening of the steel tube columns under the roof for BSE-2E event is 

recommended. 

6.1.3 Conference Room Structure 

The structure of the conference room has an inadequate lateral load resisting system. The steel 

pipe columns are pin-connected to the base and to the canopy. Columns should have a fixed- 

base connection for adequate moment transfer to create a complete lateral load resisting system. 

6.1.4 Plywood Shear Wall at Line 1 

The building has an irregular placement of shear walls as shown in Figure 32, which results in 

high DCRs for the short plywood shear wall and anchor bolts along the west wall of the storage 

room. The shear wall is marked in Figure 66. The high DCR in the plywood shear wall at line 1, 

is partially due to the original garage structure leaning against the storage building. 

The DCR for Risk Category IV is higher than the m-factors, however the DCR for Risk Category 

I & II is below the acceptable m-factors. 

6.1.5 Steel Structure 

For Risk Category IV and fixed base model, all DCRs for the steel structure are below the m- 

factors. However, for the flexible base model, a single column (at column line A and line 2 

intersection as shown in Figure 66 ) has DCR (2.06) slightly higher than the m-factor of 2.0. The 

high DCR is mostly caused by the bending moment in the column at the diagonal element 

connection. As shown in Figure 18, the tapered section of the column is modeled with four 

constant cross sections. At the location of the maximum moment the actual cross section (14.0- 

inches deep) is deeper than the section in the FE model (13.5-inches deep). If the actual cross 

section properties are used with the forces and moments in the critical section, the DCR would 

be 1.97, just below the m-factor. Based on this, it is judged that the column has acceptable 

performance. The DCR for Risk Category I & II are below the acceptable m-factor for both the 

fixed base and the flexible base models. 



   

6.1.6 Permanent Ground Displacement Damage 

The bending capacity of the grade foundation beam is insufficient for passive soil pressure loading in 

East-West direction (see Section 5.1.5). 

There are no connections between the foundations of the original building and the extensions; 

therefore, separation of the building sections of FSB due to an estimated 6 inches of lateral spread will 

result in damage to the steel elements connecting the extensions to the original building. Soil 

improvement to reduce liquefaction-induced lateral spread hazard or structurally tying the building 

sections together are possible options for mitigating this hazard. 
 

 

 

Figure 66: Field Services Building – Identified Vulnerably 

 

Shear wall with high DCR 

(Line 1) 

Tube Section Column 

with high DCR (Line A) 

Column with high DCR (Line 2)) 
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2.1 PROPOSED RETROFIT 

2.1.1 Building Deflection and Drift 

To reduce building deflection and drifts three retrofit options are considered feasible: 

1. Option 1: Add additional structural braces (as shown in Figure 2) to two of the six 

frames of the original structure. The new braces are added to the frame at the west wall 

and the frame between the original building and the locker room. This option will 

satisfy the drift requirements for both Risk Category IV and Risk Category I & II. 

However, this option may require new foundations (possibly piles) and could create 

accessibility issues as well as disruption of building function during construction. 

2. Option 2: The cross-sections of the primary moment frames are stiffened by welding 4- 

#10 rebars at the web to flange connection (as shown in Figure 3) of the columns and the 

beams. Other options such as adding steel plates to the flanges instead of rebars could 

also be considered. This option will not require foundation modifications and will not 

create accessibility issues; however, every single frame will need to be retrofitted, which 

will cause disruption throughout the building interior and will impact building function 

during construction. This option will satisfy the drift requirements for Risk Category I & 

II only. 

3. Option 3: Add two exterior buttress walls (as shown in Figure 4) at the south elevation 

of the building. The new walls will be connected to the south-west and south-east 

columns of the original building. This option will satisfy the drift requirements for both 

Risk Category IV and Risk Category I & II. This option will require new piles 

foundations and will change the architectural appearance of the building, but it will be 

least disruptive to the interior functions of the building. However, it may create some 

accessibility issues during construction because one of the buttress wall will be located 

close to one of the building entrances. 

Option 2 has been developed further in this conceptual design due to ease of modeling and 

some uncertainly as to the need to pursue a Risk Category IV performance level for this facility. 

Also, the cost of disrupting building function has not been reflected into this conceptual design 

cost estimate. 
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Figure 2: Field Services Building – Retrofit Option No. 1 

 

 

 

 

 

Figure 3: Field Services Building – Retrofit Option No. 2 
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Figure 4: Field Services Building – Retrofit Option No. 3 
 

2.1.2 New Shear Walls between the Low and High Roof at the Locker Room 

At the locker room add new shear walls and extended to the roof as shown in Figure 5. 

Alternatively, stiffening tube columns is an option but not preferred as it will be more costly 

and disruptive. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

South Elevation North Elevation 

Figure 5: Field Services Building – Extending Shear Walls at Locker Room 
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2.1.3 Plywood Shear Wall at Line 1 

To increase the capacity of the shear wall at line 1 (Figure 6), the nails/screws are doubled. 
 

 

Figure 6: Field Services Building – Shear Wall at Line 1 
 

2.1.4 Conference Room Structure 

The conference room is a standalone partition structure within the building that currently does 

not have a complete lateral load resisting system. The structure is vulnerable to ground shaking 

in the north-south direction due to lack of moment connection at the base. Retrofitting the four 

column bases (shown in Figure 7) of the conference room structure to make moment connection 

in both directions will reduce its seismic vulnerability. With this retrofit, the structure will have 

acceptable strength, however, the drift at the canopy level will still be high. High drifts can 

result in glass breakage. Bracing between columns or other means of stiffening the system can be 

considered to reduce drift and the potential for glass breakage. However, additions may impact 

current access and aesthetics. The option of making the column to canopy beam moment 

resisting in both north-south and east-west direction is not considered feasible. 
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Figure 7: Field Services Building – Conference Room Column Base Retrofit 
 

2.1.5 Foundation Retrofit for PGD 

To increase the capacity of the foundation beam and to prevent separation, all around 

foundation beam (as shown in Figure 10) is added. The lateral spread PGD is in the direction 

toward the nearby body of water (Bay) which would predominately cause loading on the north 

and south side foundation beams. However, since the lateral spread direction is not exactly 

perpendicular to the building’s north-south axis, the east-west foundations beams may see a 

component of lateral spread. The geotechnical report (AGS, 2020) shows that relatively small 

ground deformation results in full passive pressure, which will load the east-west foundation 

beams. 

This retrofit will not be required if a ground improvement solution to reduce lateral spread 

hazard is implemented. Ground improvements, being considered for the Outfall, Effluent Pump 

Station and Plant Effluent Channel facilities, will also support the reduction of lateral spreading 

at the Field Services Building and the Effluent Sampling Station. 
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Figure 8: Field Services Building – Foundation Retrofit 
 

5.0 RETROFIT DESIGN DETAILS 
This section presents the summary of the structural retrofit of FSB structure. 

 

5.1 ORIGINAL STRUCTURE 
To limit the displacements/drifts (to less than 2%) of the original structure, the moment frames 

are retrofitted to increase their stiffness. Four #10 rebars (or equivalent round bars) are welded 

(Option 2) to the cross-sections of the columns and the beams as shown in Figure 38. 
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Figure 38: Field Services Building – Moment Frame Retrofit 
 

Other options such as internal steel braces (Option 1) or exterior buttress wall (Option 3) can 

also be considered. 
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5.2 SHEAR WALLS AT THE LOCKER ROOM 
The shear walls at south elevation and the shear walls at north elevation are partially extended 

to the roof structure to reduce the displacements at the roof level. The new shear walls are 

designed same as the existing shear walls. The details are shown in Figure 39 (from EBMUD 

SD122 Drawing No. A6, S7.1, and S7.3). 
 

 

Figure 39: Field Services Building – New Shear Walls at Locker Room 
 

5.3 CONFERENCE ROOM STRUCTURE 
The retrofit of the four column bases as shown in Figure 40. 

 

 
 

Figure 40: FSB – Conference Room Column Connections – Retrofit 

(TYP.) 
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5.4 PLYWOOD SHEAR WALL AT LINE 1 
The shear wall is shown in Figure 41 (from EBMUD SD122 Drawing No. S2.1). The nails/screws 

are doubled to increase capacity. 
 

 

Figure 41: Shear Wall at Line 1 in the Storage Room– Retrofit 
 

5.5 FOUNDATION RETROFIT 

The foundation retrofit will not be required if ground improvements to mitigate lateral spread 

hazard are performed. 

The capacity of the foundation beams on the East and West sides of the building are insufficient 

to withstand PGD from liquefaction-induced lateral spread (assuming that the lateral spread 

direction is not exactly parallel to the building foundations). Also, the foundation of the north 

addition is not tied to the foundation of the original building and will separate under the 

estimated PGD. A foundation ring (Figure 42 and Figure 43) around the building is designed to 

retrofit the foundations and to tie the foundation of the original building and the additions. 
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Figure 42: Field Services Building –Foundation Retrofit Plan View 
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Figure 43: Field Services Building –Foundation Retrofit Details 
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5.6 CONSTRUCTION SEQUENCE 

The five major retrofit activities can be performed independent from each other without 

following any particular construction sequence. 
 

5.7 ADDITIONS REQUIRED TO MEET CATEGORY IV 
As shown in Table 2, the retrofitted structure will meet the initial risk Category IV requirements 

without any additional work, except for story drift in the north-south direction. In order to meet 

the story drift requirement of 1% drift in the north-south direction Retrofit Option 1 (Figure 2)  

or Option 3 (Figure 4) will be required. As discussed previously, these options may create 

accessibility issues and/or require new foundations. However, Option 3 may be preferrable over 

Option 1 because of disruption in the interior of the building during construction. 
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Photo Sheet  
Electrical Distribution Lines 

   

In the Galleries 

      

On Cable Trays (Outdoor) 

              

                      On Cable Trays (Indoor)                                 In buried duct banks 



LABEL NAME YEAR SD#

SD317A AnchorageSub

SD227 AnchorageSub
E3 Elect Sub Sta S2 1990 SD170 1990 SD170 Seismic Calcs
E4 Elect Sub Sta U1 1972, 1998 SD118, SD227 SD227Sub57B

E6 Elect Sub Sta U3 1998 SD227
SD227Sub57B

1990 SD170 Seismic Calcs

E7 Elect Sub Sta U4 and U5 1973, 1998 SD120, SD227

E8 Elect Sub Sta U6 and U7 1973, 1998 SD120, SD227

E9 Elect Sub Sta U8 and U9 1973, 1998 SD120, SD227 SD227Sub34A_U8U9_AnchCalcs.pdf
E10 Elect Sub Sta S3, U10 and U11 1973, 1998 SD120, SD227

E11 Elect Sub Sta U12 1998 SD227 SD227Sub57B

E12 Elect Sub Sta U13 1998 SD227 SD227Sub57B

E13 Elect Sub Sta U14 and U15 1998 SD227 SD227Sub57B

E14 Elect Sub Sta U16 2008 SD319 E14 - Substa U16

E15-A Elect Sub Sta S1, U20, and U21 1990 SD170 1990 SD170 Seismic Calcs

E16 Elect Sub Sta U22 1998 SD227
SD227Sub57B

1990 SD170 Seismic Calcs

E17 Elect Sub Sta U28 2004 SD275 U28 Anchorage Submittal.pdf

E18 Elect Sub Sta U29 & U30 2009 SD317A Substas U29 U30\AnchorSub

EF4 Elect Sub Sta for Maint. Bldg. 1998 SD233A

E19 Elect Sub Sta for Dechlor (PG&E owned)

Substation List

SD120, SD227, 

SD317A

1973, 1998, 

2009

GENERAL COMPONENT DATA  CONSTRUCTION

Anchorage Information for Substations

E1 Elect Main Substation

Anchor Calcs

W:\nab\WED\Planning\Programs\Seismic\2022 AdminFacRetro\Scope ReferenceDocs\ElectDistr\2020 Substa List

../../../SeismicEval Update/Task 2-1 Data Collection and Review/Record Drawings/E1 - Main SubSta/SD317A AnchorageSub
../../../SeismicEval Update/Task 2-1 Data Collection and Review/Record Drawings/E1 - Main SubSta/SD227 AnchorageSub
../../../Electrical Dist Imp/Phase 1/Anchoring Docs/1990 SD170 Seismic Calcs for Various Electr Eqp.pdf
../../../SeismicEval Update/Task 2-1 Data Collection and Review/Record Drawings/E4 - Substa U1 AGT/SD227Sub57B
../../../SeismicEval Update/Task 2-1 Data Collection and Review/Record Drawings/E4 - Substa U1 AGT/SD227Sub57B
../../../SeismicEval Update/Task 2-1 Data Collection and Review/Record Drawings/E4 - Substa U1 AGT/SD227Sub57B
../../../SeismicEval Update/Task 2-1 Data Collection and Review/Record Drawings/E9 - SubStas U8 U9/SD227Sub34A_U8U9_AnchCalcs.pdf
../../../SeismicEval Update/Task 2-1 Data Collection and Review/Record Drawings/E4 - Substa U1 AGT/SD227Sub57B
../../../SeismicEval Update/Task 2-1 Data Collection and Review/Record Drawings/E4 - Substa U1 AGT/SD227Sub57B
../../../SeismicEval Update/Task 2-1 Data Collection and Review/Record Drawings/E4 - Substa U1 AGT/SD227Sub57B
../../../SeismicEval Update/Task 2-1 Data Collection and Review/Record Drawings/E14 - Substa U16
../../../Electrical Dist Imp/Phase 1/Anchoring Docs/1990 SD170 Seismic Calcs for Various Electr Eqp.pdf
../../../SeismicEval Update/Task 2-1 Data Collection and Review/Record Drawings/E4 - Substa U1 AGT/SD227Sub57B
../../../SeismicEval Update/Task 2-1 Data Collection and Review/Record Drawings/E4 - Substa U1 AGT/SD227Sub57B
../../../SeismicEval Update/Task 2-1 Data Collection and Review/Record Drawings/E17 - Substa U28/U28 Anchorage Submittal.pdf
../../../SeismicEval Update/Task 2-1 Data Collection and Review/Record Drawings/E18 - Substas U29 U30/AnchorSub


Photo Sheet  
Electrical Substations 

      

Portion of Main Substation    U29 and U30 (PGS2) 

            

          U1 (AGT)                         U20 and U21 (IPS) 

                 

            EF4 Substation at Maintenance Center         Typical Interior Substation 



Digester Gallery Slab and EPS Canopy 



Evaluation
Digester Gallery & Pipe Chase

• Identified Vulnerabilities
– Digester gallery slab is overstressed at 3 out of 17 overhead pipe 

chase supports

33

• Consequences
– Damage to digester gallery roof

– Damage or tilting of overhead pipe chase

– Damage to gas pipe and other pipelines in gallery and on chase



Mitigation
Digester Gallery & Pipe Chase

• Recommended Retrofit
– Thicken digester gallery roof slab

– Three locations

34



Mitigation
Effluent Pump Station

• Recommended Retrofits
– Retrofit entrance canopy by anchoring it to EPS wall

35



2021 Criteria and  

Seismic Hazard Information 



Evaluation Criteria

• Evaluation Standards:  ASCE 41-17, ACI 350.3-06, ASCE 7-16, CBC

ASCE 41-17 Earthquake Levels for Existing Structures

• Seismic Hazard Information:  2020 Geotechnical Investigation Findings

ASCE 41-17 Designation Probability of Exceedance (p/e) Equivalent Return Period (Years)

BSE-2E 5% p/e in 50 years 975
BSE-1E 20% p/e in 50 years 225

LiquefactionSeismic Loads
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