
PEN 1 & PEN 2
Seepage and Stability Analyses

Flood Levels Analyzed:
◦ USACE Authorized Design Water Elevation 

◦ Reverse Analysis to Check Max Flood Height

Levee Seepage & Stability (Cornforth)

Freeboard (WEST)



Peninsula Drainage Districts No. 1 
and No. 2
Authorized by the 1936 Flood Control Act –
Columbia River flood of 1876

Summary Water Surface Elevations for PEN 1 & PEN 2 Levee System – NAVD88

River Mile 1%-annual-chance 

(100 yr.) - FEMA

0.2%-annual-chance 

(500 yr.) – FEMA

DWSE (470 yr.) - USACE

PEN 1 - 106.0 31.5 ft. 35.0 ft. 34.8 ft. 

PEN 2 - 107.4 31.8 ft. 35.3 ft. 35.1 ft.



PEN 1 – NW Corner



PEN 1 – SW Corner



PEN 1 – SE Corner



PEN 1 – N Marine Drive Levee - 100 Year Analysis 



PEN 1 – N Marine Drive Levee - USACE authorized design water elevation analysis 



PEN 1 – N Marine Drive Levee - Reverse Analysis



Floodwall

PEN 1 – N Marine Drive Floodwall - USACE authorized design water elevation analysis



PEN 1 – Columbia Slough Levee near PIR - 100 Year Analysis



PEN 1 – Columbia Slough Levee near PIR - USACE authorized design water elevation analysis



PEN 1 Summary
Problem areas focused on RR embankment & 
freeboard in Reach 1-15

Floodwalls meet USACE structural stability standards 

Reach 1-11 to be identified in O&M manual as “watch 
area” during flood events

Freeboard issues in Reach 1-15 need to be addressed



PEN 2 – NW Corner



PEN 2 – NE Corner



PEN 2 – SE Corner



PEN 2 – SW Corner



PEN 2 – Bridgeton Road Levee - 100 Year Analysis 



PEN 2 – Bridgeton Road Levee - USACE authorized design water elevation analysis



PEN 2 – Bridgeton Road Levee - Reverse Analysis



PEN 2 – Peninsula Drainage Canal - 100 Year Analysis



PEN 2 – Peninsula Drainage Canal - USACE authorized design water elevation analysis



PEN 2 – Peninsula Drainage Canal - Reverse Analysis



PEN 2 Summary
Problem areas focused on Peninsula Drainage Canal & 
freeboard in Reach 2-5

Seepage & stability issues along Peninsula Drainage 
Canal could likely be addressed with modifications to 
existing levee

Freeboard issues in Reach 2-5 need to be addressed



General Conclusions

Results are positive - majority of systems perform to 
much higher standard

No problems under USACE authorized design water 
elevation that did not exist under FEMA 100 year flood

Deficiencies identified in the October 2014 Levee 
Engineering Assessments still need to be addressed

Analyses will be helpful to address encroachments & 
inform the Districts’ O&M and Emergency Plans

Analyses are valuable for FEMA accreditation




