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Julie Heilman
 
State Hydraulic Engineer
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Current Duties
 

Background and 

Experience
 

Education
 

• Hydraulics Section 
• Hydrology Section 
• Stormwater Section 
• Fish Passage Section 

• 22 years at WSDOT 
• Construction Management 
• Transportation Engineer 
• Hydraulics Engineer 

• B.S. Civil Engineering
 
(WSU)
 

Personal 
Interests 

• 2 teenagers 
• 1 college kid 
• Lots of House Projects 
• Large extended family 
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Casey Kramer
 
Principal River Engineer
Natural Waters, LLC 

Current Duties
 

Background and 

Experience
 

Education
 

• Owner of Natural Waters, LLC 
• WSDOT HQ staff augmentation team 

assisting State Hydraulics Engineer 

• Previous WSDOT State Hydraulic 
Engineer 

• Private sector hydraulics and river 
engineering consultant 

• Research River Engineer 

• B.S. Civil Engineering (Washington State 
University) 

• M.S. River Engineering (University of Iowa 
– Iowa Institute of Hydraulic Research) 

• Spending time with family 
• Rivers 
• Dirt biking, Fishing, Camping, and 

Coaching/Watching Sports Personal
 
Interests
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Scour Countermeasures Overview
 

• Scour countermeasure minimum requirements
 

•	 Right of way coordination 

•	 Provide summary for use of scour countermeasures 

•	 Importance of properly designed and constructed 
scour countermeasures 

•	 Scour countermeasure design requirements 

•	 Scour countermeasure specifications 

•	 Scour countermeasure examples 

•	 Scour countermeasure minimum requirements 

•	 Importance of inspection 
Image Source: Casey Kramer 
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Scour Countermeasure Minimum 
Requirements 
• WSDOT H_HD Template (May 2022) 

• PHD to document preliminary type (preliminary typical section using estimated scour determined in 
Section 7.5 (Section 7-4.11 in WSDOT HM) and WSEs determined in Section 5.4 (Section 4-6.2.2 in 
WSDOT HM)) and extents (plan view of preliminary extents upstream and downstream of crossing; 
and vertically from the estimated depths of scour at the scour check flood, to 1 foot above the 100-year 
WSE) for proposed scour countermeasures to facilitate discussion if additional TCE, ROW, 
SFZ, etc. limits are required. 

• FHD to document details on the countermeasure design (final typical section using scour 
determined in Section 7.5 (Section 7-4.11 in WSDOT HM) and WSEs determined in Section 5.4 
(Section 4-6.2.2 in WSDOT HM)), sizing and extents (plan view of final extents upstream and 
downstream of crossing; and vertically from the depths of scour at the scour check flood to 1 foot 
above the 100-year WSE). Section should also document design analysis. 
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PRE-DESIGN 

Preferred Stream Aliinment Alternative Selection 

Pre-Design Team 

Gceotechnical Scoping 
Me mo/ Packaie 

Assess how streom al/snment moy of(ed; ulflides. eosements. roo<JNOy 
seo,,,etry, etc. Geot~ complete desk review of s.lte to detetmfne drl!Hns 
plan and Pft1!1IC$. 

Geotechnbl + 
Pre-Dcslp Tt"~m 

Pre/erable for Geotecmical 
.sai,,;,,a l..md to cootdinate 
prior to slllfflf\1 srot«hnical 
mtmO! ~lx'lllins 
pion may l'ttd to llt 
updated boscd OIi streom 
~-(. 

!ff~ strmm desi8,t alt<m<ml'e s,ject•d. Pltliminary scot1r esrimaied based 
on seotechnirDI ,copins memo~ and mimnum h)Ollulic opening. 

Gen=I Noles 

Geott!Chnlc:al + Pn!-Desipi o, Des/111 
Team+ Hydraulics 

Pn?-Desi&n or ~jg,, Team 
coordinotes with Geotechnic.oJ Sropi'18' 
lead and PHD l.eod an method5 
te.g., bori'18'>, hand~ etc.J for 
obtainilis odditiooof g<otechrurol data 
to support PHO for asses:si'18' various 
component's of !()(of SGOCK. 

Incorporate scismic design of 
wans. structures ancl proximity 
of unstable slopes_ 

Prc·Ocslan Team + 
G4,olcchnlcal + H)'draiullcs 

If eorty coordlnollon did no( 

happen pri« to startina the 
a,,otechniar,i scop,ng m.emo, 
~ -e,m1,,e •I supplcmo,tol 
a,,ottchnical dato is needed 
to .support PHO for assessing 
YClrfous COl11l,lMtM 0/ 
total scour. 

Contact HQ Hydraulics 
with questions 

Are scotE countmneosures 
nudcd for l)IO(ectlon of wolls; 
roadway embankments; or 
restorolion ~ (e.,.. 
[WM proposed or acrumulatiort 
o/lWM ~tedlllsideo 
water crosq structureJ? 
When sccurC01JT1tenneosures 
(J(f!counledon to~ 
scow~ of o ~ al>lllment 
.uth dttJ) foondotiom; 
111GW1(ffi011Ce 0CUSS is requirt(I. 

Pre·Desia,'lbn + 
Hydraulics+ 
Geott"dlnlcol' + 
Bridge 

Sec~ 

suic1onet '°' {r$h 
pclSf<ISt pR>it(ff 
docunent, 

Pre liminary 
Total Scour 

Hydraulfcs + 
Pre-Design Team 

Vpdote~ 
to(oJ K01M 1/oud on 
SFZ (,f needecO. 

Right of Way Coordination
 

•	 Early coordination with WSDOT is critical 
to identify if various design elements or 
scour countermeasures may need 
additional right of way 

•	 Assessment of potential scour 
countermeasure extents in relation to right 
of way is a critical aspect during the PHD 

Image Source: WSDOT 

Slide 6
 



  

 

 

Use of Scour Countermeasures
 

1. Protection of existing structures
 

Image Source: Casey Kramer 
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Use of Scour Countermeasures
 

2.	 Protection of roadway 
embankments, walls or other 
infrastructure components 

Image Source: Casey Kramer 

Slide 8
 



  

     

       
 

 

Use of Scour Countermeasures
 

3. Large woody material or large complexity features 

– When key pieces of LWM are placed or are material is 
anticipated to accumulate within water crossing 

Image Source: Casey Kramer 
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Use of Scour Countermeasures
 

4.	 Deep Foundations (e.g., piles and drilled shafts) 

–	 Some locations based on soils and stream/bank 
stability may rely on scour countermeasures 

–	 Communication and early coordination shall happen 
between project, hydraulics, geotechnical and 
structures offices to determine scour elevations at 
each water crossing element 

–	 If used, maintenance access and clearance under a 
structure is required (Roadside Manual 830) 

Image Source: WSDOT 
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Importance of Properly Designed and 

Constructed Scour Countermeasures
 
•	 Scour countermeasures shall be designed and constructed 

following: 

–	 HEC-23 

–	 FHWA TechBrief – Hydraulic Considerations for
 
Shallow Abutment Foundations
 

HEC-23 Vol. 1 HEC-23 Vol. 2 FHWA TechBrief – Hydraulic Considerations for 
Shallow Abutment Foundations 
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Scour Countermeasure Design 
Requirements 
•	 Portion of scour countermeasure above long-term degradation plus contraction scour 

at the scour check flood should be outside of the minimum hydraulic width 

•	 Apron is required to mitigate abutment scour (FHWA TechBrief – Hydraulic
 
Considerations for Shallow Abutment Foundations)
 

Image Sources: WSDOT 
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PROPOSED GRADING 

EMBANKMENT 
COMPACTION 

VARIES 

~------

ROCK REVETMENT AND 
FILTER 81.AAf<ET 

a 2311 · 

LARGEST ROCK FROM ROCK FOR EROSION AND 
SCOUR PROTECTION Cl.ASS B (2.5' DIAMETER) 

ROCK REVETM EN T AND FILTER 
BLANKET DETAIL 

(NOT TO SCALE) 

ROCK REV[IMENT - 2.5' ROCK FOR EROSION 
.IND SCOUR PROTECTlON CLASS B 

BLEND TO t.tATCH EXISTING 

E-UNE 
I( 

CH6.NNEL 
EXCAVATION_/ EXSTING GROLWD 

Scour Countermeasure Design 
Requirements 
•	 Toe of rock revetments shall use larger 

fractions of rock class or a separate rock 
specification 

•	 A filter is required for all scour 
countermeasures 

–	 Granular filter 

–	 Geotextile 

•	 When utilizing scour countermeasures for 
design of deep foundations, calculated rock 
size (gradation) shall be increased by 1 rock 
class 

Image Source: Kittitas County Public Works 
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Scour Countermeasure Specifications
 

• WSDOT Standard Specifications 9-13.4(2)
 

– Class A 

– Class B 

– Class C 

• DO NOT USE 

– 9-13.1(2) – Heavy Loose Riprap 

– 9-13.1(3) – Light Loose Riprap 

Image Source: WSDOT 

Image Source: Casey Kramer 
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Scour Countermeasure Specifications
 

•	 WSDOT is working on developing a new 
gradation (Class D), for now coordinate with HQ 
hydraulics for development of a special 
provision 

Image Sources: WSDOT 
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Scour Countermeasure Specifications
 

•	 Toe of rock revetments shall use larger 
fractions of rock class or a separate rock 
specification 

•	 If separate rock specification is required, use 
9-13.7(1) – Rock for Rock Walls 

Image Source: Casey Kramer 

Image Source: WSDOT 
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Scour Countermeasure Specifications
 

•	 A filter is required for all scour countermeasures 

•	 Filter allows a permeable, free-flowing interface 
between rock and parent material 

•	 Filter reduces effects of piping through voids of 
large rock 

•	 Methods in HEC-23 and provided in FHWA 
Hydraulic Toolbox shall be used 

•	 A granular filter typically consists of: 

–	 9-03.9(2) – Permeable Ballast 

–	 9-12.1(5) – Quarry Spalls 

Image Sources: WSDOT 
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Scour Countermeasure Specifications
 

•	 Some projects may use a geotextile 

•	 Coordination with the geotechnical and construction 
office shall occur during design of scour 
countermeasure 

•	 WSDOT geotextile specifications 
– 9-33 Construction Geosynthetic 

Image Source: WSDOT 
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Scour Countermeasure Minimum 
Requirements 
• WSDOT H_HD Template (May 2022) 

• PHD to document preliminary type (preliminary typical section using estimated scour determined in 
Section 7.5 (Section 7-4.11 in WSDOT HM) and WSEs determined in Section 5.4 (Section 4-6.2.2 in 
WSDOT HM)) and extents (plan view of preliminary extents upstream and downstream of crossing; 
and vertically from the estimated depths of scour at the scour check flood, to 1 foot above the 100-year 
WSE) for proposed scour countermeasures to facilitate discussion if additional TCE, ROW, 
SFZ, etc. limits are required. 

• FHD to document details on the countermeasure design (final typical section using scour 
determined in Section 7.5 (Section 7-4.11 in WSDOT HM) and WSEs determined in Section 5.4 
(Section 4-6.2.2 in WSDOT HM)), sizing and extents (plan view of final extents upstream and 
downstream of crossing; and vertically from the depths of scour at the scour check flood to 1 foot 
above the 100-year WSE). Section should also document design analysis. 
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Scour Countermeasure Minimum 
Requirements 
• PHD 

• Type and extents of potential scour countermeasures based on: 
• Estimated total scour downstream, upstream and through proposed water crossing 
• Constructability 
• Key pieces of LWM are placed or are anticipated to accumulate within water crossing 
• On-site visual assessment of erosion 
• 2D model results 

• FHD 
• Type, sizing and extents of scour countermeasures based on: 

• Total scour downstream, upstream and through proposed water crossing 
• Constructability 
• Key pieces of LWM are placed or are anticipated to accumulate within water crossing 
• On-site visual assessment of erosion 
• 2D model results 
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Scour Countermeasure Examples
 

• WSDOT Hydraulics Manual Figure 7-18 
– Abutment Scour Calculated to be greater than zero feet – Apron required 

• WSDOT Hydraulics Manual Figure 7-19 
– Abutment Scour Calculated to be zero feet – No apron required 

• HEC-23 provides other options for scour countermeasures 

Image Sources: WSDOT 
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Scour Countermeasure Example
 

Image Source: GeoEngineers 
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Image Source: GeoEngineers 
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Scour Countermeasure Example
 

Image Source: GeoEngineers 
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Importance of Inspection 

• Inspection during construction 

–	 Photo documentation 

–	 Rock size and extents documentation 

–	 Surveyed As-Builts prior to completion 

–	 HQ hydraulics staff on site 

–	 Coordination with bridge preservation office 

• Inspection during bridge inspections 

–	 Scour countermeasure considered part of the asset it 
is protecting 

–	 Confirmation of as-built condition and changes in 
channel 

Image Sources: Casey Kramer 
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