
Headwater Sediment Discharge 

The headwater transition zone as an urban sediment erosion hotspot 

The headwater transition zone acts as a watershed “hotspot” for sediment erosion and 
downstream delivery (Lowe, 2018). The headwater transition zone has many 
characteristics that promote high rates of erosion and sediment delivery. These include:  
 

• Erosive force of flows discharged from storm drain outfalls 

• High channel slopes and energy conditions 

• Exposed and non-cohesive soils   

• Poor vegetative cover 

• Floodplains that are narrow or absent 
 
Consequently, outfall erosion is a major problem in the headwater transition zone, 
which usually caused by a combination of the following: 
 

o Uncontrolled stormwater runoff from upstream development 

o Inadequate energy dissipation structures below the outfall 

o Nick points migrating upstream that reach the outfall  

o Poor slope stabilization or fill spoils presents below the outfall 

o Extreme storm events that exceed design capacity of the channel. 

While the 2019 Work Group analyzed many engineering calculations showing very high 
potential sediment delivery from the headwater transition zone, they were only able to 
find two watershed monitoring studies that measured erosion rates in this zone (Smith 
and Wilcox, 2015 and Downs et al, 2018). 
 

Bank Erosion in Headwater Urban Stream Network 
 
Urbanization and channel position within the stream network also play a role in 
determining potential sediment loss. Urbanization diminishes the functional capacity of 
streams to retain both sediment and nutrients, and further research has shown 
increased rates of channel erosion and sediment yield in urbanizing streams (Trimble, 
1997; Booth and Henshaw, 2001; Langland and Cronin, 2003; Allmendinger et al., 
2007; Fraley et al., 2009). 
 
It is also important to clearly define where in the stream network restoration work is 
occurring, and how that impacts the practices and crediting methods used. The urban 
watershed stream network can be thought of as four distinct zones: Upland Zone, Urban 
Drainage Zone, Outfall/Gully or Headwater Transition Zone, and the Stream Corridor 
(Figure 1).  
 
These zones represent the flow of stormwater from upland land uses into altered urban 
drainage (swales, ditches and storm drain pipes), which then discharge into the 
beginning of the urban stream network. It should also be noted that swales, ditches and 



storm drain pipes are, in some cases, “lost” historic streams that may present additional 
opportunities for restoration (Beaulieu et al. 2015; Elmore and Kaushal 2008). 
 
Figure 1. The Four Zones of the Urban Watershed Stream Network. 
 

 
 

Each zone has unique characteristics that are therefore restored and credited differently. 
Protocol 4 and 5 are often used to define the nutrient and sediment removal rates for 
restoration practices in the headwater transition zone. 
 

• Protocol 4 (Dry Channel Regenerative Stormwater Conveyance): is for zero order 
channels with intermittent flow and is credited as a stormwater retrofit practice. 
These practices occur in the urban drainage zone to directly capture upland 
runoff or are used at the stormwater outfall to capture and treat stormwater in 
the headwater transition zone.  

• Protocol 5 (Outfall and Gully Restoration): is designed to create a stable channel 
to dissipate energy that extends from the storm drain outfall to the perennial 
stream network. The new channel is re-constructed to achieve an equilibrium 
state where future sediment loss is minimized or eliminated altogether. These 
projects may only be applied within the headwater transition zone and active 
headcut areas (Group 2, 2019). 

 

Technical Rationale for Protocol 5  
 
This section documents why Protocol 5 is consistent with, but different from, Protocol 1. 
It describes the technical analyses the group conducted to support its conclusions that a 
new protocol is merited within the headwater transition zone, and why the method 
presented in MDOT SHA (2018) is technically supportable. 
 
Figure 4 compares the unit area sediment loads for upland urban land uses and 
downstream urban channels, as simulated in the calibrated Phase 6 watershed model. 



Upland sediment loads tend to be much lower than those generated by the network of 
urban stream channels, even when under active construction. Even higher sediment 
loading rates are inferred for the headwater transition zone, based on the engineering 
calculations that Lennon and Lowe (2018) and McCollough and Andersen (2018) 
provided to the group.  
 
The group also analyzed a series of example projects to determine how the sediment 
reductions achieved under the new credit compare to those calculated under the 
prevented sediment protocol.  The comparison is shown in Table 5. As can be seen, the 
proposed Protocol 5 credit earns about an order of magnitude higher sediment 
reduction compared to Protocol 1, although most OGSP are installed on shorter project 
reaches. 
 
Figure 4. Comparison of upland and stream channel sediment loading rates* 
(ton/acre) compared to average protocol 5 sediment reductions 

 
 
*Average loading rates are for MS4 land uses in the Phase 6 Chesapeake Bay Watershed Model 

** Average reduction at edge of stream, based on 81 Maryland sites, with 50% reduction efficiency. 

*** Average Chesapeake Floodplain Network sediment flux (62.69 lb/ft/yr) where 1 mile = 1 acre 

 

 

 

 

 

 

 

 

 

0.94

0.38

15.61

165.5

-700

-800 -700 -600 -500 -400 -300 -200 -100 0 100 200 300

Roads

Turf

Construction

Stream Bed Erosion ***

Protocol 5 Reduction**



Table 5. Comparison of Sediment Reduction Potential for the Three Protocols 

Sediment 

Reduction 

Protocol 

Typical Reach 

Length  
Default Min Mean Max 

ft lbs of sediment per linear ft restored 1 

Protocol 1 2 1000 to 4000 248 3 375 3,750 

Protocol 4 3 100 to 300 NA 5 7 8 

Protocol 5 4 50 to 500 NA 40 1,060 17,300 

Notes:  

1 Estimate is at edge of stream with no efficiency factor applied. 

2 Using Hickey Run Curve where bulk density=75lb/ft3 over a 2500 ft reach. Min 

uses Low/Low (NBS/BEHI) with 2ft average bank heights. Mean uses High/High 

with 5ft average bank heights. Max uses Extreme/Extreme with 10ft average bank 

heights.   

3 Using RR adjustor curve. Min treats 0.5 in, Mean treats 1 in, and Max treats 2 in. 

All scenarios calculated as 200ft project treating 1 acre of “average” MS4 Roads land 

use. 

4 Estimates based on 81 sites in Maryland analyzed by MD SHA.  

 
 

 
 
 
 


