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Background  
The Tres Lagunas Fire started on May 30th 2013, and burned 10,140 acres by the time it was contained 
several weeks later. The worst post-fire damage from this fire was in Holy Ghost Canyon, where late July 
2013 monsoon flooding caused damage to both summer home cabins and paved US Forest Service road 
up the canyon. The sediment from the erosion in Holy Ghost was found 10 miles downstream in the town of 
Pecos, and led to a large fish kill in the Pecos River. The USFS allotted about 1 million dollars for the entire Tres 
Lagunas fire rehabilitation effort. A large amount of that work was done in Holy Ghost Canyon to remove 
the debris jams left behind by the post-fire flood events and repair damage to the paved road. No 
funding, however has been spent so far on channel restoration on tributaries or Holy Ghost Creek. 

Extreme wildfires can eliminate the vegetative cover on the landscape and cause enormous flood 
events from moderate amounts of rainfall. Post-fire flooding can increase the amount of sediment 
produced by watersheds up to 1,500 times the pre-fire amounts. Water yield from post fire flash flood 
events can be up to 800 times the pre-fire base flow amounts (Bladon et al, 2008). The impact of this 
excessive water and sediment causes large changes to the form of the channel and floodplain. The channel 
can be expected to both widen and deepen to carry the additional discharge. Where bedrock controls 
exist, the channel widens. Where the streambanks are resistant to erosion, the stream bed down cuts 
(Veenhuis, 2002). 

Project Purpose 

The principal objectives of this project are to restore the form and function of Holy Ghost Creek to pre-
fire stable dimensions and to limit additional erosion from the steep tributary channels. Restoration 
will limit the amount of sediment entering Holy Ghost Creek and the Pecos River downstream. Upon 
completion of the project Holy Ghost Creek is expected to have a stable channel and floodplain as well 
as improved habitat for fish and other aquatic species. 

Excessive sediment transported from the deep tributary channels created by post-fire flooding has been 
deposited in the floodplain of Holy Ghost Creek at the alluvial fans created by each tributary. Flow from 
these deep cut tributary channels during flooding events following heavy rains has concentrated the 
force of the post-fire flood effects on the channel bed of Holy Ghost Creek, causing downcutting and 
incision. The first objective of this project is to improve stream channel geometry and improve 
floodplain access at two locations along the creek. By implementing a restoration design for the creek 
that will improve stream channel geometry, a measurable improvement in channel width-to-depth and 
entrenchment ratios will be achieved.  In addition, this narrowed and deepened channel will have the 
“competence” to move fine gravels from the post fire flood downstream. 

The second objective is to restore the original floodplain shape and riparian ecology. Where Holy Ghost 
Creek naturally had a flatter slope and wider floodplain, the post-fire flood events deposited excessive 
sediment on the floodplain. While this is not considered “downcutting” it has the same effect of 
“entrenching” the stream. In future flood events the stream will be cut off from the floodplain and the 
excessive stream power will cause erosion and downcutting. Removal of this excess sediment on the 
floodplain and planting riparian vegetation will result in a measurable improvement in the 
entrenchment ratio and floodplain riparian vegetation. 

The third objective of this project will be to stabilize four of the steep eroding tributaries created by 
flooding and prevent further deposition of sediment into Holy Ghost Creek. A preliminary site 



 
 

  RESTORE     •     REGENERATE     •     REVITALIZE 

 

 
 

-3- 

assessment resulted in the identification of many opportunities to re-connect these channels with relict 
floodplains, capture sediment behind rock arch dams, and use log and rock structures to re-fill these 
channels with sediment. Restoration of steep channels using hand-built structures of rocks and logs is 
a proven technique that has been used at Taos Pueblo, Santa Clara Pueblo, and the Valles Caldera 
National Preserve. This work will capture sediment from the eroding slopes of these tributaries and re-
fill these channels to their original slope and bed elevation over time. 

The fourth object is restoration of three tributary alluvial fans. The gullied channels through these 
alluvial fans will be repaired and the fans re-shaped to spread and capture sediment from the eroding 
slopes above. Each alluvial fan will have a sediment basin at the apex (top) of the fan that will act to 
capture a large and measurable amount of sediment from the channel above. 

  

 

Vicinity Map 
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Project Area 

 

Restoration Design -- Channel Restoration of Holy Ghost Creek 

There are four tributaries that flow into the project area of Holy Ghost Creek (see Project Area Map 

above). On the main stem of Holy Ghost, the confluence area at Tributary 1 was worked on by a USFS 

contractor, Sedona Construction, during the repair to a bridge over Holy Ghost Creek, and there is little 

opportunity for restoration at this site. Restoration project area will focus on the confluence of 

Tributaries 2 and 3 (Holy Ghost Creek Reach #2 and #3). These two areas both suffered from impacts 

from the post-fire flood events. Restoration treatments will be implemented with machines using natural 

materials.  Holy Ghost Creek at Tributary 4 is mostly on bedrock, preventing many impacts from flooding 

and sediment inputs to the Creek, this portion of Holy Ghost Creek is stable. Hand built structures will 

be constructed in each of the tributaries (1-4) using materials available onsite.  
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Map of Holy Ghost Creek Stream Restoration Sites in Tributaries 2 and 3 
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Reference Reach 

 A reference reach was surveyed upstream from the impacts of the Tres Lagunas Fire, about 1,000 feet 

upstream from Tributary 1.  This location was one of the few sites in the valley that was on public land 

and not impacted by the effects of historic “log fishing structures” that widen and flatten the Creek in 

many areas.   

 

Holy Ghost Creek Reference Parameters 

Parameter Holy Ghost Creek Parameter Holy Ghost Creek 

Watershed Area 15 square miles Width/Depth ratio 16:1 

Bankfull Width 17 feet Entrenchment Ratio 1.9 

Bankfull cross 
sectional area 

18.6 square feet Slope 2.9 % 

Mean depth 1.1 feet Q 137 cfs 

Flood prone width 32 feet Rosgen Channel type B3 

Mannings n 0.036   
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Reach 2 Survey and Design 

Reach 2 is a portion of the Holy Ghost Creek below Tributary 2 and across from Cabin 13, the Anderson 

Cabin. Tributary 2 deposited a huge amount of sediment downstream, raising the channel grade at the 

confluence, and creating a step-pool of logs and boulders.  Further flooding then deposited material 

upstream near the Anderson Cabin outbuilding, creating a long, shallow pool.   

The first restoration objective at this site will be to narrow the over-wide channel near the Anderson 

Cabin with a baffle and log vane (2-1 Baffle, 2-2 Log Vane).  This will create a deeper channel with more 

sediment transport competence to move the fines that have been captured in this area.  The pool will 

also become deeper and the “south edge” of the pool will fill in with sediment and become a Bankfull 

bench.  The filling of the south edge of the pool has already begun between the survey in summer 2017 

and a site visit in March 2018.  In addition, a large cobble bar deposited on the south floodplain of the 

creek will be removed and used in the construction of a sediment basin in the alluvial fan of Tributary 2 

nearby (100 feet away).  This will open the floodplain to flood events and reduce the scour of the channel 

bed in large events.  This excavated floodplain will be planted with willow cuttings from on-site. 

The second restoration objective will be to stabilize the step-pool portion of the project reach with a 

series of J-Hook Vanes, Log Vanes, Rock Vanes and a Zuni Bowl.  These vane structures will be 

constructed using mostly native log material from on-site, and will be constructed to stabilize and 

enhance the existing channel step-pool form and create fish habitat and floodplain by narrowing the 

channel and deepening the pool features.  The design will attempt to change the existing form of the 

channel as little as possible while meeting these objectives. 

Without treatment, the step-pool portion of Reach 2 has a high likelihood of eroding in the next large 

flood event.  Much of the channel erosion and deposition was due to a large, 12 inch rain event 

overnight, the same event that caused so much damage in September 2013 along the Front Range of 

Colorado.  A similar event without stabilization would most likely cut through this deposited sediment 

and flush it downstream.  The downstream reach of Holy Ghost Creek is already impaired with excessive 

fine sediment, and the addition of more sediment could cause the deposition of bars in the channel and 

lead to bank erosion and channel widening. 
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Reach 2 Structure List, Fill Amounts & Surface Area 

Structure 
Number 

Station Dimensions Fill Surface Area  
total ft2 

Temporary 
Disturbance 
20% buffer 

2-1 Baffle 34 20 x 10 x 2 
(triangle) 

7 yards rock fill 200 240 

2-2 Log Vane 129 20 x 3 x 1 2 yards log, 4 yards 
rock fill 

60 72 

2-3 J-Hook 164 15 x 3 x 3, 10 x 
3 x 3 (invert) 

8 yards rock fill 75 90 

2-4 Log Vane 183 20 x 3 x 1 2 yards log, 4 yards 
rock fill 

60 72 

2-5 Log Vane 194 20 x 3 x 1 2 yards log, 4 yards 
rock fill 

60 72 

2-6 Zuni 
Bowl 

214 8 x 8 x 3 7 yards rock 64 76.80 
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2-7 J-Hook 240 15 x 3 x 3, 10 x 
3 x 3 (invert) 

8 yards rock fill 75 90 

2-8 Log Vane 276 20 x 3 x 1 2 yards log, 4 yards 
rock fill 

60 72 

2-9 Rock 
Vane 

297 15 x 3 x 3 4 yards rock fill 45 54 

TOTALS   50 yards rock, 8 
yards log 

699 ft2 839 ft2 

 

 

Delineative Criteria for Reach 2 at Trib 2, CS 1, below Anderson Cabin Bridge 

Parameter HG Reach 2 Parameter HG Reach 2 

Watershed Area 15 square miles Width/Depth ratio 24:1 

Bankfull Width 22 feet Entrenchment Ratio 2:1 

Bankfull cross 
sectional area 

19.8square feet Slope 2.35 % 

Mean depth 0.9 feet Q 118 cfs 

Flood prone width 45 feet Rosgen Channel type B3 

Mannings n .036   

 

Cross Section 2-1 above shows the effects of excessive sedimentation and bank erosion.  The channel 

has widened enough through bank erosion to have deposited a mid-channel bar in the riffle due to 

reduced sediment competence.   The construction of a baffle upstream will push the Thalweg to the right 

and some of this midchannel bar will be removed for fill in the baffle.   
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Cross Section 2-2 above shows the pool at the Anderson Cabins, which has filled with sediment due to a 

reduction in slope and a widening of the channel.  The channel width here is 26 feet, rather than 18 ft as 

shown for the reference cross section.  The addition of a log vane 2-2 will assist in narrowing of the 

channel upstream and increasing the stream competence to move sediment out of the pool, making it 

deeper and better fish habitat.  Log Vane 2 will have its “base” at this cross section and extend upstream 

about 20 feet. 
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Reach 3 Survey and Design 

Reach 3 of Holy Ghost Creek is an area relatively far away from the vacation Cabins, and downstream 

from Reach 2.  This area has been affected by sedimentation from the Tributary 3 alluvial fan, which led 

to incision of the channel due to lack of floodplain access.  The concentration of water in the channel 

caused the bed to drop 1-2 feet in the upstream portion of Reach 3.  Treatments in this upper reach will 

focus on grade control and bank protection, to protect the Holy Ghost USFS road, which is being 

impinged upon by the channel. 

Downstream, the channel drops over a historic “log dam” once used for irrigation water for a hospital at 

Terrero in the early 1900s.  Downstream from this drop, an excess of gravel and fines from Tributary 2 

have flattened and widened the channel and eliminated pool and riffle habitats.  Treatments in this reach 

will be constructed to narrow the channel and improve sediment competence to move these fines 

downstream, creating a deeper channel with more fish habitat. 
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 Reach 3 Criteria 

Parameter HG Reach 3 Parameter HG Reach 3 

Watershed Area 15 square miles Width/Depth ratio 28:1 

Bankfull Width 24.5 feet Entrenchment Ratio 1.1:1 

Bankfull cross 
sectional area 

21.4 square feet Slope 3.95 % 

Mean depth 0.8 feet Q 153 cfs 

Flood prone width 27 feet Rosgen Channel type G3 

Mannings n .038   

 

The delineative cross section for Reach 3 shows that the channel has downcut and lost access to its 

floodplain.  The channel is overwide, at 24.5 feet rather than 18 feet as seen in the reference reach.  In 

addition, the W/D ratio is 1.1, so the floodplain (floodprone) is barely wider than the bankfull channel.  

The structures planned in this reach will provide grade control and narrow the channel to deepen the 

water and improve floodplain access, as deeper water will be able to spill onto the floodplain.  A number 

of structures, 3.4 and 3.5, are rock vanes to protect the road from being undercut by the stream.  The 

large 2013 flood caused extreme erosion on the outside left bank of the stream near the road, creating 

a 5 foot tall sheer bank of soil. 
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Reach 3 Structures, Fill Amounts and Surface Area 

Structure 
Number 

Station Dimensions Fill Surface Area  
total ft2 

Temporary 
Disturbance 
20% buffer 

3-1 Log 
Vane 

60 30 x 3 x 1 3 yards log, 4 
yards rock fill 

90 108 

3-2 Rock 
Vane 

94 15 x 3 x 3 4 yards rock fill 45 54 

3-3 Log 
Vane 

131 20 x 3 x 1 2 yards log, 4 
yards rock fill 

60 72 

3-4 Rock 
Vane 

149 15 x 3 x 3 4 yards rock fill 45 54 

3-5 Rock 
Vane 

174 15 x 3 x 3 4 yards rock fill 45 54 

3-6 J Hook 314 15 x 3 x 3, 10 x 3 x 
3 (invert) 

8 yards rock fill 75 90 

3-7 Log 
Vane 

346 20 x 3 x 1 2 yards log, 4 
yards rock fill 

60 72 

3-8 Log 
Vane 

368 20 x 3 x 1 2 yards log, 4 
yards rock fill 

60 72 

3-9 Log 
Vane 

393 20 x 3 x 1 2 yards log, 4 
yards rock fill 

60 72 
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3-10 Log 
Vane 

410 20 x 3 x 1 2 yards log, 4 
yards rock fill 

60 72 

3-11 J 
Hook 

455 20 x 3 x 1, 10 x 3 x 
3 (invert) 

2 yards log fill, 4 
yards rock fill 

90 108 

3-12 Log 
Vane 

464 20 x 3 x 1 2 yards log, 4 
yards rock fill 

60 72 

3-13 J 
Hook 

492 15 x 3 x 3, 10 x 3 x 
3 (invert) 

8 yards rock fill 75 90 

TOTALS   17 yards log, 60 
yards rock 

825 ft2 990 ft2 

 

Tributary Restoration of Tribs 1-4 

Restoration in each of the four steep eroding tributaries will focus on opportunities to re-connect 

channels with relict floodplains, capture sediment behind rock arch dams, and use log and rock 

structures to re-fill these channels with sediment. Treatments will capture sediment from the eroding 

tributaries slopes and re-fill these channels to their original slope and bed elevation over time. 

Additionally three tributary alluvial fans will be restored by creating a sediment basin at the apex (top) 

of the fan that will act to capture a large and measurable amount of sediment from the channel above.  

Tributaries erosion and downcutting – photo on right is an eroded alluvial fan 
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Tributary Structures  - Hand Constructed 

Trib Structure Type Number of 
Structures 

Surface Area  
total ft2 

Temporary Disturbance 
20% buffer, hand built 

Trib 1 Rock Arch Dam 2 200 240 

 One Rock Dam 1 100 120 

Trib 2 Rock Rundown 2 400 480 

 Rock Arch Dam 2 200 240 

 One Rock Dam 2 200 240 

Trib 3 Rock Rundown 2 400 480 

 Rock Arch Dam 4 400 480 

 One Rock Dam 2 200 240 

 Log Mattress 2 800 960 

Trib 4 Rock Rundown 2 400 480 

 Rock Arch Dam 1 200 240 

 One Rock Dam 1 100 120 
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 Log Mattress 4 800 960 

 Plug and Pond 1 400 480 

TOTALS  28 4,800 ft2 5,760 ft2 

 

Alluvial Fan Restoration, Tributaries 2 and 3 

The alluvial fans of tributaries 2 and 3 will be treated to create sediment basins to capture sediment from 

the channel of the tributary and re-fill the alluvial fan.  Both sediment basins will consist of a grade 

control structure above the basin and a “sill” at the lower end of the basin to spread water across the 

fan.  Both fans will be modified to ensure that flow from the tributary runs to the East, downstream to 

Holy Ghost Creek.  This is the longest flow path on the fan and will allow for the greatest capture and 

stabilization of sediment. 

 

Trib 2 will involve filling the gully through the fan in two locations and letting a Zuni Bowl drop into a 

sediment basin.  The “low flow” channel will flow to the east, shown as “remove” in picture above.  More 

Fill will be placed above a log media luna that will spread and capture large flood events that overwhelm 

the low flow channel.   
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Trib 3 will involve the installation of one Zuni Bowl at the top of the fan, and a series of three log media 

lunas to capture and spread sediment across the fan.  This gully already runs to the East, and the 

installation of log media lunas will capture sediment and spread the water across the fan in high flow.  

Once this fan is treated, little or no water will flow back to the Holy Ghost Creek, cutting off the excess 

supply of fine sediment. 

Trib Structure Type Dimensions Surface Area  
total ft2 

Temporary Disturbance 
20% buffer, hand built 

Trib 2 Fill 40 x 5 x 5 200 240 

 Zuni Bowl 8 x 8 x 5 64 76 

 Log Media Luna 30 x 5 x 5 150 180 

Trib 3 Zuni Bowl 8 x 8 x 5 64 76 

 Log Media Luna 30 x 5 x 5 150 180 

 Log Media Luna 30 x 5 x 5 150 180 

 Log Media Luna 30 x 5 x 5 150 180 
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Restoration Structure Plans 

Rock Baffle  

 

Zuni Bowl – Structure prevents scour and advancement of a headcut.
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J Hook Structure   -  This structure protects from bank erosion and builds a small pool.  Diagram from 

Wildland Hydrology.  

 

 

Rock and Log Vane – Structure is composed out of rock or log material. 

 

Rock rundown steep or just spreading water? 
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Rock arch dam 

 

One rock dam – Structure is a constructed riffle structure, with the rocks placed only one rock high. 

 

Log mattress 

Plug and pond  
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Revegetation 

UPWA will organize a volunteer workshop lead by KRE or Pathfinder, both ecology minded companies, 

to re-vegetate the disturbed areas.  Willows found on-site such as peachleaf and bluestem willow will 

be planted by cuttings at the two alluvial fan sites.  In addition, seeds collected on-site from wetland 

plants such as Carex simulata, Epilobium spp., and others will be planted in appropriate areas. 

Monitoring Plan  

Prior to construction a longitudinal profile and several cross sections were completed using a laser level 

(see graphs above). For the first monitoring report, the longitudinal profile and cross sections will be 

repeated at the same locations providing an as built comparison. This comparison will demonstrate 

structures are performing and providing functional lift. 

Photopoints will be used to provide a visual, qualitative representation of structures performance and 

vegetation over the long term. A total of 30 photopoints will be monumented and taken before and after 

implementation. These photopoints will cover the work being done in Holy Ghost Creek channel as well 

as the hand built structures in the four Tributaries. Pre and post project photopoint comparisons will 

focus on structures constructed to infiltrated and spread water and document invasive tree removal as 

well as establishment of wetland vegetation. UPWA will continue to photo monitor these points for an 

additional 2 years for ACoE reports to provide updates on the integrity of the structures.  
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Rosgen Level II surveying such as longitudinal profiles, cross sections, and pebble counts will be performed 

at each location chosen for implementation in Holy Ghost Creek. Longitudinal profiles and cross sections will 

also be taken for the design of the alluvial fan repair work.  

Functional Lift Assessment 

Objective 1, Reaches 2 and 3 Channel Restoration: Stream channel restored to pre-disturbance grade. Particle 

size of bed material similar to reference reach. Longitudinal profile and cross sectional surveys demonstrate 

structure stability, photo points exhibit no need for repairs.  

Objective 2 Floodplain sediment removal: Cross sectional surveys demonstrate that the floodplain 

entrenchment ratio remains stable. Erosion or deposition is not occurring the channel. Photopoint 

monitoring and GPS walking surveys demonstrate survivorship and vigor of riparian transplants. 

Objective 3 Tributary Restoration: Photopoints show stability of restoration structures and capture of 
sediment. 

Objective 4 Alluvial Fan Restoration, Tribs 2 and 3: Longitudinal profiles confirm stability of alluvial fan 

sediment retention basins and estimate amount of sediment captured in basin.  Photopoints show 

stability of structures and capture of sediment. 

Monitoring Table 

Restoration Sites Expected Outcome Monitoring 
Technique 

Functional Lift  

Restoration of Channel 
of Holy Ghost Creek at 
Tribs 2 and 3 

Restoration to pre-
disturbance grade, 
narrowing of channel, 
stability of structures,  
Improved particle size 
distribution, fewer fines 

Longitudinal 
Profiles 
4 cross sections 
Pebble counts 
phototpoints 

1. Gain in channel grade in 
some locations  
2. structures add pool 
depth and channel 
3.narrowing of channel 
leads to larger particle size 
and removal of fines 
 

Removal of floodplain 
sediment deposition, 
Reaches 2 and 3 

Lowering of floodplain, 
establish vegetation by 
plantings 

4 cross sections 
(same as above) 
photopoints 

Lowering of floodplain to 
improve floodplain access 
Growth of vegetation  

Trib 1-4 Capture of sediment 
behind structures, 
structure stability 

Photopoints, 
walking 
assessment 

Capture of sediment leads 
to less sediment in tributary 
alluvial fans 

Trib alluvial fans Capture of sediment in 
basins, channel moved 
to 
downstream/downslope 
end of alluvial fan (east) 

Longitudinal 
profile, 
photopoints 

Sediment capture, 
lengthened flow distance 
on fans, sediment not 
flowing into Holy Ghost 
Creek 

 


