




























































































Fig.4.6 a) Upstream and b) downstream views of Huckleberry Creek immediately 
upstream of dam terminus (approximate elevation 200m). 
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Fig. 4.7 Estimated downstream hydrograph of Huckleberry Creek in the absence of 
debris-dam failure for January 8-12, 1990; gauge location shown in Figure 4.4. 
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the organic dam. These conifers prevented the mass movement of the types of organic 

debris dams that were observed on Huckleberry and Ware Creeks and inferred on Carter 

Creek. This dam-break flood occurred after 420 mm of precipitation within the 

preceding 20 days (Figure 4.1 0). The relationships between flood height and estimated 

volume of impounded water at five downstream locations are shown in Figure 4.11. 

4.3.1 Location and Catchment Landscape Features 

Twin Creek is a fourth-order channel at its confluence with the Hoh River, near 

the west entrance of Olympic National Park, Washington. The creek flows slightly east 

of south and drains an area of 5.6 km2. The total relief of the basin is 800 m. The 

catchment contains of old growth forest; no forest management of any kind has taken 

place. 

The debris-flow dam was partially intact when inspected in July 1991. 

Immediately below this dam there was a marked absence of organic debris in the stream 
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Fig.4.8 (a) Flood height and (b) estimated volume of impounded water as a function 
of distance from the initiation site along Huckleberry Creek. 

39 

valley. A 20-m-wide swath of broad leaf riparian vegetation. had been removed from the 

confluence with the main stem downstream for 300 m. Downstream of this section the 

valley contained mature conifers with dam remnants deposited on their upstream sides. 

Fine organic material and sediment, evident along the valley walls, indicated the height 

of the flood as it propagated downstream. 
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Fig. 4.10 Forks (Station No. 2914) daily precipitation depth for November, 1990. 
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Fig.4.11 (a) Flood height and (b) estimated volume of impounded water as a function 
of distance from the initiation site along Twin Creek. 
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4.4 Ware Creek 

Ware Creek, which is located clo'se to Huckleberry Creek (Figure 1.3), 

experienced a flood of woody debris-laden water on January 9, 1990, the same day that 

the dam-break flood occurred on Huckleberry Creek. A plan view of the Ware Creek 

catchment showing the woody debris initiation location, debris deposit terminus, rain 

gauge and stream gauge locations, and location of Figure 4.13 is given in Figure 4.12. 

Mobilization of logging slash and debris within the stream channel occurred without 

any apparent introduction of material displaced from mass wasting into the streani 

valley. The moving mass of organic debris traveled 1.5 km downstream where it was 

stopped by a service road crossing. Photographs of the remnants of a stalled dam and 

organic debris deposited along the base of the valley walls which define the channel are 

shown in Figure 4.13. This dam-break flood occurred after 200 mm of precipitation in 

the preceding 24 hours. The hyetograph is shown in Figure 4.14, and the estimated 

hydrograph in the absence of a debris flood is shown in Figure 4.15. The data for 

Figure 4.14 were provided by Weyerhauser Corporation (J. Heffuer, personal 

communication, 1993). The estimated hydro graph is based on a regression of Ware 

Creek flow rate against recorded flow rate in neighboring Hard Creek (1. Heffuer, 

personal communication, 1993). We do not know the time movement began but have 

included Figures 4.14 and 4.15 for use by others should the initiation time become 

known. The relationships between flood height and estimated volume of impounded 

water (and debris) at six downstream locations are shown in Figure 4.16. 
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Fig. 4.12 Topographic map of Ware Creek basin (scale 1 :24,000, contour interval 40 
ft). 
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Fig.4.13 Photographs of debris renmants, Ware Creek: (a) organic dam renmants 
snagged on a boulder, location I, Figure 4.12a, and (b) deposition of organic debris 
along the creek, location 2, Figure 4.12b. 
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Fig. 4.14 Daily precipitation depth at Ware Creek gauge (location shown in Figure 
4.12). 
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Fig. 4.15 Estimated hydrograph of Ware Creek in the absence of debris darn failure, 
January 8-12, 1990; gauge location shown in Figure 4.12. 

4.4.1 Location and Catchment Landscape Features 

45 

Ware Creek is a third-order tributary at its confluence with the Deschutes River, 

near Yelm, Washing1on. The creek flows northwest and drains an area of2.8 km on the 

west slope of Cougar Mountain (1150 m). The total relief of the basin is 700 rn. Most 
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of the basin was clearcut and replanted in the last decade. No riparian buffer zones exist 

along the stream. 

The location of initiation of movement of organic debris looked very similar to. 

the situation at Carter Creek. It consists of the demarcation between the upstream 

channel which was covered with a I-m layer of organic debris (obscuring the 

streamflow from view), and the downstream channel which was devoid of virtually all 

organic debris. There was no evidence of material from mass wasting having entered 

the stream channel. A large mass of organic debris came to rest at approximately 

elevation 1450 m. Like the mass of organic debris found at Huckleberry Creek, most 
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Fig. 4.16 (a) Flood height and (b) estimated volume of impounded water as a function 
of distance from the initiation site along Ware Creek. 
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logs were oriented cross-channel, except the logs around the perimeter which were 

oriented approximately longitudinally. 

Field data collected at these four sites, where flood heights were estimated from 

debris at locations where water had been impounded temporarily as the debris migrated 

downstream, are used in the next chapter to estimate forces exerted by the organic dams. 



48 

CHAPTER 5. ANALYSIS OF DAM VELOCITY, FORCES, AND INTERACTION 
WITH THE RIPARIAN ZONE 

5.1 Introduction 

In chapters 3 and 4, we discussed initiation mechanisms and stream valley 

environments in which dam-break floods o.ccurred. Here we analyze movement 

characteristics of organic debris dams, particularly estimates of velocities and forces. The 

forces of these debris darns are of interest because trees in excess of 30 cm DBH that were in 

the path of the debris dams were uprooted and sheared off. Consequently, large swaths of 

riparian zones were destroyed. We think, but do not have direct observations, that the 

motion of the debris dams is unsteady. The evidence supporting the hypothesis of unsteady 

movement is remnants of dams along each stream investigated. Information needed to 

estimate the debris-water velocity is scarce. The opportunity existed at only one location at 

one of the four detailed study sites (Carter Creek) to estimate the velocity of the organic 

debris dam movement. 

5.2 Velocity of Organic Debris Dam 

An estimate of the one-dimensional average velocity, v, around a bend of the frontal 

portion of the debris dam is made from the difference in elevation of debris piles deposited 

along the inside and outside of the bend. Equation 5.1 yields v: 

where 

v = ((I'. h)/w)rg)1I2 

t.h = the difference in elevation between the debris deposited at inner and 
outer bend edges 

w the width between bank debris deposits 

r = the radius of curvature of the bend 

g the acceleration due to gravity 

(5.1) 
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Of the four sites, only one bend was found from which all measurements could be 

made with some confidence. The radius of curvature at this bend, located on Carter Creek 

(Figure 4.1), was estimated from a tape-and-compass map ofthe bend (Figure 5.1). Radius 

of curvature was then estimated by fitting an arc to the plan view map. The width of debris 

movement and elevation difference between the inside and outside radii of the bend were 

measured also. 

This calculation yields an average velocity of 3.8 meters/sec for MI = 0.5 meters, w 

= 7.4 meters, and r = 22.2 meters. There are uncertainties in determining the radius of 

curvature, r, width, w, and difference in superelevation, MI. If we consider some 

approximate joint uncertainty in these measured quantities and assume these measurements 

are uncorrelated, we can estimate, to first order, the joint variability in the estimate and 

express it as the standard deviation of v, Sv, given in Eq. 5.2. 

Sv = [812S~h2 + 822Sr2 + 832Sw2] 112 

where 81 = (}v/a( ~h) = 112 (~h)-1/2 (rg/w)1I2 

82 = (}v/Br = 1/2 r-1I2 (Ml/w)1/2 

83 = (}v/Bw = -112 w-312 (~hrg)1/2 

(5.2) 

If we assume a uniform probability distribution about the mean estimated values of 

±IO% for each of MI, r, and w, we can approximate ~h as a uniform distribution (lower 

bound 0.45 meters and upper bound 0.55 meters) having mean MI = 0.5 meters and standard 

deviation, Sllh = [0.55-0.45]/(12)0.5 = 0.03 meters, r as a uniform distribution having mean = 

22.2 meters, S, = 1.28 meters, and w as a uniform distribution having mean = 7.4 meters, 

and Sw = 0.43 meters. Use of these values in Eq. 5.2 yield Sv = 0.19 meters/sec. Repeating 

for 20% uncertainty in w, MI, and r yields Sv = 0.39 meters/sec. The contributions of each 

of the three terms in Eq. 5.2 to Sv are approximately equal. The probability distribution ofv 



50 

is approximately normal. These expressions of joint uncertainty suggest that for Carter 

Creek, where the measurements were taken, the velocity was about 3.8 meters/sec with a 

standard deviation of about 0.2 to 0.4 meters/sec. 

36m 

42 m 

Fig. 5.1 Plan view of bend on Carter Creek and recorded true compass bearings (location 
shown in Fig. 4.1) 

This estimated velocity, v, on Carter Creek is likely to be an upper limit of velocity 

in this location because as the organic dam moves around a bend some of the floating wood 

on the frontal portion of the dam may be pushed onto the outer stream bank by the floating 

wood upstream of it. If this happens, the height of the wood stacked on the outer bend of the 

channel is higher than the height of the superelevated moving water. The post-flood field 

evidence would cause overestimation of the superelevation, and consequently 

overestimation of average velocity. 

5.3 Forces Exerted by Debris on Channel Bed and Riparian Zone 

The forces of moving organic dams are significant. As the debris dams moved, they 

uprooted and sheared off riparian vegetation, and greatly altered the stream valley'S 
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vegetative and sediment characteristics. Huckleberry Creek, for example, had a swath 32 

meters wide cleared completely of vegetation along the previously shaded stream channel at 

the location of the stream gage (Figure 4.12). 

The organic dam is assumed to be deforming constantly as it propagates downstream 

and encounters standing riparian vegetation. In most situations, momentum of the organic 

dam would be transferred to obstructions within the stream valley incrementally, as the mass 

of organic debris that impounds the water deforms. Impoundment of water behind the 

organic debris was inferred from field investigations because flood heights measured along 

the stream valley were eXtraordinarily high; these flood heights alone eliminate the 

possibility that the organic debris was floated downstream and became snagged on the 

riparian vegetation. Also, the organic dam is assumed to propagate in an unsteady manner, 

stopping and increasing in height when a valley obstruction has been encountered. The 

increased dam height prevails until either the dam deforms, releasing the impounded' water 

and wood, or the valley obstruction that supports the dam fails. In the latter case, the valley 

obstructions consist of riparian vegetation. Riparian vegetation that had been uprooted was 

observed downchannel of locations where the dam had stalled. 

The fundamentals of engineered dam theory are applicable to organic debris-dam 

analysis. Arch dams transfer hydrostatic forces to the canyon walls in which the dam is 

built. Because arch dams are made usually of concrete, or a composite, the arch shape, as 

seen in plan view in Figure 5.2, is necessary to withstand the hydrostatic forces of the 

impounded water. The net hydrostatic force F is resisted by abutments with F = 2Rx; Rx is 

the component of R in the x direction, and R is the resultant force at each abutment that is 

transmitted to the arch structure shown. The organic dams of interest here are assumed to 

exhibit some characteristics of arch dams. Because organic dams are composed mainly of 

buoyant organic material elements with specific gravities of around 0.4, the individual 
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Fig. 5.2 Plan view of arch dam showing applied hydrostatic force F and the resulting force 
R from each abutment transmitted to the arch structure. 

elements are incapable of withstanding hydrostatic and uplift forces, so they are subject to 

movement. However, in the presence of valley obstructions, such as bedrock controls and 

riparian vegetation, these dams become snagged (stationary) and transfer their load to valley 

obstructions, in a similar manner that the arch dam transfers its load to the canyon walls. 

Organic dams are highly deformable, and composed of intertwined rigid members. 

Therefore, in plan view, the dam shape is controlled by valley obstructions. A schematic 

diagram of likely arrangements is shown in Figure 5.3. Structural controls of the stream 

valley such as canyon constrictions and outcrops are assumed capable of withstanding 

organic dam forces. Riparian vegetation, consisting of small diameter conifers and broad 

leaf species in the four catchments described in Chapter 4, was observed to be unable to 

withstand the dam forces. 
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Fig. 5.3 Schematics ofthe plan, front elevation, and side sectional view of an organic 
debris dam. 
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We use hydrostatic analysis for the organic dams because hydrostatic forces create 

the maximum force that can be imparted to obstructions (trees) within the stream valley. 

Impact forces of the constantly deforming organic dam colliding with valley obstructions are 

likely to be less than hydrostatically produced forces. Hydrostatic forces of organic dams 

that would be transmitted to resisting media were estimated at various locations along each 

of the four streams described in Chapter 4. These estimates are given in Tables 5.1 - 5.4. 

For simplicity, the valley was assumed to be a rectangular cross-section at each of the dam 

locations. The total hydrostatic force on the dam , F is: 

F = O.5y hu
2w (5.3) 

where y = specific weight of water, hu = water depth at the upper face of the dam, and 

w = width of water impounded by the dam. The location of the line of action of the 

hydrostatic force is at 2/3 the depth below the water surface. 

In Tables 5.1 to 5.4, the locations of each temporary impoundment, i.e., where 

ponding occurred as the debris migrated downstream, and the elevation of that location are 

given. Also given are the estimated water depth and width of channel corresponding to the 

high water (debris mark) elevation. The resulting force elevation above the channel bed, Zp, 

is given. From Eq. 5.3 the hydrostatic force is estimated and the moment, F·Zp, determined. 

We chose to analyze each dam as a beam when it was stationary and supported by 

valley obstructions. There is great variation in length of logs found within the dam;· 

however, the dams are many logs thick (measured both in the direction of movement and 

measured vertically), so the effect of variation in log length would be dampened and rigid 

beam analysis would be appropriate. Therefore, since a force is estimated, and the height at 

which it acts is known, a resulting moment is calculated. 

5.4 Breaking Resistance of Riparian Vegetation to Uprooting 

Swaths of riparian vegetation were removed during the downstream passage of the 

organic dams along much of the travel paths. In other areas, clumps of trees within the path 
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Table 5.1 Estimated hydrostatic forces and moments at nine locations on Carter Creek. 

Estimated 

Downstream Channel Water Width Pond Zp Hydrostatic Moment 

Distance Elevation Depth w Volume (from base) Force, F F; 

(m) (m) (m) (m) (m3) (m) (kN) (kNm) 

oa 1125 4 8 63 1.33 627 837 

183 1067 1.7 6 30 0.57 85 48 

305 1021 5.5 8 67 1.83 1186 2175 

686 908 1.5 10 584 0.50 110 55 

716 904 1.4 11 890 0.47 106 49 

1097 838 7.5 22 1222 2.50 6066 15164 

1743 724 10 32 . 2476 3.33 15685 52283 

2017 674 6 27 2515 2.00 4764 9529 

2163b 636 6.5 27 2168 2.17 5591 12115 

a Initiation site 
b Deposition site (maximum downstream location) 

Table 5.2 Estimated hydrostatic forces and moments at six locations on Huckleberry Creek. 

Estimated 

Downstream Channel Water Width Pond Zp Hydrostatic Moment 

Distance Elevation Depth w Volume (from base) Force, F F Zp 

(m) (m) (m) (m) (m3) (m) (kN) (kNm) 

oa 357 2.2 14 524 0.73 332 244 

366 341 2.3 23 . 995 0.77 596 457 

793 323 1.85 16 281 0.62 268 166 

854 317 2.7 20 1192 0.90 715 643 

1220 302 1.4 20.5 327 0.47 197 92 

3635b 195 5.5 32 20900 1.83 4745 8699 

a Initiation site 
b Deposition site (maximum downstream location) 
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Table 5.3 Estimated hydrostatic forces and moments at five locations on Twin Creek. 

Estimate 

Downstream Channel Water Widt dPond Zp Hydrostatic Moment 

Distance Elevation Depth h Volume (from base) Force, F FZp 

w 

(m) (m) (m) (m) (m3) (m) (kN) (kNm) 

oa 627 5.4 8 347 1.80 1143 2058 

488 516 3.2 9 287 1.07 452 482 

1708 366 6 24 1738 2.00 4235 8470 

2043 329 3.9 25 9522 1.30 1864 2423 

2988b 237 6 22 6193 2.00 3882 7764 

a Initiation site 
b Deposition site (maximum downstream location) 

Table 5.4 Estimated hydrostatic forces and moments at six locations on Ware Creek. 

Estimate 

Downstream Channel Water Widt dPond Zp Hydrostatic Moment 

Distance Elevation Depth hw Volume (from base) Force, F F Zp 

(m) (m) (m) (m) (m3) (m) (kN) (kNm) 

oa 734 1.7 3.5 38 0.57 50 28 

104 713 2.7 6 124 0.90 214 193 

256 671 4.6 7.5 338 1.53 778 1193 

500 639 4.8 5 270 1.60 565 903 

774 588 3.7 7 506 1.23 470 579 

1140b 534 3.6 21 6899 1.20 1334 1601 

a Initiation site 
b Deposition site (maximum downstream location) 
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of the moving organic mass withstood the movement. Coniferous trees within the riparian 

zone withstood dam movement at the same location where broadleaf species of comparable 

diameter were uprooted or sheared off. Since some riparian vegetation withstood the 

organic debris movement 'and some did not, the following question arises: What sort of 

riparian zone is needed to withstand or stop such movement? 

Data on breaking strengths of trees is scarce. Data from milled pieces of "clear" 

wood, that which is nearly isotropic and free of knots, is not applicable. Whole trees with 

knots, and widened trunks near the ground surface behave differently when loaded than 

milled wood. Pyles (1987) experimented with static loads applied to the stumps of freshly 

cut coniferous trees. A schematic of his loading apparatus is shown in Figure 5.4. He fit to 

his data the relationship shown in Figure 5.5. The largest conifer he loaded was 16.5" (0.42 

. meters) DBH which could support an ultimate supplied load of 62,000 lbs. All of Pyles' 

loads were applied 1 ft from the average ground surface surrounding the tree stump. From 

his measurements, we produced the metric relationship, shown in Fig 5.6, for the ultimate 

overturning moment that could be resisted by a tree stump of a given diameter. Vertically 

standing trees will resist lesser moments than those shown in Fig 5.6 because as loads are 

applied, the tree will start to rotate slightly from the vertical and an added overturning 

moment is created by the tree's (now eccentric) weight. 

5.4.1 Relationship Between Ultiinate Moment and Riparian Zone 

We transformed the graph of ultimate moment versus tree diameter to show how 

many trees of a given smaller diameter would be needed to resist the ultimate moment of the 

0.45 meters diameter tree, the largest diameter used in Figure 5.6. This relationship is given 

in Figure 5.7, which shows that ten O.l5-meter DBH, or 250.10- meter DBH trees would 

resist the same ultimate load or ultimate moment. These data and the moments estimated in 

Tables 5.1 - 5.4 suggest that a few large diameter trees located in riparian zones should be 

able to withstand moments that would be applied by temporarily stalled organic debris as a 
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Fig.5.4 Schematic diagram of Pyles' experiment in which ultimate static loads on tree 
stumps were measured (load applied I ft. above ground surface). 
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Fig. 5.5 Relationship between ultimate load and tree diameter breast height (DBH). 
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dam forms. The lower limit on the number of trees, and consequently, the maximum tree 

spacing depends on the length of wood pieces within the moving organic dam. 

Frequency distributions of wood length sampled from the debris terminus on 

Huckleberry Creek and above the initiation site on Carter Creek are shown in Figure 5.8. 

The distribution from Huckleberry Creek is right skewed with a mean length of 6 meters. 

There is a notable increase in the wood sizes when compared to those from the initiation 

point on Carter Creek where the mean length is approximately 3 meters. The distributiop of 

wood lengths from Huckleberry Creek included wood from riparian vegetation that had been 

uprooted and entrained during passage of the organic dam. The distribution from Carter 

Creek consisted mainly of logging slash and debris. 

The calculated hydrostatic moments exerted by the dams on the four streams ranged 

from 28 kNm at the initiation of debris movement on Ware Creek to 52,283 kNm on Carter 

Creek. Figure 5.9 shows the relationship between calculated dam moments of the four sites 

and distance downstream from the initiation point. Within the first 1000 meters of travel, 

the dam moments on all four streams did not exceed 3000 kNm. Even 3000 kNm, according 

to Pyles' data, requires an extraordinarily strong riparian zone to withstand passage. Carter 

and Ware Creeks had been recently clearcut to the stream's edge for the first 1000 meters of 

travel. Huckleberry Creek had large conifers removed from the riparian zone before the 

dam-break floods occurred, and the riparian zone consisted almost exclusively of alder. 

Twin Creek is contained within a bedrock canyon for the first few hundred meters of travel. 

In all four cases, resistance to passage of the organic dams was low within the first 1000 

meters of travel. 

We used Pyles' relationship between tree diameter and ultimate breaking strength and 

related it to estimated moments that would be exerted by the organic dams. For instance, for 

an applied moment of 3000 kNm, the maximum moment exerted by organic dams in all four 

streams within the first 1000 meters of travel, a cross-valley row of 30 trees of 0.45 meters 
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Fig. 5.8 Frequency distributions oflengths of wood in organic debris dams at the initiation 
site on Carter Creek, and the dam terminus on Huckleberry Creek. 
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Fig. 5.9 Calculated dam moments as a function of distance downstream from the initiation 
point. 

diameter, or 100 trees of 0.25 meters diameter would be required to withstand such a 

moment. The natural occurrence of both these combinations of stand density and tree 

diameter are unrealistic in small stream valleys that contain low-order channels. 

Reaches of stream valleys that are only several hundred meters long and have been 

cleared of coniferous riparian vegetation set the stage for propagation of dam-break floods. 

The above examples show unlikely riparian zone stand density and tree diameter 

combinations needed to withstand the relatively low dam forces which occur within the first 
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1000 meters of travel. Therefore, to prevent formation and passage of these organic dams 

from dam~break floods, contiguous mature coniferous riparian zones extending through 

reaches in which initiation can be expected (first-order) may be necessary. Figure 5.9 shows 

that dangerously high dam forces and resulting propagation of debris can occur within the 

first several hundred meters of relatively unimpeded travel. 

5.5 Conjecture of Dam Moyement With Respect to Presence of Organic Debris 

The four sites investigated in detail differ with respect to the presence of organic 

debris in the stream valley. Carter and Ware Creeks were covered completely with a 1-

meter thick layer of logging slash and debris in the vicinity of initiation of movement of 

organic debris. Both of these dam-break floods initiated from organic debris dam breakage 

within the channel. The nearly continuolis layer of organic debris encountered by the 

organic dam would have provided significant roughness and impeded movement. This 

roughness slowed the dam movement, and increased the flood height. After passage of the 

organic dam, the channels are free of almost all organic debris. The channel and valley 

roughness are smaller than before the dam-break flooding occurred. Future dam formation 

and propagation is not possible until a sufficient amount of organic debris has once again 

accumulated in the stream valley. Until then, high stream flows will occur with little 

impedance. 



CHAPTER 6. STRATEGY FOR ASSESSING DAM-BREAK FLOOD POTENTIAL 

A simple method is presented for determining which streams are susceptible to dam­

break floods, and if a dam-break flood occurs, how much of the downstream channel system 

will be affected. This method reflects all observations that have been made in the preceding 

chapters, and it is intended to provide guidance for forest management decision-making 

where the objective is to eliminate dam-break flooding or minimize any deleterious effects. 

If a dam-break flood has occurred on the stream, then the stream is susceptible to a recurring 

dam-break flood if sufficient organic material has reaccumulated. 

The method is shown as a flow chart in Figure 6.1 and uses a series of questions to 

determine the potential for dam-break flood damage. Question 1 is concerned with stream 

valley width. For the twenty sites examined, the largest valley width associated with the 

initiation of debris dam movement was 40 meters. The flattest channel slope at which a 

debris dam fanned and moved was 2°. This information is contained in Question 2. Question 

3 asks if hillside mass wasting enters the stream channel. If it does, the potential for dam 

formation and breaching exists. Question 4 concerns the accumulation of logging slash. If 

logging slash has accumulated within steep fust- and second-order stream valleys, the 

. potential for organic dam forination and mobilization exists. Once a dam-break flood has 

been initiated, it will propagate downstream unless either of the following happens: the 

flood wave encounters a predominantly mature coniferous riparian zone with conifers near 

the channel, or the channel slope decreases to approximately 2°. 

We do not provide any guidance for managerial decisions. Our simple non­

quantitative method makes clear which channel reaches and what lengths of channels are 

susceptible to organic dam-break floods. Any stream for which the answers to the questions 
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Fig 6.1 Questions for determining potential for dam-break flood damage III mountain 
streams in the Pacific Northwest. 
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indicate situations R2 and R3 require remedial action. Mitigative measures and logging practices 

to minimize the effects of such floods are well known to forest managers. 

Figure 6.1 is based on what has been learned about debris dam formation and movement 

for twehty streams in the Pacific Northwest. Any methodology needs to be tested for a range of 

situations. The scheme presented here is a guide to potential hazard situations and may be 

refined as more experience is gained until its use. 
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CHAPTER 7 SUMMARY 

All findings in this report are based on detailed field observations at 20 sites in Pacific 

Northwest catchments. We are unaware of any prior systematic observations of dam-break 

floods in low order mountain channels in the region. 

Dam-break floods in low-order mountain channels are caused most often by landslides 

and debris flows, but they also can be caused by stream-flow mobilization of organic debris 

already within the stream channel. Flood flows produced from these dam-breaks may 

incorporate a destructive front of organic debris that removes riparian vegetation and modifies 

the channel shape and bed material within its path. Movement of organic debris may begin in 

first -order channels and deposit in higher-order channels where either the channel gradient 

decreases to approximately 2° or mature coniferous riparian zones are encountered. Of the 20 

sites examined, most of the floods traveled between 2 and 4 km from the initiation point. 

By using the principle of superelevation for debris laden flow as it moves around a bend 

we estimated a velocity of 3.8 meters/s for one location on Carter Creek. We have no other 

direct or indirect measures of debris dam velocity. 

The estimated hydrostatic moments exerted on organic debris dams ranged from 10 to 

490 kN per meter of width measured across channel sections. Pyles' (1987) static load tests to 

determine the resistive force of mature conifers up to 0.45 meters DBH indicate that a substantial 

mature conifer riparian zone is required to resist movement of organic debris and debris dams. 

The most obvious schemes for avoiding the destructive forces of organic debris movement are. 

maintaining contiguous riparian zones of mature conifers around low-order channels and 

minimizing deposition of logging slash and debris into those channels. 
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