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EXECUTIVE SUMMARY 

This report presents the results of nine years of monitoring physical stream processes and conditions in 
Prairie Creek, Humboldt County, California. In October, 1989, an early season rainfall event caused 
erosion from earth moving areas of the Prairie Creek Bypass highway construction project. In November, 
1989, Redwood National Park and U.S. Forest Service, Redwood Sciences Laboratory, were contracted 
by Caltrans to conduct a biological and physical monitoring program. The objective was to evaluate the 
effects and persistence of fine sediment deposited in Prairie Creek and several tributaries from the 
October, 1989, storm. Detailed annual reports on monitoring results were prepared beginning in 1990. 
Findings from the physical monitoring components are summarized as follows: 

1. Hydrologic Conditions: Over the nine years of study, rainfall totals and stream discharge peaks 
varied significantly. Generally, the first five years (1990-94) were unusually dry and the last four 
years (1995-~8) were wetter than normal. It is important to view the results presented here in 
light of the prevailing hydrologic conditions which drive physical processes in streams. 

2. Suspended sediment: Suspended sediment discharge (flux) was the only physical variable we 
measured each year of the study, thus most of the conclusions about the persistence of fine 
sediment from the Bypass are drawn from this information. Suspended sediment flux varied 
primarily as a function of the magnitude of winter stormflows (as indexed by annual maximum 
peak discharge). However, suspended sediment flux was relatively higher in the first year of this 
study. The October, 1989, storm transported 30 times the amount of sediment than storms of a 
similar magnitude that occurred later that year. Subsequent erosion from the Bypass complicated 
the task of tracking only the erosion from the 1989 storm. Nonetheless, as time went on, 
suspended sediment discharge measured at gaging stations settled down to levels which varied 
more with peak flow than with degree of sedimentation from the Bypass, except in Boyes Creek. 
In Boyes Creek, unit suspended sediment flux (tons per square mile) was over ten times higher 
than at Prairie Creek below Brown Creek in 1996. That same year, total suspended sediment 
yield from Boyes Creek comprised 85% of that passing Prairie Creek above May Creek, while 
Boyes Creek comprises only about 13% of the contributing drainage area. This is most likely due 
to historic timber harvest in Boyes Creek, but Bypass erosion, both from the October, 1989, 
storm and later erosion events, may also contribute significantly to the extremely high suspended 
sediment discharges continuing in Boyes Creek. 

3. Surface Fine Sediment: Extensive deposits of silt on affected streambed surfaces were observed 
immediately following the October, 1989, storm. Much of this was re-mobilized and transported 
downstream during subsequent storms that first runoff season (WY90). Undoubtedly, some this 
material infiltrated into the coarse gravel substrate farther downstream in the Prairie Creek 
stream system while the remainder was probably transported out of Prairie Creek by stormflows 
in WY90. 

4. Subsurface Fine Sediment: Fine sediment deposited within streambed comprised the bulk of 
fine sediment still in the stream system in the early years of this study owing to the lack of high 
stormflows required for mobilizing the streambed and "liberating" stored fine sediments. Not 
until the relatively high flows of WY95-98 did significant bed mobilization occur. In particular, 
relatively high suspended sediment fluxes at Prairie Creek below Brown Creek in WY96-97 may 
indicate flushing of subsurface fines from Brown Creek. Discontinuation of gravel substrate 
sampling in Brown Creek after 1995 prevented direct tracking of the fate of subsurface fine 
sediments. 
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I. INTRODUCTION 

Construction of the U.S. Highway 101 Prairie Creek Bypass construction project began in 1984 and was 
completed in 1992. The grading and earthwork phase of the project began in 1985 and was completed in 
1990. The site encompasses about 500 acres and spans the eastern headwaters of Prairie Creek (tributary 
to Redwood Creek) and Ah Pah and McGarvey creeks (tributaries to the Klamath River). 

The Final Environmental Impact Statement (FEIS) of the U.S. 101 Bypass Project predicted short-term 
(four to eight years) and long-term (20 years) sediment yields and resultant short-term fishery losses from 
the Bypass construction site. Sediment losses were predicted by the Universal Soil Loss Equation. Table 
1 reproduces these estimates from an internal document produced by Caltrans District 1 Engineering 
Services. 

Table 1. Predicted sediment loss from construction of the US Highway 101 Prairie Creek Bypass. 

Predicted Sediment Loss (tons) 
Stream Name Short Term Long Term Ultimate 

(additional) 
Prairie Creek 451 1029 1480 
Ten Tapo Creek 497 7 504 
Brown Creek 1138 341 1479 
Big Tree Creek 2638 40 2678 
North Fork Boyes Creek 1470 441 1911 
South Fork Boyes Creek 2152 1077 3229 
May Creek 3170 951 4121 
Total 11,516 3,886 15,402 

Events Leading to This Study 

The construction contract between Caltrans and the contractor, as well as the waste discharge 
requirements issued by the Northcoast Regional Water Quality Control Board (NCRWQCB) limited 
construction activities to the period between May 15 and October 15. Both agencies also required that all 
erosion control facilities be installed by October 15 and maintained throughout the rainy season. 

In September, 1989, Caltrans drafted a change order in the construction contract which extended the 
October 15 cutoff date for construction activities to November 17, 1989. The NCRWQCB, California 
Department of Fish and Game, Department of Parks and Recreation, and Redwood National Park were 
notified of this action. The purpose of the change order was to allow the contractor to complete much of 
the remaining earthmoving work for the project prior to shutting down for the rainy season. As allowed 
by the change order, the contractor continued construction activities past October 15 but failed to 
complete erosion control preparations along a several-mile long segment of the project under 
construction. 

Between October 20 and October 27, 1989, 3.73 inches of rainfall were recorded at Orick, approximately 
seven miles south of the construction project. The resultant runoff caused extensive erosion along the 
right-of-way, with the most severe erosion occurring on steep, unprotected fillslopes draining into Prairie 
Creek. Several hundred cubic yards of soil were eroded from the project site, and much of this fine-



grained material was deposited in Ten Tapo, Brown, Big Tree, Boyes, ~ay creeks, all tributaries to 
Prairie Creek. In response to the discharge permit violation and damage resulting from this event, the 
NCRWQCB issued Cleanup and Abatement Order No. 89-146, directing Caltrans to mitigate the 
resultant impacts. 

To determine appropriate mitigation related to the October, 1989, storm, Caltrans proposed to 
supplement the existing monitoring with studies to determine the extent of impacts and persistence of 
fine sediment deposited in streambeds. Redwood National Park and the U.S. Forest Service, Pacific 
Southwest Forest and Range Experiment Station (referred to herein as "PSW") were funded by Caltrans 
to implement the supplemental. 

Study Objectives 

The objectives of the initial study were to determine: 

1. where and how much sediment was deposited by the October, 1989, storm event, 
2. how deeply this sediment infiltrated into the streambed, 
3. how infiltrated sediment affected conditions for salmonid egg survival to emergence in redds, 
4. how long fine-grained sediment will remain in affected creeks, and 
5. how the fine sediment affects the food base for anadromous salmonids (benthic 
macro invertebrates). 

Note that since 1994, Redwood National Park has only been conducting physical elements of the study. 
Results of biological monitoring by RNP were presented in earlier annual reports to Cal trans, as were 
results from several types of physical monitoring (such as spawning gravel properties). Biological 
monitoring has also been carried out by researchers at HSU and the Pacific Coast Federation of 
Fisherman's Associations (PCFFA), who developed their own reports of results. Consequently, this 
report focuses on results of physical monitoring and, in particular, the measurements of water and 
suspended sediment discharge made over the nine years of the study, which is most useful for addressing 
objective number 4, above. 

As mentioned earlier, much of the sediment deposited by the October, 1989, storm was very fine in 
texture (clays, silts, and some sand). Sediments of this size are typically carried in suspension by high 
streamflows, but the relatively low flows of the October storm caused the material to disperse along 
Prairie Creek and affected tributaries as a slurry which coated streambed surfaces with a distinctive 
yellow-colored layer. Subsequent storrnflows re-mobilized this material and transported much of it in 
suspension. Undoubtedly, the finer fractions of the sediment were transported out of Prairie Creek during 
winter storrnflows of 1989-90 (water year 1990, or "WY90"). The remainder either re-deposited on 
streambed surfaces downstream or infiltrated into the gravel substrate. In either case, textural sorting and 
mixing with pre-existing fine sediments in Prairie Creek quickly made the Bypass-derived sediment 
indistinguishable, at least visually, from other sediment residing in the stream system. Consequently, the 
only means to evaluate the persistence of Bypass-derived sediment was to compare sedimentation 
amounts in affected streams with those of nearby "control" streams. 

It is important to recognize that it was impossible to differentiate between sedimentation from the 
October, 1989, erosion event and other erosion events which are known to have occurred along the 
Bypass during subsequent storms. Further, non-Bypass erosion probably also occurred, especially in 
Boyes Creek where there is clear evidence of recent erosion arising from historic logging operations. 
Without concurrent erosion source area investigations (not a part of this study), inferences about 
persistence of fine sediment eroded from the Prairie Creek Bypass, and its effects, must be considered 



fairly speculative. 

II. STUDY AREA 

Prairie Creek drains about 40 square miles at its confluence with Redwood Creek (Fig. 1). Unlike most 
other streams of similar size in the region, it has fairly extensive alluvial valleys and has a relatively 
gentle gradient for most of its length. Valleys are underlain by modern alluvium through which Prairie 
Creek meanders relatively freely. Hillslopes are predominantly underlain by Gold Bluffs Formation 
unconsolidated to weakly consolidated silts, sands and gravels. However, in the eastern part of the basin 
(that affected by the Bypass), Franciscan Formation rocks underlie hillslopes in varying amounts. 

The area has a Mediterranean-type climate, with temperatures moderated by close proximity to the 
Pacific Ocean. Annual precipitation averages 67 inches, most of which falls between November and 
March. Snow is relatively rare and short-lived. Streamflow is highly seasonal, with most annual peak 
flows occurring from December through February. Prairie Creek itself is perrenial, but many tributaries 
dry up by late summer. Peak flows appear to be heavily influenced by underlying geology, with relatively 
greater storm runoff occurring on the Franciscan portions of the watershed. 

III. METHODS 

Rainfall 

As indicated in Table 1, the LLM gaging station provided rainfall data following its re-establishment in 
WY93. Rainfall was recorded using an electronic tipping bucket gage. Data prior to WY93 were obtained 
from storage a gage maintained at Prairie Creek State Park headquarters by park staff. From 1993 on, 
rainfall data from the Little Lost Man Creek gaging station (LLM) were used. From 1990 to 1995, 
another recording rain gage was operated near the summit of the Bypass. Results from this gage were 
presented in earlier annual reports. For this report, the summit gage was not used because of significant 
differences in rainfall depths between that gage and LLM. 

Stream Gaging Stations 

A total of seven stream gaging stations was operated in the Prairie Creek watershed to study the effects 
of the Bypass erosion. Table 1 shows the dates and types of information collected at the Prairie Creek 
stream gaging stations over the nine years of study. The primary objective of establishing these stream 
gages was to quantify suspended sediment yields from areas unaffected by the Bypass and contrast those 
with yields from affected areas. Figure 1 shows the locations of gaging stations in the Prairie Creek 
watershed. 

Gaging stations were established on Prairie Creek upstream and downstream of Brown Creek (PRU and 
PRL, respectively, Fig. 1) to assess the magnitude of sediment input from Brown Creek. The gage above 
Brown Creek (PRU) served as a control to distinguish natural or "background" suspended sediment yield 
from that derived from the Bypass. In addition, the north fork of Brown Creek was gaged by PSW staff 
from 1990 to 1994 (upper north fork and lower north fork, or "BRU" and "BRL", respectively, Fig. 1). 
RNP continued operation of the Brown Creek gaging stations for several years after that (see Table 1). 
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Table 1. Stream gaging stations in the Prairie Creek basin for assessing the effects of the Highway 101 
B P .. C k 1ypass on rame ree . 

Information Collected 
Station Name (code) Period of Water Suspende 

Record Discharge d Rainfall 
Sediment 

Prairie Creek above Brown Creek (PRU) 1990-1998 X X 
Prairie Creek below Brown Creek (PRL) 1990-1998 X X 
Prairie Creek above May Creek (PRW) 1991-1998 X X 
Upper NF Brown Creek (BRU) 1990-1992 X X 
Lower NF Brown Creek (BRL) 1990-1995 X X 
Boyes Creek (BOY) 1995-1996 X X 
Little Lost Man Creek (LLM) 1993-1998 X X X 

Prior to the second year of the study (WY91), another gage was established on Prairie Creek just above 
May Creek (PRW, Fig. 1) to quantify suspended sediment flux downstream from all affected tributaries 
(except May Creek). Boyes Creek (BOY, Fig. 1) was gaged in WY95-96 after it was recognized to be a 
very large contributor of sediment to Prairie Creek. The gage was discontinued after suffering damage 
during a large stormflow in WY96. 

The Little Lost Man Creek gaging station (LLM, Fig. 1) was re-established in 1993 (it was formerly 
operated by the US Geological Survey from 1975-89). It was used as a second control stream to 
characterize runoff characteristics and sediment yields in Franciscan terrain (the other control stream, 
PRU, drains Gold Bluffs Formation rocks, while the tributaries affected by Bypass erosion contain 
portions of both rock types). Table 2lists basin characteristics for the stream gaging stations used in this 
study. 

Table 2. Characteristics of contributing basin areas upstream from Prairie Creek stream gaging stations 
(Note: approximate percent areas of Gold Bluffs Formation (Qtc) and Franciscan Formation Coherent 
Unit of Lacks Creek (KJfl) were derived from Harden and others, 1982 and by extrapolating their 

. h d ll f p . . c k) mappmg nort war to encompass a 0 ra1ne ree 
Geology 

Drainage Approx. Approx. Relief 
Station Name (code) Area (mi2

) % Qtc % KJfl (feet) 
Prairie Creek above Brown Creek (PRU) 4.06 90 10 1140 
Prairie Creek below Brown Creek (PRL) 6.36 90 10 1620 
Prairie Creek above May Creek (PRW) 12.6 90 10 1720 
Upper NF Brown Creek (BRU) 0.72 75 25 900 
Lower NF Brown Creek (BRL) 1.40 85 15 1140 
Boyes Creek (BOY) 1.70 65 35 1640 
Little Lost Man Creek (LLM) 3.46 5 95 1890 

Streamflow 

At the stream gaging stations, water surface stage, or height above a datum, was recorded nearly 
continuously (on 10-minute intervals) with pressure transducers and data recorders. Shelters were built 
to house automatic recording equipment. Bridges or, in the case ofPRL, a cableway, was used to allow 



measurement of high flows. Water discharge measurements were taken at various flows to develop stage­
discharge relationships (rating curves) for each gage which were then used to estimate discharge from 
recorded stages during data processing. Over the nine-year study period, flood-induced channel changes 
required updating of stage-discharge relations by making occasional discharge measurements over a 
range of stages. 

Flood Frequency Estimates 

To estimate peak flow rates of various recurrence intervals, unit peak flow rates (cfs/square mile) were 
calculated from annual maximum flood frequency curves for the two gages in Prairie Creek that had 
greater than ten years record length. These tributaries were Little Lost Man Creek (LLM; formerly USGS 
Station No. 11482468) and Prairie Creek above May Creek (PRW), draining 3.46 and 12.6 square miles, 
respectively. Runoff characteristics for these two basins were remarkably dissimilar, with far greater unit 
peak flows (cfs/mi2

) observed at LLM than at PRW. This was most likely due to underlying rock type, 
with the Franciscan rocks tending to produce much higher peak flows than the Gold Bluffs. Lacking a 
suitable record length for performing flood frequency analyses, flood magnitudes at various frequencies 
for the other gages were estimated using LLM and PRW frequency relations and making adjustments for 
the relative proportion of underlying geology made up of the two major units. The flood magnitude and 
frequency estimates are given in Table 3. 

Table 3. Flood frequency estimates for various recurrence intervals at gaging sites in Prairie Creek and 
Brown Creek (based on flood frequency relations for PRW and LLM with adjustments for geology as 
indicated in Table 3). 

Peak Discharge (cfs) of Specified 
Station Name (code) Drainage Recurrence Interval (years) 

Area (mi2
) 2 5 10 25 50 100 

Prairie Creek above Brown Creek (PRU) 4.06 226 387 516 580 644 709 
Prairie Creek below Brown Creek (PRL) 6.36 353 606 808 909 1010 1110 
Prairie Creek above May Creek (PRW)* 12.6 700 1200 1600 1800 2000 2200 
Upper NF Brown Creek (BRU) 0.72 46 221 295 332 368 405 
Lower NF Brown Creek (BRL) 1.40 86 148 197 224 251 278 
Boyes Creek (BOY) 1.70 145 249 331 387 443 500 
Little Lost Man Creek (LLM)* 3.46 350 600 800 1100 1200 1400 

* indicates flood frequency estimates derived from gaging records for the site; all others were derived by 
adjusting records from the two gaged sites by drainage area proportion and geologic make-up. 

Suspended Sediment Flux 

Sediment transport (both suspended load and bedload) in north coastal California is highly storm 
dependent. Most sediment is transported at high flows, and relatively little is transported at low and 
moderate flows. For example, in Little Lost Man Creek half the suspended sediment load over a four­
year period (1985-88) was transported during one four-day storm in February, 1986 (a 10-year recurrence 
interval flood for Little Lost Man Creek). 

To quantify suspended sediment discharge, or flux, one must obtain measurements of water discharge 
and water samples for determining suspended sediment concentration. Samples of turbid water 
(containing sediment in suspension) were obtained using automated pumping samplers. Sampling times 
were controlled by programming the data logger to sample above a pre-set stage threshold. Sampling 



frequency was increased at higher stages to better characterize the rapidly varying suspended sediment 
concentrations during large storms. Occasional manual sampling using width- and depth-integrated 
methods and equipment was done to calibrate pumped samples and ensure representative sampling. 
Concentrations of suspended sediment in the samples were determined in the RNP laboratory using 
vacuum filtration techniques. 

Suspended sediment flux is estimated by integrating water discharge rate and suspended sediment 
concentration over time. The primary limitation in developing accurate estimates of suspended sediment 
flux is due to practical limits on the number and timing of water samples which can be obtained during 
storm periods and subsequently analyzed in a laboratory for suspended sediment concentration. For storm 
periods during which only a few or no samples were available, suspended sediment concentrations were 
estimated to fill in the sampling gaps. Typically, early season storms carry more suspended load that 
storms of similar magnitude later in the runoff season and rising limb samples exhibit higher 
concentrations than samples taken at similar flows during the falling limb. Consequently, estimating 
suspended sediment concentrations for periods when samples were lacking was done considering both 
these influential factors. 

Streambed Gravel Particle Sizes and Permeability 

RNSP performed analyses of particle sizes distributions of gravel samples from project inception through 
WY95 in Prairie Creek and several tributaries. Many of the gravel sampling sites also had permeability 
pipes installed in the streambed to track changes in permeability coincident with fines intrusion into 
infiltration bags over the incubation period for salmonids. Gravel samples were obtained by either taking 
core samples to depths of about 30 em with a sampling tube, such as a "McNeil" sampler (McNeil and 
Ahnell, 1964), or simply a section of pipe 10-12 inches in diameter. Core samplers were worked down 
into the streambed as the gravel core was extracted by handfuls and placed in a bucket for sieve analysis 
later. In some cases, a shovel was used instead of a core sampler. A few natural redds were sampled after 
fry emergence, but most samples consisted of unspawned riffles representing ambient conditions in both 
affected and unaffected (control) reaches. 

Most of the samples collected at unspawned riffles were taken to serve as infiltration bag sites, where the 
fmes were removed from the gravel sample and "cleaned" gravel was replaced back in the hole on top of 
an infiltration bag. We tried to mimic the cleansing of redd gravel done by spawning fish, thus these 
samples were referred to as "artificial redds". Infiltration bags were used to characterize fines "intrusion" 
over the egg incubation and fry emergence periods (for steelhead in WY90, and for coho in WY91-95). 
Sediment transport occurring during the sampling period (2-3 months) resulted in infiltration, or 
intrusion, of fine sediment into the cleaned gravel. At the end of the sampling period, infiltration bags 
were pulled up out of the streambed, capturing both the cleaned gravel core and any new fines sediment 
which had intruded since the bag was installed. 

Sieve analyses were performed on gravel samples using a 2x progression of sieve sizes, usually from 0.5 
mm at the fine end to 256 mm at the coarse end. Larger sized particles (coarser than 16 mm, typically) 
were sieved in the field immediately on extraction from the streambed. Finer sizes were taken to the 
RNSP laboratory for dry sieving. Particle size descriptors (percent fines, median diameter, geometric 
mean diameter, etc.) were calculated using custom software ("Gravel"). 

Nearly all infiltration bag sites also had permeability pipes placed in the cleaned gravel core above them. 
Permeability pipes were modeled after those developed by Gangmark and Bakkala (1958). Permeability 
measurement procedures followed those of Terhune (1957), and were measured immediately after pipe 
installation, at the end of the incubation period, and several times in between. The percent decrease in 



permeability was used as a measure of subsurface hydraulic changes due to fines intrusion. 

IV. RESULTS AND DISCUSSIONS 

Rainfall 

Figure 2 shows rainfall data for the study period, both annual totals and the maximum observed daily 
rainfall. Appendix A contains graphs and tables of rainfall data from LLM for WY93-98 (the available 
record). Average annual rainfall for the area is about 67 inches per year, which was significantly 
exceeded in WY93 and WY95-98. All other years were significantly below normal rainfall. 

Rainfall Runoff Relationships 

Maximum daily rainfall (Fig. 2) is a better indicator of storm erosivity than annual total rainfall and is 
better correlated with annual maximum peak discharge. Although annual rainfall in WY93 was similar to 
that in WY95-98, the maximum daily rainfall was relatively low (2.24 inches) . Consequently, peak flows 
were not very large in WY93 relative to WY95-98. This is important to remember in later discussions of 
suspended sediment flux and bed mobility. 

Figure 3 shows plots of annual rainfall depths versus annual peak flows (expressed in cfs/mi2
) for Little 

Lost Man Creek (LLM) and Prairie Creek below Brown Creek (PRL). This shows the poor correlations 
between the two: several years of the study had similar annual rainfall but vastly differing annual 
maximum peak flows. Figure 4, however, shows marked improvement in correlations when rainfall 
"severity" is expressed as the maximum depth that occurred in a single day. Because of the tendency for 
a great proportion of the annual sediment load to be transported during only the highest flows, daily 
rainfall gives a much better index of winter storm erosivity than annual rainfall. 

Peak Streamflows and Flood Frequencies 

Figure 5 shows annual maximum peak discharges measured over the study period. Annual hydrographs 
and discharge data tables are provided in Appendix B. Table 4lists the peak discharges along with 
estimates of recurrence intervals derived from a flood frequency analysis performed by the US 
Geological Survey on records for Little Lost Man Creek from WY75-89 and adjusted for drainage area. 

From Figure 5, the general trend of increasing peak discharges over the duration of the study is apparent. 
Two exceptions are a relatively high peak in WY93 that was followed by a low peak year in WY94 and 
the highest peak year in WY97 followed by somewhat lower peaks in WY98. The chronological 
sequence of flow magnitudes over the nine years of study exhibits two wave-like features: a small one in 
WY93 followed by a much larger one in WY95-98. These features will be discussed later in terms of 
sediment "flushing" from Prairie Creek. 

Figure 6 shows unit peak discharges (cfs/mi2
) for the gages to facilitate comparisons between gages 

draining different watershed areas. A similar, but less dramatic chronological trend to that in Figure 5 can 
be seen in Figure 6. Also, a tendency for greater unit peak runoff for Boyes (BOY) and Little Lost Man 
(LLM) creeks is apparent, especially in the wetter years. The relatively high unit peak flows for BOY in 
WY95-96 (the two years it was gaged) and LLM in WY95-98 may reflect relatively expedient runoff 
characteristics due to underlying rock type, basin relief or shape, locally heavy precipitation, or any 
combination of these factors. 



Figure 2. Annual and Maximum Daily Rainfall Depths for Prairie Creek: WV90-98 
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Figure 3. Annual Rainfall in Prairie Creek vs Annual Unit Peak Flow 
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Figure 4. Annual Maximum Daily Rainfall vs Annual Peak Flow 
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Figure 5. Peak Discharges at Prairie Creek Basin Gages: WY90-98 
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Table 4. Annual maximum peak streamflows and recurrence intervals for Prairie Creek basin gages 
(b d USGS fl d f al . f L. 1 L M C k f h . d 1975 89) ase on a 00 requency an Iysts or 1tt e ost an ree or t e peno -

Annual Maximum Peak Discharge ( cfs) 
Station Name (code) [Approximate Recurrence Interval (yrs)] 

WY90 WY91 WY92 WY93 WY94 WY95 WY96 WY97 WY98 
Prairie Creek above 93 153 125 169 113 241 346 348 234 
Brown Creek (PRU) [<1] [<1] [<1] [<1] [<1] [2] [5] [5] [2] 
Prairie Creek below 205 160 148 206 155 299 666 832 414 
Brown Creek (PRL) [<1] [<1] [<1] [<1] [<1] [1.7] [5] [10] [2.5] 
Prairie Creek above --- 261 241 451 307 773 1404 1767 887 
May Creek (PRW) [<1] [<1] [<1] [<1] [2.5] [7] [20] [2.5] 
Upper NF Brown 53 21 31 26 16 --- --- --- ---
Creek (BRU) [2] [<1] [1.5] [<1] [<1] 
Lower NF Brown 67 48 45 53 43 81 --- --- ---
Creek (BRL) [1.5] [<1] [<1] [<1] [<1] [2] 
Boyes Creek (BOY) --- --- --- --- --- 182 362 --- ---

[4] [15] 
Little Lost Man --·- --- --- 143 102 370 393 639 382 
Creek (LLM) [<1] [<1] [3] [3] [8] [3] 

The Prairie Creek Bypass has elevated flood peaks in affected tributaries due to paving, which increases 
runoff coefficients, and enlargement of some contributing areas by drainage facilities on the highway. 
Increases in the 2- and 10-year peak flows for Boyes Creek were estimated to be about 9% (PWA, 1994, 
Table 3, page 17). For the two years lower Boyes Creek was gaged (WY95 and 96), the recurrence 
interval of the peak flow was greater than at other gages in Prairie Creek. In WY 95, peak flows were 
generally about 2-year recurrence interval except at Boyes Creek, where a 4-year flood was recorded. 
This peak (182 cfs, Table 4) was about 26% higher than the estimated 2-year flood (145 cfs, Table 3). In 
WY96, other gages experienced about a 5-year flood, while Boyes Creek recorded a 15-year flood (362 
cfs, Table 4), or about 45% higher than the estimated 5-year flood (249 cfs, Table 3). From these data, it 
would appear that flood peaks were elevated greater than that predicted by PW A. Elevation of flood 
peaks would be expected to cause increases in sediment production from channel erosion processes (bank 
erosion and bed scour). Other streams, such as Big Tree and Brown Creeks, are likely also experiencing 
increased flood peaks and resultant channel erosion (PWA, 1994). 

Suspended Sediment Flux 

October, 1989 Storm 

As detailed in earlier reports, the October, 1989, storrnflow transported 78%, 59% and 70% of the WY90 
annual suspended load for Prairie Creek above and below Brown Creek and lower Brown Creek (PRU, 
PRL and BRL, respectively). In comparison, the early January, 1990, flood transported only 10% of the 
WY90 suspended sediment load for PRU, and 28% for PRL. Relatively little sediment was transported 
from February to June, 1990. Also reported earlier, the October storm carried at least 30 times the 
amount of suspended sediment than later storms of equivalent size in WY90. 

Annual Suspended Sediment Flux 

Figure 7 shows annual suspended sediment fluxes for the entire study period. Like discharge, suspended 
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sediment flux shows two "spikes" in annual yield occurring in WY93 and W97 (this is best exhibited by 
the two gages which spanned the entire study period: PRU and PRL). The same can be seen, albeit 
muted, in Figure 8, which shows unit suspended sediment flux. 

It is obvious from Figures 7 and 8 that Boyes Creek was a disproportionately large suspended sediment 
contributor to Prairie Creek for the two years it was gaged (WY96-96). From Figure 8, suspended 
sediment flux from Boyes Creek surpassed by over an order of magnitude the unit yield from PRL in 
WY96. Although Boyes Creek comprises only about 13% of the drainage area above Prairie Creek above 
May Creek (PRW), Figure 7 indicates that Boyes Creek generated about 50% of the total flux measured 
at PRW in WY95 and about 85% in WY96. 

In Figure 9, a closer comparison is made between annual suspended sediment yields from PRU and PRL. 
Although PRU received some sediment from the October, 1989, storm, it was considered to be a good 
control stream nonetheless, and usually exhibited significantly lower unit suspended sediment yields than 
PRL. During the low flow years that followed the year of the October 1989 storm (WY91-94), unit 
suspended sediment yields were virtually identical. Beginning in 1995, when a sequence of wetter years 
began, larger differences between the control (PRU) and the affected area (PRL) became obvious. 
Differences attributable to the Bypass were greatest in WY96, when unit suspended sediment flux at PRL 
was more than twice as great as that at PRU. Although WY97 was generally wetter than WY96, both unit 
suspended sediment flux as well as the difference between PRU and PRL declined significantly. In the 
fmal year of the study, unit suspended sediment fluxes at these two sites were virtually identical, 
suggesting a return of suspended sediment yields from Brown Creek to background levels. 

Suspended Sediment Flux and Peak Discharge 

Figure 10 shows a plot of annual maximum peak discharge (cfs/rni2
) against annual suspended sediment 

flux (tons/rni2
) for Prairie Creek with 6 years or more of record. This type of plot can be viewed as a 

suspended sediment rating curve of sorts and helps to evaluate differences between gages. The higher a 
line plots on the graph, the greater a producer of suspended sediment it is. The two control gages (PRU 
and LLM) plot low on the graph, indicating relatively low suspended sediment output. As discussed 
earlier, the more erodible geology in LLM' s watershed probably explains its higher output of suspended 
sediment. PRL is intermediate between PRU and LLM, probably due to the inclusion of Brown Creek' s 
Bypass-elevated suspended sediment contribution upstream from PRL. The highest plotting gages are 
BRL and PRW. BRL plots higher than others because of the relatively undiluted effects of Bypass 
erosion upstream, while PRW includes the extremely high suspended sediment contributions from Boyes 
Creek. 

The strength of the relationshif.s may also provide insights about the effects of the Bypass. The higher 
the correlation coefficient ("R "), the stronger the relationship between suspended sediment flux and 
peak flow. Three of the five rating curves plotted have R2 values greater than 0.9 (PRU, LLM, and 
PRW), indicating fairly consistent relationships. However, R2 values for BRL and PRL are relatively low 
(0.53 and 0.64, respectively). This probably reflects a shift in the relationship between discharge and 
suspended sediment flux over the study period as Brown Creek flushed itself of sediment following the 
October 1989 storm. 

Streambed Gravel Particle Sizes and Permeability 

Appendix D lists gravel size descriptors and permeability results from infiltration bag samples for 
WY90-95. Results through WY93 were discussed in detail in earlier annual reports, as were other 
samples besides infiltration bags. Although methods, sampling locations, and sampling intensity varied 
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Figure 9. Unit Suspended Sediment Flux for Prairie Creek above and below Brown Creek: 
WY90-98 
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Figure 10. Prairie Creek Annual Suspended Sediment Flux vs Annual Maximum Peak Discharge 
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somewhat from year to year, overall results for WY90-95 are discussed briefly below. Beginning in 
WY96, researchers at Humboldt State University conducted streambed gravel sampling, and the results 
are not included here. A more detailed examination of gravel size and permeability results spanning the 
entire nine-year study period could be accomplished by pooling the RNSP and HSU data sets. 

Fines Intrusion into Artificial Redds 

As discussed earlier, two distinct "flushing" periods for fine sediment were observed in the records of 
suspended sediment flux: the first in WY93 and the second in WY96. Our infiltration bag sampling 
period caught the first of these flushes in WY93, the first year during which fines intrusion below Brown 
Creek was substantially higher than that above Brown Creek, in the control reach of upper Prairie Creek. 
Substantial differences were also observed in the WY94 data, but were less dramatic than in WY93. By 
WY95, differences between the Prairie Creek control reach and other reaches downstream were 
negligible, despite the fact that WY95 was a fairly wet winter. This suggests that, at least in the main 
channel of Prairie Creek, fmes from the Bypass had effectively been flushed from the channel system. 
However, post-WY95 gravel size information could either confirm or contradict this conclusion, as the 
highest flows of the entire study period occurred after WY95. 

In contrast to fines intrusion in the main channel of Prairie Creek, Brown Creek exhibited a differing 
temporal response. In WY90, the first runoff season following the October, 1989, erosion event, fines 
intrusion in Brown Creek was up to ten times higher than in Prairie Creek. Fines intrusion in Brown 
Creek remained higher, although less so, in WY91-92, and was lower than Prairie Creek, including the 
upper Prairie Creek control reach, in WY95 (no sampling was performed in WY93-94 in Brown Creek), 
suggesting that fines from Bypass erosion had been flushed from the streambed. Thus, fines intrusion 
occurred at higher levels and earlier in Brown Creek than in Prairie Creek, a trend consistent with our 
general understanding of time lags and attenuation of disturbance magnitudes in a downstream direction. 

The second control stream, Little Lost Man Creek, was sampled in WY93-95 with infiltration bags. In 
WY93-94, fines intrusion was consistently higher in Little Lost Man Creek than all other reaches, but 
was very similar to them in WY95. Because of its more erodible geology, higher levels of sediment 
transport, and consequently higher levels of fines intrusion, would be expected in Little Lost Man Creek 
than in the upper Prairie Creek control reach. This would explain the results from WY93-94, but the lack 
of higher fines intrusion in WY95 cannot be easily explained. 

Permeability 

We initially expected fines intrusion and permeability to vary together (higher fines intrusion associated 
with lower permeability), as is widely reported in the scientific literature. While this model was exhibited 
in our data from time to time, inconsistencies abounded. In numerous cases, permeability appeared to 
increase as fines intruded into artificial redds, while in others, higher decreases in permeability were 
associated with relatively lower fines intrusion. In retrospect, more rigorous experimental controls might 
have improved the utility of permeability measurements. For example, using experimental gravel 
mixtures, rather than just sieving out fines from the pre-existing gravel, would have made initial 
permeabilities more consistent between samples might have made final permeability results more 
dependent fines intrusion. Also, permeability was measured only where the perforations in the pipe were 
located, near the bottom of the sample. However, fines intrusion was quantified for the core as a whole, 
including fines that intruded only a short distance vertically into the samples. Thus, effects on 
permeability may have been localized in the upper strata of the sample, while permeability was measured 
at depth. As with gravel samples, pooling of permeability results for the full term of the study may yield 
results which prove to be more meaningful than those included here. 



V.SUMMARY 

Immediately following the October, 1989, Bypass erosion event, streambed surfaces in affected streams 
were covered with mud which obviously came from the event. The first few storms following this event 
re-mobilized this material and gave the appearance of recovery, but much of the sediment had infiltrated 
into the substrate. With the occurrence of a series of wet winters with high streamflows, subsurface fine 
sediments from the Bypass appeared to be flushed from the channel system. Results of nine years of 
monitoring physical trends and conditions in the Prairie Creek stream system indicate that effects on 
stream sedimentation from the 1989 Bypass erosion event were most likely gone as of WY98. Only with 
the full nine years of study could we say this with any confidence. Data collection for this study was 
discontinued in October, 1998 (beginning of WY99), thus there is no way to confirm that subsequent 
years will continue to show sediment conditions in streams draining the Bypass to be similar to streams 
not affected by the Bypass. 

Of the suite of measurements made for this study, the most useful indices of the persistence and 
magnitude of effects from Bypass erosion proved to be suspended sediment flux comparisons between 
the upper Prairie Creek control reach and other affected reaches. Suspended sediment is a useful 
measurement for documenting short-term effects from erosion-producing events because it responds 
relatively quickly, unlike bedload. Streambed gravel sampling using artificial redds was also useful to 
distinguish Bypass effects from ambient levels of fines intrusion, but the level of effort (and cost) to 
conduct adequate sampling was substantially higher than for suspended sediment monitoring at stream 
gages once they were established. 
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Appendix A. Annual rainfall data tables mass curves from the Little Lost Man Creek raingage 



Little Lost Man Creek (LLM) WY93: Daily Rainfall Depth (inches) 

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
1 0.00 0.10 1.20 0.26 0.00 0.38 1.17 0.00 0.23 0.00 0.00 0.00 
2 0.00 0.00 0.01 0.00 0.00 0.51 0.63 0.00 0.15 0.00 0.00 0.00 
3 0.00 0.01 0.00 0.20 0.08 0.19 1.50 0.00 0.16 0.00 0.00 0.00 
4 0.00 0.01 0.01 0.94 0.19 0.00 0.50 0.00 0.67 0.00 0.00 0.00 
5 0.00 0.02 0.15 0.86 0.05 0.00 0.01 0.00 0.02 0.00 0.00 0.00 
6 0.00 0.19 1.14 0.38 0.00 0.00 0.14 0.00 0.48 0.00 0.00 0.00 
7 0.00 0.00 0.36 0.35 0.04 0.00 0.00 0.00 0.09 0.00 o.oo 0.00 
8 0.00 0.00 1. 45 1. 00 0. 43 0.00 0.80 0.00 0.00 0.00 0.00 0.00 
9 0.00 0.00 0.55 1. 00 0.50 0.06 1.20 0.00 0.11 0.00 0.00 0.00 

10 0.00 0.00 2.24 0.24 1.35 0.15 0.29 0.00 0.00 0.00 0.00 0.00 
11 0.00 0.01 1.18 0.17 1. 82 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
12 0.00 0.00 0.15 0.05 0. 48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 0.00 0.00 0.00 0.80 0.00 0.14 0.00 0.12 0.00 0.00 0.00 0.00 
14 0.00 0.00 0.03 0.82 0.00 1.19 0.30 0.01 0.10 0.00 0.00 0.00 
15 0.00 0.29 0.00 0. 4 9 0.00 0.50 0.16 0.00 0.08 0.00 0.00 0.00 
16 o.oo 0.11 0.45 0.22 0.05 0.83 0. 76 0.00 0.00 0.00 0.00 0.00 
17 0.00 0.05 0.54 0.00 0.38 1.67 1.41 0.00 0.01 0.00 o.oo o.oo 
18 0.00 0.91 0.03 0.01 0.45 o. 79 0.26 0.00 0.00 0.00 0.00 0.00 
19 0.00 0.00 0.20 1. 07 2.19 0.01 0.00 0.42 0.00 0.00 0.00 0.00 
20 0.00 1.24 0.46 1. 60 0.76 0.14 0.26 0.02 0.00 0.00 0.00 0.00 
21 0.00 0.10 0.33 2.05 1.28 0.00 0.00 0.43 0.00 0.00 0.00 0.00 
22 o.oo 0.00 0.00 0.14 0.55 1.22 0.00 0.00 0.00 0.00 0.00 0.00 
23 o.oo 0.00 0.01 0.00 0.52 1.59 0.00 0.00 o.oo 0.00 0.00 0.00 
24 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.45 0.00 0.00 0.00 0.00 
25 0.00 0.36 0.01 0.00 0.00 0.00 0.00 0.50 0.00 0.00 0.00 0.00 
26 0.00 0.43 0.03 0.00 0.00 0.00 0.00 o. 79 0.00 0.00 0.00 0.00 
27 0.12 o.oo 1.52 0.06 0.00 o.oo 0.00 0.41 0.00 0.00 0.00 0.00 
28 1.65 0.00 1.37 0.02 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 
29 2.12 0.01 1. 54 0.00 --- 0.00 0.00 0.38 0.00 0.00 0.00 0.00 
30 1. 97 0.03 1. 26 0.00 --- 0.05 0.00 2.22 0.00 0.00 0.00 0.00 
31 1. 85 --- 1.65 0.00 --- 0.84 --- 0.65 --- 0.00 0.00 

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
TOTAL 7. 71 3.87 17.87 12.74 11.12 10.27 9.39 6. 45 2.10 0.00 0.00 0.00 
MEAN 0.25 0.13 0.58 0.41 0.40 0.33 0.31 0.21 0.07 0.00 o.oo 0.00 
MAX 2.12 1. 24 2.24 2.05 2.19 1. 67 1.50 2.22 0.67 0.00 0.00 0.00 
MIN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

PEAK 0.27 0.11 0.28 0.15 0.13 0.09 0.25 0.11 0.15 0.00 0.00 0.00 
LOW 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

PERIOD TOTAL MEAN: 0.22 
PERIOD TOTAL MAX: 2.24 
PERIOD TOTAL MIN: 0.00 
PERIOD TOTAL SUM: 81.52 

PERIOD TOTAL PEAK: 0 .28 
PERIOD TOTAL LOW: 0.00 



•• .-.. 
:!: 
..J 
..J ._.. 

..., 
tn 
0 
..J 
C1) 

E ·-..J 

0 
0 
'II'""" 

I I I I 

0 
<» 

I I I I 

0 
(X) 

"\ 

--
I~ 

L 
~ 

I I I I 

0 
........ 

I I I I 

0 
<0 

~ I-. 

I I I I 

0 
&() 

~ 
L 

I I I I 

~ 
"'-.. 

'--L 

I I I I 

0 
(t) 

I I I I 

~ 

0 
N 

I I I I 

-
-
--
---
-

-
---
----
----
----
----
-
-
--
---
-

--
-
-

----
----
-
f-
f-
r--
r--
f--
f--
f--

r--
r--
r--
f--

r--
r--
f--
r-

1 -
'--

1 f-

-
L_ ----

----
I I I I 

0 0 
'II'""" 

'\~'\~9?, 

rfol?-~9?, 

rfo\~9?, 

~'\119?, 

o11'2-~?, 

o11~9?, 

~'\~9?, 

o'51?.919?, M 

~en 
rfolo919 ~ 

r::}tl'\919?, ; 
C1) 

...,,?fll9?, > 
().")! ... 

o~"~9?,! 
,.~9?, 3: 

o'2.1' 
.,gt9?, o'\•,. 

nnl9?, 
o'\IV" 

'\'2J?.ol9'1-

"'\ l?fll9'1-

'\ '\1'\~9'1-

t")'\19'1-
'\01,. 

lo'\19'1-
'\0 



Little Lost Man Creek (LLM) WY94: Daily Rainfall Depth (inches) 

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
1 0.00 0 .00 1.11 0.94 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 
2 0.00 0.00 0.00 0.14 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 
3 0.00 0.01 0. 71 0.19 0.00 0.11 0.00 0.26 0.25 0.00 0.00 0.00 
4 0.15 0.01 0.06 0.59 0.00 0.03 o.oo 0.26 0.48 0.00 0.00 0.00 
5 0.01 0.00 0.01 0.31 0.00 0.02 0.04 0.51 0.44 0.00 0.00 0.00 
6 0.03 0.00 0.18 0.00 0.47 0.00 0.59 0.03 0.09 0.00 0.00 0.00 
7 0.00 0.00 2.85 0.09 0.04 0.00 0.14 0.01 0.00 0.00 0.00 0.00 
8 0.00 0.00 1.29 1. 95 0.00 0.00 0.98 0.01 0.00 0.00 0.00 0.00 
9 0.07 0.00 0.00 0.28 0.43 0.00 0.16 0.01 0.00 0.00 0.00 0.00 

10 0.17 0.00 0.35 0.09 0.87 0.24 0.00 0.00 0.00 0.00 0.00 0.00 
11 0.65 0.22 2.65 0.09 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
12 0.01 0.01 0.07 0.00 0.00 0.00 0.00 0.02 0.01 0.00 0.00 0.00 
13 0.00 0.00 1.08 0.01 0.21 0.00 0.00 0.00 0.39 0.00 0.00 0.00 
14 0.03 0.00 0.72 0.00 0.15 0.00 0.00 0.07 0.00 0.00 0.00 0.00 
15 0.29 o.oo 0.01 o.oo 0.03 0.26 0.00 1.20 0.00 0.00 0.00 0.00 
16 0.00 0.00 0.00 0.02 1.10 0.39 0.00 0.28 0.00 0.00 0.00 0.00 
17 0.00 0.47 0.00 0.00 2.46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
18 0.00 0.01 0.01 0.01 0.92 0.62 0.08 0.02 0.00 0.00 0.00 0.00 
19 0.00 0.00 0.00 0.00 0.56 0.00 0.00 0.02 0.00 0.00 0.00 0.00 
20 0.00 0.00 0.01 0.00 1.06 0.35 0.00 0.12 0.00 0.00 0.00 0.00 
21 0.00 0.05 0.01 0.39 0.82 0.55 0.07 0.00 0.01 0.00 0.00 0.00 
22 0.00 1. 03 0.00 1.10 0.00 0.56 0.00 0.00 0.03 0.00 0.00 0.00 
23 0.00 0.00 0.01 2.60 0.00 0.52 0.84 0.00 0.00 0.00 0.00 0.00 
24 0.00 0.00 0.01 0.53 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 
25 0.00 0.00 0.00 0.08 0.31 0.00 1.13 0.00 o.oo 0.00 0.00 0.00 
26 0.00 0.01 0.00 0.54 0.16 0.00 0.00 0.01 0.00 0.00 0.00 0.00 
27 0.00 0.00 0.00 0.01 0.39 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
28 0.00 0.54 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
29 0.00 2.06 0.00 0.00 --- 0.08 0.19 0.01 0.00 0.00 0.00 0.00 
30 0.00 0.00 0.51 0.00 --- 0.14 0.01 0.00 0.01 0.00 0.00 0.00 
31 o.oo --- 0.00 0.01 --- 0.00 --- 0.10 --- o.oo 0.00 

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
TOTAL 1. 41 4.42 11.65 9. 97 10.00 3.88 4.38 2.94 1. 72 0.01 0.00 0.00 
MEAN 0.05 0.15 0.38 0.32 0.36 0.13 0.15 0.09 0.06 0.00 0.00 o.oo 
MAX 0.65 2.06 2.85 2.60 2.46 0.62 1.13 1.20 0. 48 0.01 0.00 0.00 
MIN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

PEAK 0.08 0.14 0.19 0.23 0.12 0.10 0.15 0.13 0.06 0.01 0.00 0.00 
LOW 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

PERIOD TOTAL MEAN: 0.14 
PERIOD TOTAL MAX: 2.85 
PERIOD TOTAL MIN: 0.00 
PERIOD TOTAL SUM: 50.38 

PERIOD TOTAL PEAK: 0.23 
PERIOD TOTAL LOW: 0.00 
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Little Lost Man Creek (LLM) WY95: Daily Rainfall Depth (inches) 

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
1 o.oo 1. 40 1-08 0.07 0.52 0.07 0.01 1. 08 0.02 0.00 0.01 0.01 
2 0 .00 0.00 0.07 0.00 0.01 1. 20 0.00 0.01 0.01 o.oo o.oo 0.00 
3 0.00 0.00 0.27 0.01 0.00 0.56 0.00 0.00 0.00 0.00 0.00 0.00 
4 o.oo 1.11 0.00 0.25 0.00 0.60 0.01 0.00 0.27 0.00 0.00 0.00 
5 0.00 0.02 0.41 1.02 0.00 0.29 1. 03 0.01 0.08 0.00 0.00 0.00 
6 0.00 0.13 0.48 0.72 0.00 0.00 0.84 0.00 o.oo 0.00 0.06 0.00 
7 0.00 0.01 0.09 1.10 0.00 0.01 0.88 0.00 0.00 0.00 0.04 0.00 
8 0.00 0.51 0.00 1. 75 0.01 1.69 0.67 o.oo 0.00 0.00 0.00 0.00 
9 0.00 2.03 0.00 3.85 0.00 1.31 0. 07 0. 45 0.00 0.11 0.00 o.oo 

10 0.00 0.00 0.41 1. 42 0.00 1.17 0.01 0.14 0.85 0.00 0.13 0.00 
11 o.oo 0.01 0.67 1. 48 0.05 0.82 0.08 0.16 0.00 0.05 0.00 0.00 
12 0.02 0.11 0.70 0.73 0.92 0.70 1. 77 0.78 0.00 0.00 0.00 0.00 
13 0.03 0.00 0.00 1.31 0.55 0.54 0. 70 0.00 0.06 0.00 0.00 0.00 
14 0.31 0.00 0.44 1.27 0.00 2.06 0.01 0.00 1.59 0.00 o.oo 0.03 
15 0.01 1. 88 0.80 0.47 0.00 0.01 0.49 0.00 0.13 0.00 0.00 0.00 
16 0.00 1.19 o. 4 9 0.13 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
17 0.00 0.59 0.22 0.18 0.19 0.26 0.16 0.01 0.39 0.00 0.00 0.00 
18 o.oo o.oo 0.06 0.19 0.07 0.52 0.00 0.00 0.24 0.02 0.00 0.00 
19 0.00 0.23 0.01 0.00 0.00 0.80 0.46 0.00 0.33 0.00 0.00 o.oo 
20 0.00 0.65 0.00 0.00 o.oo 1.56 0.13 0.00 0.00 0.01 0.00 0.00 
21 0.00 0.00 0.00 0.01 0.00 1.35 0.00 0.00 0.00 0.03 0.00 0.00 
22 0.00 o.oo 0.00 0.54 0.00 1.60 0.00 0.01 0.00 0.00 0.00 0.00 
23 o.oo 1. 08 0.00 0.02 0.00 0.70 0.00 0.00 0.01 0.00 0.00 0.00 
24 0.00 1. 86 0.99 0.18 0.01 0.08 0.00 0.00 0.00 0.00 0.00 0.22 
25 0.02 1. 23 0.00 0.24 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.09 
26 0.06 0.03 0.89 0.68 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.23 
27 1.33 0.47 1.65 0.10 0.00 0.00 0. 73 0.00 0.00 0.00 0.00 0.12 
28 o.oo 0.00 0.05 0.53 0.00 0.00 0.46 0.00 0.00 0.00 0.40 0.39 
29 0.00 0.10 0.00 0.78 --- 0.00 0.10 0.00 0.00 0.17 0.02 0.00 
30 0.00 0.37 0.01 1.15 --- 0.00 0.58 0.00 0.02 0.00 0.00 0.00 
31 0.05 --- 0.07 1. 75 --- 0.30 --- 0.00 --- 0.00 0.00 

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
TOTAL 1. 83 15.01 9.86 21.93 2.33 18.21 9.19 2.65 4.00 0.42 0.66 1. 09 
MEAN 0.06 0.50 0.32 0. 71 0.08 0.59 0.31 0.09 0.13 0.01 0.02 0.04 
MAX 1.33 2.03 1. 65 3.85 0. 92 2.06 1. 77 1. 08 1.59 0.17 0.40 0.39 
MIN 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

PEAK 0.10 0.17 0.15 0.17 0.09 0.17 0.13 0.07 0.09 0.08 0.05 0.21 
LOW 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 

PERIOD TOTAL MEAN: 0.24 
PERIOD TOTAL MAX: 3.85 
PERIOD TOTAL MIN: 0.00 
PERIOD TOTAL SUM: 87.18 

PERIOD TOTAL PEAK: 0.21 
PERIOD TOTAL LOW: 0.00 
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Little Lost Man Creek (LLM) WY96: Daily Rainfall Depth (inches) 

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
1 0.00 0.00 1. 97 0.00 0.00 0 . 00 0.22 0.00 0 . 00 0.00 0.00 0.00 
2 0.00 0.00 0.00 0 . 00 0.00 0 . 02 0.31 0.00 0.00 0.00 0.00 0.00 
3 0.06 0.00 0.42 0.32 0.68 0 . 21 0 . 00 0.00 0.01 0.00 0.00 0.00 
4 0.00 0 . 00 0.74 0.02 0.59 1. 69 0.00 0 . 00 0.01 0.00 0.00 0 . 00 
5 0.00 0 . 00 1.31 0.11 0.26 0.15 0.00 0.00 o. oo o.oo 0 . 00 o.oo 
6 0.00 o.oo 0 . 30 0.01 0.00 0 . 00 0.00 0.00 0.00 0.00 o.oo 0.00 
7 0.00 0.00 0.02 0.42 0.08 0.05 0.00 0.00 0.00 0.00 0.00 0.00 
8 0.00 1.52 0.09 0.37 0.61 0.00 0.01 0.00 0.00 o.oo 0.00 o.oo 
9 0.00 0.21 0.10 0.82 0.31 0.00 0. 49 0.00 0 . 00 0.00 o.oo 0.00 

10 0.00 0.00 0.98 0 . 00 0.00 0.27 0 . 07 o.oo 0 . 00 0.00 0.00 0.00 
11 1.13 0.03 1.22 0.01 0 . 00 1. 64 0. 42 0.00 0 . 00 0.00 o.oo o.oo 
12 0.00 0.17 2.38 0 . 00 0.00 0.00 0.20 o.oo 0 . 00 0.00 0.00 0.00 
13 0.00 0.00 1.25 o.oo 0.00 0.00 0.00 0.58 0.00 0.00 0.00 0.00 
14 0.00 o.oo 1. 44 0.37 0.00 0.00 0.00 0.78 0 . 00 0 . 00 o.oo o.oo 
15 0.00 0.06 0.63 0 . 31 0.00 0.00 0.39 0.99 0.00 0.00 0.00 0.00 
16 o.oo 0.01 0.00 1. 08 0.83 0.00 1. 61 0.10 0.00 o.oo 0.00 0.00 
17 0.00 0.53 0.00 0.01 0. 46 0.00 0.51 0.88 0 . 00 0.00 o. oo 0 . 00 
18 0.00 0.12 0.04 o. 71 1. 27 0.00 0.29 0.47 0 . 00 0.00 o. oo 0 . 00 
19 0.00 0.00 0.01 0. 97 0 . 88 0.00 0.58 0.44 0 . 00 0.00 0.00 0 . 00 
20 0.00 0.00 0.00 0 . 90 1. 66 0.00 0.13 0.02 0.00 0.00 0.00 0.00 
21 o.oo 0.10 0.01 0.76 1.15 0.22 0.55 1. 41 0.00 o.oo 0.00 0 . 00 
22 0.00 0.15 0.03 0.08 0.36 0.91 0.19 0.02 0 . 00 0.00 0.00 0 . 00 
23 0.00 0.00 0.00 1. 92 1. 26 0.00 1. 74 0.00 0 . 34 0.00 0 . 00 0.00 
24 0.00 0.63 0.01 1.33 0 . 53 0.00 0.15 0.00 0 . 18 0.00 0.00 0.00 
25 0.02 1.31 0.00 0.26 0 . 00 0.00 0.00 0.00 0.00 0.00 0 . 00 0.00 
26 0.05 0.05 0.01 0.70 0.03 0.06 0.00 0.00 0.00 0.00 0 . 00 0 . 00 
27 0.00 0.12 0.24 1. 42 0.68 2.03 0.00 0.00 0.00 0.00 0.00 0 . 00 
28 0.00 0.06 0.95 0.51 2.02 0.20 0.00 0.00 0 . 00 0.00 0 . 00 0.00 
29 0.00 0.18 4 . 63 0.28 0.72 0.00 0 . 00 0.00 o.oo 0.00 0 . 00 0.00 
30 0.00 0.52 3 . 80 0 . 35 --- 0.00 0 . 00 0.00 0.00 0.00 0.00 0.00 
31 0.00 --- 0 . 00 0.01 --- 1.08 --- 0.00 --- 0.00 0.00 

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
TOTAL 1.26 5.77 22.58 14.05 14.38 8.53 7 . 86 5.69 0 . 54 0.00 0 . 00 0.00 
MEAN 0.04 0.19 0 . 73 0. 45 0.50 0.28 0 . 26 0.18 0.02 0.00 0 . 00 0 . 00 
MAX 1.13 1.52 4 . 63 1. 92 2.02 2 . 03 1. 74 1.41 0.34 0.00 0 . 00 0.00 
MIN 0.00 0 . 00 0.00 0.00 0.00 0 . 00 0.00 0 . 00 0.00 0.00 0 . 00 0.00 

PEAK 0.13 0.17 0.29 0.19 0.20 0 . 17 0.12 0.10 0.06 0 . 00 0.00 0.00 
LOW o.oo 0.00 0.00 o.oo 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 

PERIOD TOTAL MEAN: 0.22 
PERIOD TOTAL MAX: 4.63 
PERIOD TOTAL MIN: 0.00 
PERIOD TOTAL SUM: 80.66 

PERIOD TOTAL PEAK: 0.29 
PERIOD TOTAL LOW: o.oo 
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Little Lost Man Creek (LLM) WY97 : Daily Rainfall Depths (inches) 

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
1 0.00 0.00 0.39 5.00 0.28 1.18 0.00 0.00 0.00 0.00 0.00 o.oo 
2 0.00 0.00 0.54 1.13 0.00 0.61 0.00 0 . 63 0.06 0.00 0.00 0 . 00 
3 0.00 0.00 0.16 0.01 0.37 0.14 0.00 0.02 0.90 0 . 00 0.00 0.00 
4 0.00 0.00 3.25 0.01 0.64 0.00 0.00 0.00 0.01 0 . 00 0.00 0.00 
5 0.00 o.oo 0.67 o.oo 0.00 0.14 0.00 0.01 0.00 0 . 00 0.00 0.00 
6 0.00 0.00 0 . 04 0.01 0.00 0 . 05 0.02 0.00 0 . 00 0.00 0.00 0.00 
7 0.00 0.00 2.66 0 . 00 0 . 32 0.05 0.33 0.00 0.00 0.00 o.oo 0.00 
8 0.00 0.00 4.45 0 . 00 0 . 00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 
9 0.03 0.00 1. 87 0.00 0.04 0.00 0.00 0.00 0.00 0.03 0.00 0.05 

10 0.00 0.00 0.64 0.00 0.01 0.19 0.00 0.00 0.00 0.00 0 . 00 0.02 
11 o.oo o.oo 0 . 39 0.01 0.21 0 . 12 0.00 0 . 00 0 . 06 0.00 0 . 00 0.00 
12 0. 08' 0.07 0.57 0.00 0.03 0.18 0.06 0.00 0.00 0.00 o.oo 0.00 
13 0.24 0.08 0.32 o.oo 0.00 0.00 0.01 0.00 0 . 00 0.00 0 . 00 0.66 
14 0.00 0.15 0.00 0.00 0.00 0.02 0.00 0 . 00 0.00 0.00 0 . 00 0.27 
15 0.05 0.29 0.01 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0 . 00 0.82 
16 0.00 0.05 0.00 0.50 0.80 0.52 0.20 0.00 0.00 0.00 0.00 0 . 01 
17 0.20 0.80 0.01 0.09 0.00 0.00 0.01 0.00 0.00 0.00 0.00 1.26 
18 0 . 98 3.77 o.oo o.oo 0.28 o. oo 0. 85 0 . 00 0 . 00 0 . 00 0 . 00 o.oo 
19 0.22 1. 44 0.01 0.39 0.45 0 . 08 0 . 75 0 . 00 0 . 00 0 . 00 0 . 00 0.00 
20 0 . 00 0.10 1. 89 0.59 0.00 0.13 0.52 0 . 00 0.00 o. oo 0.20 0.00 
21 0 . 01 0.21 1.07 1. 07 0.09 0.00 0.24 0 . 00 0.00 0.00 o.oo 0 . 00 
22 0 . 65 0.09 0.75 0.00 0.00 0.00 1. 04 0 . 03 0.00 0.00 0 . 00 0 . 00 
23 0.53 0.09 0.09 0.00 0.00 0 . 00 0 . 26 0.59 0.00 0.00 0.11 0.00 
24 1.59 0.50 0.01 0.60 o.oo 0.00 0.00 0.00 0 . 00 0 . 00 0 . 00 0.00 
25 0.55 0.01 1.17 1. 79 0.00 0.00 0 . 00 0.00 0.00 0 . 00 0.00 0.01 
26 0.00 0.00 1.24 1. 07 0.00 0.03 0 . 18 0 . 29 0 . 00 0.00 0.73 0.28 
27 0.00 0.69 1.34 0.67 0.75 0.17 0 . 00 0 . 18 0.00 0.00 0.01 0.00 
28 0.72 0.27 0.42 0.27 0.00 0.01 0.44 0 . 07 0 . 01 0.00 0 . 00 0.00 
29 0.00 0 . 01 1.51 0 . 00 --- 0.00 0. 49 0.00 0.43 0.00 0.00 0.00 
30 0.00 0.78 1. 72 0 . 01 --- 0.77 0.87 0.00 0.11 0.00 0.00 o.oo 
31 0.00 --- 2.18 0 . 88 --- 0.19 --- 0 . 08 --- 0 . 00 0.00 

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
TOTAL 5.85 9. 40 29.37 14.10 4 . 27 4.64 6.39 1. 90 1.58 0.03 1.05 3.38 
MEAN 0.19 0.31 0.95 0 . 45 0.15 0.15 0.21 0.06 0.05 0.00 0.03 0.11 
MAX 1.59 3.77 4.45 5 . 00 0 . 80 1.18 1. 04 0.63 0 . 90 0.03 0.73 1.26 
MIN 0.00 0.00 0.00 0.00 0 . 00 0.00 0.00 0.00 0 . 00 0.00 o.oo 0.00 

PEAK 0 . 12 0.18 0.24 0.15 0 . 10 0.10 0.12 0.09 0.12 0.01 0.10 0.20 
LOW 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 o.oo 0.00 0.00 0.00 o.oo 

PERIOD TOTAL MEAN: 0.22 
PERIOD TOTAL MAX: 5.00 
PERIOD TOTAL MIN: 0 . 00 
PERIOD TOTAL SUM: 81.96 

PERIOD TOTAL PEAK: 0.24 
PERIOD TOTAL LOW: 0.00 
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Little Lost Man Creek (LLM) WY98: Daily Rainfall Depth (inches) 

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
1 1. 85 0.00 0.01 1.19 1.14 0.28 0.80 o. 43 o.oo 0.05 0.00 0.00 
2 0 .46 0.00 0.00 0.87 1.00 0. 70 0.00 0.10 0.01 0.01 0.00 0.00 
3 0.33 0.00 0.25 1. 92 0.03 0.24 0.00 0.01 0.00 0.02 0.00 0.00 
4 0.08 0.00 0.04 0.85 0.83 0.02 0.20 0.23 0.00 0.01 0.00 0.00 
5 0.02 0.02 0.02 0.15 1. 07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
6 0.18 0.85 0.02 0. 43 0.45 0.00 0.19 0.00 0.01 0.00 0.00 0.00 
7 0.00 0.11 2.23 0.03 1. 80 0.13 0.15 0.07 0.09 0.00 0.00 0.00 
8 0.72 0.00 0.62 0.00 0.93 0.12 0.00 0.39 0.02 0.00 0.00 0.00 
9 1.14 0.00 0.00 0.16 0.04 0.00 0.40 0.00 0.01 0.00 0.00 0.00 

10 0.08 0.32 0.00 0.42 0.59 0.08 0.35 0.00 0.16 0.00 0.00 0.00 
11 0.05 0.18 0.01 0.47 0.04 0.01 0.53 0.15 0.00 0.00 0.00 0.00 
12 0.00 0.05 0.00 2.03 0.18 0.42 0.13 0.00 0.00 0.00 0.00 0.00 
13 0.00 0.27 0.14 0.31 0.17 0.04 1.13 0.01 0.01 0.00 0.00 0.00 
14 0.00 0.07 1. 42 1.06 2.46 1. 43 0.00 0.22 0.00 0.00 0.00 0.00 
15 0.00 0.14 0.27 0.22 0.17 0.15 0.00 0.06 0.00 0.00 o.oo 0.00 
16 0.00 0.45 0.71 3.61 0. 40 0.00 0.00 0.23 0.00 0.00 0.00 0.00 
17 0.00 0.13 0.56 0.16 0.26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
18 0.00 0.32 0.01 2.38 0.31 0.00 0.00 0.01 0.00 0.00 0.00 0.08 
19 0.00 0.72 0.00 0.99 2.94 0.00 0.00 0.94 0.00 0.00 0.00 0.00 
20 0.00 0.10 0.95 0.05 0.11 o.oo 0.05 1.54 0.00 0.00 0.00 0.00 
21 o.oo 0.05 0.01 0.24 2.87 0.20 0.00 0.00 0.00 0.00 0.00 0.00 
22 0.00 0.25 0.00 0.04 0.25 0. 45 0.00 0.00 0.01 0.00 0.00 0.00 
23 0.00 0. 71 0.02 0.23 0.35 1.14 0.55 0.00 0.01 0.00 0.00 0.00 
24 0.00 0.89 0.00 0.14 0.02 0.73 0.06 1.11 0.08 0.00 0.00 0.01 
25 0.00 0.17 0.01 0.46 0.25 0.50 0.00 0.32 0.18 0.00 0.00 0.00 
26 0.03 0.90 0.01 0.62 0.00 0.00 0.00 0.25 0.00 o.oo 0.00 o.oo 
27 o.oo 0.00 0.00 0.06 0.25 0.52 0.00 0.08 0.00 0.00 0.00 0.07 
28 0.14 0.01 0.00 0.36 0.00 0.20 0.00 0.65 0.00 0.00 0.00 0.00 
29 0.14 1. 66 0.01 1.37 --- 0.10 0.00 0.01 0.02 0.00 0.00 0.00 
30 1.19 0.00 0.00 0.00 --- 0.00 0.01 0.00 0.06 0.00 0.00 0.01 
31 0. 79 --- 0.00 0.14 --- 1.00 --- o.oo --- 0.00 0.00 

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
TOTAL 7.20 8.37 7.32 20.96 18.91 8.46 4.55 6.81 0.67 0.09 0.00 0.17 
MEAN 0.23 0.28 0.24 0.68 0.68 0.27 0.15 0.22 0.02 0.00 0.00 0.01 
MAX 1.85 1.66 2.23 3.61 2.94 1. 43 1.13 1. 54 0.18 0.05 0.00 0.08 
MIN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

PEAK 0.19 0.11 0 .14 0.26 0.17 1. 43 1.13 0.10 0.02 0.01 0.00 0.03 
LOW 0 . 00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 

PERIOD TOTAL MEAN: 0.23 
PERIOD TOTAL MAX: 3.61 
PERIOD TOTAL MIN: 0.00 
PERIOD TOTAL SUM: 83.51 

PERIOD TOTAL PEAK: 1. 43 
PERIOD TOTAL LOW: 0.00 
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