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Executive Summary 

Techniques for sampling substrate material. arm0ur layer. transport material, and bulk 
density are discussed. Experience in field testing these methods on the N onh Platte. 
Gunnison, Rio Chama, and Stanislaus rivers is discussed. and r�ommendation.5 for 
improvement are presented. 

Project objectives were to develop sampling techniques that are consistent with 
numerical modelling techniques, that may be used to determine the pankle size distribution 
of the substrate and armour materials, to quantify and describe the material in transport over 
the stream surface, and to field test the developed techniques. 

A drum sampling technique was developed to sample the annour and substrate 
material. A 3O-gallon drum is placed on the streambed to isolate a ponion of the bed from 
the flow. The armour layer material is removed from the area enclosed by the drum. 
Successive drum placements are made to obtain the desired sample size. Following 
excavation of the final armour layer sample, the substrate material is excavated from the area 
defined by the drum .. The sampling process becomes more complex when the drum becomes 
submerged because of the washout of fine particles and the difficulty of working in high 
flows. When the sampler is used in conjunction with a filter cloth sampling bag placed over 
the top of the drum and an anchoring system, the sampling technique proved to be successful 
in retaining the fine material that was washed out while the drum sample was submerged. 
The method was tested in flow depths of up to four feet. 

Bulle densities were measured at the test sites using a procedure devised by Dr. R. T. 
Milhous. Substrate material from the center of a rigid frame is excavated. The volume of 
the depression is determined by cove�g the frame \\ith plastic sheeting and filling it with 
known volumes of water before and after the excavation of the depression. The weight of 
the material excavated is determined and the bulk density of the substrate material can be 
computed. Analyses were perf onned to determine the void ratios of the insitu substrate 
material but were found to be unreliable due to the magnitude of errors that ocurred during 
the bulk density determination process. 

Samples were collected to characterize the surface material in transpon applying 
several experimental techniques. ·Hydraulic dredging of surface fines with a drill operated 
pump were attempted but proved unsuccessful due to clogging of the pump. A swirl 
sampling technique was developed that suspended the surface material in a column of water 
isolated by the drum sampler while a venically integrated sample was obtained. Conclusions 
regarding the results of the swirl technique are inconclusive. The dredging and swirl 
sampling techniques were used in situations where the surface material was so minimal that 
a grab sample could not �e obtained by hand. When sufficiem quantities of surface material 
allowed a grab sample to be obtained, the sample was taken from an area isolated by the 
drum or in the lee of a large roughness element. 
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Executive Summary 

Techniques for sampling substrate material. annvur layer. transport material, and bulk 
density are discussed. Experience in field testing these methods on the l\orth Platte. 
Gunnison, Rio Chama, and Stanislaus rivers is discussed. and r�ommendatioru for 
improvement are presented. 

Project objectives were to develop sampling techniques that are consistent with 
numerical modelling techniques, that may be used to determine the panide size distribution 
of the substrate and armour materials, to quantify and describe the material in transpon over 
the stream surface, and to field test the developed techniques. 

A drum sampling technique was developed to sample the armour and substrate 
material. A 30-gallon drum is placed on the streambed to isolate a ponion of the bed from 
the flow. The armour layer material is removed from the area enclosed by the drum. 
Successive drum placements are made to obtain the desired sample size. Following 
excavation of the final armour layer sample, the substrate material is excavated from the area 
defined by the drum .. The sampling process becomes more complex when the drum becomes 
submerged because of the washout of fine particles and the difficulty of working in high 
flows. When the sampler is used in conjunction with a filter cloth sampling bag placed over 
the top of the drum and an anchoring system, the sampling technique proved to be successful 
in retaining the fine material that was washed out while the drum sample was submerged. 
The method was tested in flow depths of up to four feet. 

Bulk densities were measured at the test sites using a procedure devised by Dr. R. T. 
Milhous. Substrate material from the center of a rigid frame is excavated. The volume of 
the depression is detennined by coverqig the frame v.ith plastic sheeting and filling it with 
known volumes of water before and after the excavation of the depression. The weight of 
the material excavated is detennined and the bulk density of the substrate material can be 
computed. Analyses were performed to determine the void ratios of the insitu substrate 
material but were found to be unreliable due to the magnitude of errors that ocurred during 
the bulk density determination process. 

Samples were collected to characterize the surface material in transpon applying 
several experimental techniques. ·Hydraulic dredging of surface fines with a drill operated 
pump were attempted but proved unsuccessful due to clogging of the pump. · A swirl 
sampling technique was developed that suspended the surface material in a column of water 
isolated by the drum sampler while a vertically integrated sample was obtained. Conclusions 
regarding the results of the swirl technique are inconclusive. The dredging and swirl 
sampling techniques were used in situations where the surface material was so minimal that 
a grab sample could not pe obtained by hand. When sufficiem quantities of surface material 
allowed a grab sample to be obtained, the sample was taken from an area isolated by the 
drum or in the lee of a large roughness element. 
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The drum sampling technique proved successful for sa.cipling armour and substrate 
layers of cobble and gravel bed streams. Field studies demonsnted that the drum sampler 
can be practically used for sampling t-ed material sizes up to 3 1 5  mm tl:? .4  in) in diameter. 
Comparisons with results of previous freeze core sampling on the Rio Chama ri\'er in ?\ew 
Mexico showed the drum sampler aoj freeze core sampler to cvmpare closely in sampling 
particle sizes less than 100 mm (3 .9 in), but differed in sampling the larger panicles. The 
samples obtained with the drum sampler on the Rio Chama ranged from 0. 7 mm (0.03 in) 
to 3 15 mm (12 .4 in) , while the samples obtained previously with a freeze core sampler 
ranged from 0 .6 mm (0.02 in) to 120 mm (4 . 7 in). 

Results and analysis of the field sampling procedures perf onned at the four study sites 
are presented ,  including error analysis regarding sample size where applicable .  Observations 
for improvement and refinement of the sampling techniques are also presented . 
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Introduction 

The reported project was undertaken as pan of an interagency study between the U .S .  

Bureau of Reclamation and the U.S. Fish and Wildlife Service. on the relationships between 

flow and river channel characteristics and the removal of fine material from coarse sediment 

substrates. Colorado State University was contracted to assist in the development and testing 

of substrate sampling techniques. The project involved the evaluation of numerical studies 

and data collection from laboratory and field srudy sites. The work described herein 

addresses the methodology for field substrate sampling to support future numerical model 

investigations .  All work was conducted as directed by Dr. R. T .  Milhous. 

Goals and Objectives 

The goals of this study are: 

( 1 )  

(2) 

To develop substrate sampling techniques that are consistent and compatible with 
numerical modeling. 

Provide specific field data that will allow the appli:ation and use of conventional 
numerical models. 

The study objectives were to: 

(1)  

(2) 

(3) 

(4) 

Develop sampling techniques to map the particle size distribution on the stream 
substrate surface. 

Develop sampling techniques to quantitatively descnoe the material in transport 
over the stream substrate. 

Develop sampling techniques to quantitatively describe the particle size 
distribution Qf the stream substrate armor layer. 

Develop sampling techniques to quantitatively describe the particle size 
distribution below the stream substrate armor layer. 

3 
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Alternath'e Approaches and Methods 

Several substrate sampling techniques were identified and reviewed prior to the 

development of a new sampling technique that would meet the stated objectives. The 

substrate sampling techniques located in the literature are summarized in Table 1 .  Sampling 

techniques that are routinely used and that have been cited are reponed. 

Substrate Sampling Technigues 

Many sampling devices haves been introdu:ed throughout the development of bed 

material sampling techniques. However, the majority of these techniques are limited in their 

application to both fine and coarse bed. materials. The search and review of substrate 

sampling techniques centered on sampling devices and techniques that are appropriate for use 

in sampling and differentiating subs.trate materiait and the armour layer. Specific focus was 

placed on sampling methods that are applicable to gravel and cobble bed streams. Schematics 

of the reviewed substrate sampling devices are presented in Appendix IV. 

Freeze Core techniques use liquid CO2 or K� to freeze the substra� material with a 

single probe or a three probe appararus that is driven into the river or srream bed. The 

original single tube freeze core sampler, developed by Walkotten (1973), consisted of a 

copper tube and a -brass tip. The appararus was equipped v.ith an injector composed of a 

series of equally spaced nozzles that uniformly injected liquid CO2 to obtain a frozen core 

around the probe. 

4 
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Following several improvements to the single rube fr�ze core device (Pens. 1989; 

Carling and Reader, 1981), Lotspei:h and Reid (1980-i intrcxbced the tri-tube freeze core 

sampler, based on the same freeze core idea. but u�� three n:bes arranged in a triangular 

fashion approximately 5-7 .5 cm apart to obtain frozen cores that were larger and more 

representative than those obtained \\ith the single tube technique. One advantage of freeze 

core techniques is that the potential exists to show vertical stratigraphy of the substrate if 

distinguishable layers are present (Walkotten, 1973; Everest, et al. , 1982) . .  

The McNeil Core technique represents traditional attempts to sample substrates by 

means of cylindrical tubes or coring devices. The McKeil SaID?ler, originally developed by 

McNeil and Ahnell (1964), was constructed of stainless steel and consisted of a tube that 

extended six inches from the bottom of a larger cylindrjC2l basin. The rube diameter depends 

on the size of the gravel being sampled and varies from fou: to six inches. If the bed 

material is fine grained (e.g. , sands and gra\'els) the ruoe portion of the sampler is d�Yen 

into the stream bed to a depth of appr�ximately six in:hes . 1!.aterial from within the rube 

is excavated and retained in the basin. Once the sampie has been extracted from the rube, 

a water tight cap is placed O\'er the top of the mbe to re:ain the suspended sediments in the 

basin. The suspended material is allowed to settle, and the water is decanted thereby 

retaining the material for gradation analysis. 

Klingeman et al. (1982) developed a ·cookie-cu:rer" sampler to sample river beds 

consisting of predominantly large cobbles and when other types of sampling devices could not 

be used. The "Cookie-�uner· sampler consists of a US 55 gallon drum cut in half around 

the circumference. The section having two open ends is usec. Teeth are cut around the 
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perimeter o f  one end o f  the sampler to enhance its placement into the streambed. To 

complement the drum, an underwater sample box is used to colle-�t fines that are washed from 

the drum during excavation of the sample. The sample box is rectangular, with dimensions 

of 69 cm (27 in) long by 31 cm (1:? in) high by 41 cm (16 in) wide, with one end open. The 

open end of the box is shaped to attach to the drum, while a #200 mesh screen is fastened 

across its downstream opening. The sampler may be operated by one or two persons and is 

driven into the bed. The armour and substrate layers are extracted from the area defined by 

the perimeter of the drum and retained for anal}·sis .  

One of the most common grid sampling methods is the pebble count technique 

(Wolman 1954). Approximately 100 stones are randomly sele-:ted from the surface of the 

stream bed .  The particle axes are measured and the dimensions are recorded under the 

appropriate size classifications. The particle analysis yields a frequency by number size 

distribution curve from which summary statistics. such as median grain size, can be dire:tly 

determined. Individual particles can be-selected using either a grid or transect method� where 

particles under grid points are measured. The panicle selection can also be performed by 

pacing across the bed surf ace and measuring the first panicle encountered under the toe of 

each step. Since the pebble count technique is random. the relative size frequency of any 

given particle size on the be� is approximated by the percentage of times it was encountered 

in the pebble count. According to Kellerhals and Bray (1971), pebble count results are 

theoretically ·equivalent to size dismoutions obtained from bulk samples. 

Grab sampling techniques are the simplest and least expensive methods for sampling 

substrates. The most traditional grab sampling technique requires a shovel to excavate the 

7 



� 

n 

,-' ·1 

,:- 1 
,_ ) 

. ·, 
i _:! 

r'i 

'-- ) 

r' 1 

'- .J 

,�\ -
..... J 

,�·-1 

'-,... . . / 

,.. ,  
\j j 

,..... .,_ 

L i  

,-· ·1 

I 
' 

� i1 

... l 
I • :1 

l..J . • 
� \  

L J  
·."JI/I '11 
_i:1 

L- ¥ 

�
-
�-

L.J 

·:f ' . 

.... , 

substrate material from river bed. Grab sampling methods have proven tc be very relia1'le 

on dry river beds, banks, and under conditions where flow depths are less than 40 cm ( 1 . 3 

ft. ) and velocities are less than 80 emfs (2.6 ft/s) ( Grost. et al . . 1991) .  Outside these limi:s. 

the fine particles are often washed away in the process of excavating the sample (Pens, 1989). 

Fripp and Diplas (1993) developed and tested a new technique for under water 

sampling. The Fripp and Diplas technique requires that the armour layer first be remo\"ed 

using conventional surface sampling methods . .  A cylindrical piston device. with clay on the 

piston, is then firmly pressed onto the streambed drawing the piston up into the cylinder to 

protect and retrieve the sample. The diameter of the cylinder holding the piston is 145 mm 

(6 in). According to Fripp and Diplas (1993), the sampler is applicable for material 

predominantly less than 40 mm (16 in) pi size . 

Development of New Methods 

Drum Sampler 

The particle size range found in gravel and cobble bed streams is usually quite 

variable, consisting of particles from fine sands and silts to large cobbles (i.e. - 0.001 mm to 

- 300 mm). Church et al . (1987) state that it is impractical to maintain a single method of 

measurement to characterize this large variability of grain size. To obtain an accurate 

measure of the entire range of panicles sizes in a cobble bed stream, it often becomes 

necessary to remove large amounts of material to obtain a statistically representative sample. 

Sample sizes obtained with most conventional sampling devices are quite small (usually less 
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than 30 lbs (14 kg) , and a large number of repetitions must be performed to obtain an 

adequate sample size. 

Since the objective is to develop a simple sampling deYice applicable for obtaining 

large samples, yet portable enough for use in remote field applications. a drum type sampler 

consisting of an open ended 30 gallon steel drum, 18 in.(46 cm) in diameter, was selected. 

The closed end of the drum is cut off leaving a drum length of 24 in. (61 cm) . A 

photograph of the sampler is presented in Appendix VI. 

Spatial control in sampling the armour layer is provided by sampling the material 

within the area enclosed by the drum, approximately 244 in2 ( 0.16 m=) .  The drum sampler 

is placed on the stream bed and the armour layer is removed by hand from within the 

sampler. Particles lying under the edge of the sampler are discarded if less than 50 percent 

of the particle exists in the sampling area. The armour layer for this sampling procedure is 

defined as the particles that are exposed to the streambed surface . Field sampling experience 

has shown that biological growth, aufwuchs, commonly found on the surface material is 

useful in discerning the armour layer . The armour layer panicles are removed and retained 

apart from the substrate layer sample. The drum sampler is placed at additional locations to 

obtain the desired sample size. Each consecutive drum placement is sequentially positioned 

upstream of the prior placement in order to minimize disturbance to the sampling area. 

Following the removal of the armour layer at the final drum placement, the substrate 

material is excavated to a depth of 6-12 in (15-30 cm) and retained for panicle size analysis. 

The excavation process involves removing larger particles by hand, digging to loosen the 

material, and removal of the finer material . The sampling tools used to aid in excavation of 
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the bed material include a stainless st�l bowl (six in:hes ·in diameter ( 15 cm) and 2 inches 

deep (5 cm)) and a large prying devi:e used to loosen and remove large panicles. 

Placement of the drum in less than 1 .5 ft (46 cm) of water depth pro\'ides a column 

of water isolated from the current. The fine material suspended in the water column during 

sample excavation can be quantified by sampling the column and performing an appropriate 

laboratory test sue� as hydrometer or visual accumulation tube analysis. Under conditions 

where flow depths are in excess of 1.5 ft, a filter cloth sampling bag was designed for . . . 

placement over the top of the drum sampler in order to contain the sample as it is excavated 

from the bed. The dimensions of the sample bag are approximately 32 inches (81 cm. ) wide 

by 60 inches (152 cm.)long, with a filter mesh size of approximately 0.149 mm. The filter 

material used throughout the development phase was a Mirafi Fabric #ISON. 

The sampling bag is placed over the top end of the drum and secured v.ith an 

adj ustable shock cord . A six inch (15 cm) slot cut into the sample bag at the top of the -

sampler allows access for one ann and/or sampling tools that may be warranted. An 

anchoring system becomes necessary when the sampler is used in submerged conditions when 

flow currents exceed 2.5 ft/s (BO ·cmfs) . Field applications have been tested in depths of up 

to four feet by divers equipped v.ith wetSUits and snorkeling equipment. Sampling in depths 

greater than four feet would require cenified SCUBA divers equipped \\ith oxygen tanks and 

buoyancy control. 

10 
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Stream Substrate Bulk Densit\' 

A technique proposed by Dr. R. T. Milhous was implemented at three of the four 

study sites . The technique utilizes a rigid frame that is pla:ed on a dry section of the stream 

bed , such as an exposed cobble bar or bank, and is considered representative material . The 

frame has inner dimensions of 1 m x 1 m, and is constructed of 2 in (5 cm) x 4 in (10 cm) 

redwood . The armour layer is removed prior to placement of the frame. The frame is 

secured with rebar stakes, and any loose material on the surface of the site is smoothed in�o 

the gaps between the frame and the substrate material . Four mill plastic sheeting is placed 

over the frame and preweighed water is pored into the frame until incipient overflow occurs . 

While water is added to the frame, the plastic is smoothed onto the substrate material to 

minimize air bubbles and pockets of water underneath the plastic. The contained water is 

then removed after recording the total weight of water added . 

Substrate material is excavated from the center of the area en:losed by the frame with 

shovels to form a depression approximaJely 2 ft (61 cm) in diameter and 1 .5 ft (46 cm) deep . 

The material is retained for wei�bing and panicle size analysis . After excaYation, the plastic 

is replaced over the frame and water is added to the frame in a similar fashion until incipient 

overflow is achieved . 

Care is taken during the placement of the plastic . to minimize sampling errors. 

Potential measurement errors are: 

1 )  Error ·in estimating the weight of water needed to fill the bulk density frame using 
a 1 kg graduated hook scale was ± 0.2 kg. 

2) Error in estimating the weight of water needed to fill the bulk density frame using 
an Ohaus gram balance was ± 0.02 kg. 

1 1  
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3) Error in the water volume estimate due to the s urface roughness under the plastic is 
estimated at ± 0. 25 kg. 

4) Error iri estimating the point at which the addition of water caused overflow of the 
bulk density frame. The estimated variability of the water surface at the point of 
overflow was ± 2 mm. which converts to ± 2000 ml or ::: 2 kg for a 1 m= frame 
area. 

The total potential cumulative errors that could occur are ± 2.45 kg (5.4 lb) and ± 2.27 kg 

(5. 0 lb) for the hook scale and gram balance,  �espectively. These errors in weight estimation 

. convert to volumetric errors of 2.5E-3 m3 (8. 7E-2 ft� ) and 2 .3E-3 m3 (8.0E-2 ft�), 

respectively. 

The volume of the excavated depression is detennined by subtracting the initial \\'eight 

of water required to fill the frame from the final weight, and then convening the weight to 

a volume. This procedure assumed the unit weight of water to be 62.4 lbs/ft: ( 1000 kgs/m�). 

The resulting bulk density of the insitu material can then be calculated from: 

where: 

w t 
P'c = V 

Pb = bulk density of in situ material 

W d = dry weight of excavated material 

V = volume of excavated depression 

12 
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The dry weight of the excavated material is obtained from the laboratory analysis. Due to 

the potential errors in volume estimation, the bulk density for each study site is estimated 

within a specified range, which is dependent upon the magnitude of the estimated error. 

Determination of bulk density at each study site is perf onned with the objective of 

defining an index that could be useful in studying the looseness of stream bed material . The 

potential for estimating density effects on the stability of bed material introduces a concept 

that may be useful in sediment .transport studies. One means of estimating the streambed 

density is by determining the void ratio of the substrate material. The void ratio is 

calculated as: 

where: 

Grid Sampling 

e = void ratio 

e = Pb 
YwGs 

'Yw = unit weight of water. 62.4 lbs!ft3 < 1 000 kgs.-·m3) 

G5 = specific gra,ity (dete:mined from laboratory analysis) 

(2) 

Grid sampling involves the removal of stones, usually by hand, which are found at 

specific points defined by a grid or transect layout. The grid or transect layouts can be 

established by placing wire or string in perpendicular orientations at equal spacings and 

sampling the stone at each intersection point using predetermined distances on a surveying 

tape, or by simply pacing off a predetermined distan:e sampling the stone under the sampler's 

1:  
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toe after each pace. 

Grid sampling is random and the relatiYe frequen:y of any given particle size on the 

bed is approximated by its percentage of occurrence in the pebble count. According to 

Kellerhals and Bray ( 1971) pebble count results are theoretically equivalent to size 

dis tributions obtained from volumetric samples . Size distribution gradation curves for pebble 

count methods are developed by placing the panicle median axis measurements into classes . 

The percentage of particles that are finer than each size class is detennined by summing the 

total number of particles fine� than each size class and dividing by the total number of 

particles sampled. The resulting gradation curves can then be plotted. Since volumetric 

sample analysis is usually based upon particle weights, it is desirable to convert these 

gradation curves to a weight distribution analysis for purpose of comparison to volumetric 

analysis results . The conversion from frequency to weight is accomplished by detennining 

the weight of each sampled panicle as well as the total sample weight. Knowing the specific 

gravity of the sample, determined froµi lab analysis , and the three axes. the weight of a 

particle can be estimated assuming an elliptical shape. The ,·olume of a panicle is then 

computed as : 

4 V = -nbc (3) 

where: V = estimated volume of panicle 

a, b, .c = lengths of the three panicle axes 

14 
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Furthennore, the weight of each panide is calculated_ as : 

where: 

W = V,.,_. G 
, y, s 

W = estimated weight of panicle 

'Y w = unit weight of water 

G5 = specific gravity of material (determined from lab analysis) 

(4) 

Therefore, the size gradations curves are generated by dividing the total weight of particles 

finer than each particle size, and dividing by the total calculated sample weight. 

Surface Material Samples 

A variety of surf ace sampling techniques were investigated at the test sites to 

determine a method that is successful in quantifying and characterizing the fine bed material 

that is transported by the flow.  The methods examined are summarized. 

1 )  Hydraulic dredging of the surface material was performed by using the drum sampler 

to isolate a portion of the bed from the stream flow, and removing the surface material 

from the area enclosed by the drum. The specific hydraulic dredging technique used 

consisted of an electri7 drill powered centrifugal pump, with a 5/8 in (1 .59 cm) ID 

intake hose . However, the ports on the pump were only 2-3 mm in diameter. The 

drum was placed on a section of the stream beet the intake hose was moved over the 

surface area defined by the drum. and a slurry sample was collected. 

15  



'� 

,7 

r· 1 

..-·7 
- J 

'7 

r7 . 

- ) 

' l  

_ J  

r , 

! 
,...7 
L 

,--

·.__ 1,  

,-7 

L J  

- ,  
I 

!...._ _J 

--- l 

t....J 

! 
,-- ) 

I 
�- J 

,. -: 

L j  

'­

� 

' 

L . .  

. -t 
,_ -�, 

L...J 

� �  
i 

\._} 

2) A swirl sampling technique was developed for conditions where minimal amounts of 

surface material are present and scoop techniques are not applicable. Swirl samples 

are obtained by placing the sampling drum on the streambed and then stirring and/or 

agitating the water column to force the surface material into suspension. A venically 

integrated sample is obtained using a one quan Nalgene bottle. The suspended sample 

was retained for laboratory analysis. 

3) . The dredging and swirl sampling techniques were �d in situations where the surface 

material was so minimal that a grab sample could not be obtained by hand. When 

sufficient amounts of surface material allowed a grab sample to be obtained, the sample 

was taken from an area isolated by the drum or in the lee of a large roughness element. 

The surface material was collected in ziplock bags and retained for laboratory analysis. 

Phot01zraphic Sampling 

Photographic sampling utilizes an under water camera which can be submerged to 

record the particle size distribution of the streambed. A grid or scale is required to quantify 

the particle sizes. Testing of photographic sampling techniques was perf onned at one srudy 

site. It was determined that funher development of the technique is required for it to be 

adequately tested in the field. 
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Description of test sites 

Four test sites were selected following a joint evahution of candidate sites by the t;. S .  

Bureau of  Reclamation and the U .  S .  Fish and Wildlife Service. Criterion for potential test 

sites included the following: 

1 )  Cooperation of river management organizations. 

2) Applicability to developmental research (e.g .  gravel and cobble bed rivers) 

3) Availability of data from previous sampling srudies (e.g . ,  freeze core sampling) 

The four test sites selected for sampling were; 

1 )  North Plate River, downstream from Gray Reef Dam, Wyoming 

2) Gunnison River, between Delta and the Redlands Dam, Colorado 

3) Rio Chama River, between El Vado Dam and Abiquiu. New Mexico 

4) Stanislaus River, between Knights Ferry and Oakdale. California 

Prior to sampling at the four sites, a training session was conducted on the Poudre 

Riyer, near Fort Collins, Colorado, by Dr. R. T. Milhous. Colorado State University 

representatives were familiarized with the drum sampling and the bulk density sampling 

concepts . Sampling procedures were conducted at the four test sites during the following 

time periods :  

1 )  North Plane River 

2) Gunnison River 

3) Rio Chama River 

4) Stanislaus River 

A description of each test site follows. 

August 17-20, 1992 

January 19-2�, 1993 

February 8-10, 1993 

March 15-19, 1993 

1 7  
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North Platte 

The North Platte test site is located neat Casper. Wyoming, below the Grey R�f 

Dam. Three study locations were selected that correspond to three study sites being used for 

flushing flow studies by Dr. T. A. Wesche from the University of Wyoming. The three sites 

will be referenced as: 

1 .  Upper or Grey Reef Site 

2. Middle or Cottonwood Site 

3 .  Lower or Boat Ramp site 

Topographic maps showing the locations of each test site are presented in Figures 1-3. 

Additional information regarding exact sampling locations is included in Appendix I .  

Flow conditions during field tests : 

• Flow rate (8/18/92) = 541 cfs_ 

• Flow rate (8/19/92) = 788 cfs 

• Flow rate (8/20/92) = 800 cfs 

• Maximum sampling depth = 3 .7 ft. (8/18/92) ( 130 ft. south of gaging station) 

18 
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Gunnison River 

The test site on the Gunnision River is located approximately :?0 miles south of Grand 

Junction, Colorado along U.S.  Highway 50 . A topographic map of the study reach is 

presented in Figure 4. The reach is divided into 19 cross sections. displayed in Figure 5, 

which were established by the U.S. Bureau of Reclamation. 

River bed samples were taken at cross sections 6, 7, and 13 . The river is accessible 

by ve.hicle near cross section 8. from which the other cross sections can only be accessed by 

boat or foot. A 14 ft. aluminum boat was used to �ansport sampling equipment to the study 

locations as well as hauling the bed material samples back to the vehicle. 

For additional "information regarding specific sampling locations refer to Appendix I. 

Flow Conditions during field rests: 

• Flow Rate (Jan.20) = 1140 cfs (32 ems) (gaging station at Whitewater) 

• Flow Rate (Jan. 21) = 1050 cfs (30 ems) (gaging station at \Vhitewater) 

• Maximum flow depth at sampling locations = 3 .5 ft. (1. 1 m) (X-Section 13) 

• Water temperature = 36c:F 

• The turbidity was mild with water visibility around 1 foot (0 .3 m) . 
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Rio Chama 

The Rio Chama River is located in northern New Mexico approximately 60 miles 

south of Alamosa, Colorado. Flows in the Rio Chama are goYerned by control1ed releases 

from El Vado dam. Minimum flows of 150 cfs are generally maintained from mid-September 

to mid March to support the reproduction of the brown trout and maintain the overall aquatic 

habitat stability. The two study sites selected for sampling were located 1 .2 and 30.3 ri\'er 

miles downstream from EI Vado dam. The section at mile 1 .2 was selected for study to 

compare results with earlier studies that had been perfonned using freeze core and Hubble 

sampling devices. Data from one prior study, perfonned in 1992, was obtained from Mr. 

James L .  Fogg of the Bureau of Land Management and is included in Appendix V. 

The downstream section at river mile 30.3 was selected to study the variation in river 

bed characteristics between the upsrream and downstream reaches. Previous freeze core and 

Hubble sampling had been performed at other sites that were of interest , but those sites could 

not be accessed due to impassible road conditions resulting from snov-melt. Figure 6 presems 

a plan view of the Rio Chama study area while Figures 7 and 8 display more detailed 

topographic maps of the specific test sites. 

Flow Conditions during field tests: 

• Flow Rate (Feb. 9) = 285 cfs ( 8. 1 ems) 

• Maximum flow depth at sampling locations = 2 ft. (0.6 m) (River mile 1 .2) 

• Water temperature = 38=F 

• Turbidity at mile 1 .2 was very low (river bed was clearly visible) 

• Turbidity at mile 30.3 was high due to siltation from tributaries. 
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Figure 6 .  Plan view of Rio Chama study �...a 
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Stanislaus 

The study area on the Stanislaus river is located between Knights. Ferry and Oakdale. 

California. The study area, shown in Figure 9, is included in the Stanislaus River park 

system which is managed and regulated by the U. S ..  Anny Corps of Engineers. Sampling 

procedures were perf onned at three locations along the study reach. Two substrate sampling 

procedures were performed, one pebble count · was conducted and one bulk density 

determination was p�rfonned. Each -of the sampling locations was selected by Dr. R. T. 

Milhous. A topographic map of the specific test sites is presented in Figure 10. The three 

sampling sites are located in an area known as Honolulu Bar, and were ac:essed by foot from 

the Honolulu Bar picnic area. Transect locations across the study rea:h were previously 

established by the U. S .  Fish and Wildlife Service. The substrate sampling test sites were 

located and referenced according to the transect locations. Specific locations of the three test 

sites, bulk density sample, and the transects established by the U .  S. Fish and Wildlife 

Service are included in Appendix I . 

Flow Conditions during field tests : 

• Flow Rate (March 16) = 200 cfs (5 .7 ems) 

• Maximum flow depth at sampling locations = 3.5 ft. (0. 9  m) 

• Water temperature = 40°F 

• The turbidity was low, water visibility was approximately 2-3 feet (0.6-0.9 m) . 
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Analysis and Results 

Throughout the field testing program the annour. substrate an.:! surface material 

samples collected at each test site were retained and delivered to soils laboratories for 

analysis. Particle size analysis for all the size fractions as well as specifi.: gravity analyses 

were requested. The dry weight for each sample was recorded, including the bulk density 

sample weight. 

The weight of each collected sample is imponant with regard to statistical error 

analysis. Adequate sample weights are directly proportional to the size of the largest particles 

occurring in the bed material being sampled. The greater the particle sizes present in a river 

bed, the larger the sample size needed to obtain a representative sample of the large parti:le 

size fractions. Researchers have conducted empirical investigations to quantify adequate 

sample weights and determine errors that result when adequate sample sizes cannot be 

obtained. Comparisons of the results from ea�h field site are presented in the following 

sections, including suggested sample siz.es and error �lysis. bulk density .:omparisons,  g::id 

sampling results , and surface material sampling results. In additior.. results from the drum 

sampling method are compared to "results from previous _testS performed v.ith a tri-rube freeze 

core sampler. Results from the field sites , as received from each laboratory, are presented 

in Appendix II. The range of panicle sizes sampled varied from less than 0.001mm (0.004 

in) to 315 mm (12.4 in) 
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Comparison of test sites 

Size distribution characteristics DlO. D 16, D35 , D50. D65 . and D84 are summarized 

for the armour layer and substrate gradation analysis results in Tables 2 and 3 respectively. 

The Rio Chama River armour layer samples displayed the largest overall panicle size 

distribution, while the Stanislaus armour layer samples resulted in the smallest panicle sizes. 

The substrate sample results varied widely for each river ranging from a D10 of 0.22 mm to 

a D85 of 105 mm. 
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Table 2 .  Armour layer size distributions 

River North Platte River 

Upper Middle Lower 

� J 

Cross 
Grey Cottonwood Boat Section 

Location Reef Site Site Ramp Site 6 
(nun) (mm) · (mm) (111111) 

DIO  60 52 3R 56 

D l 6  62 63 42 72 
D35 7 1  8 1  70 93 · 
1)50 80 88 83 I OR 
D65 89 92 1 02 1 23 
1)85 98 105 105 14 1 

�- J .  L _: 

Gunnsion River 

Cross Cross 
Section Section 

7 13  
(mm) (mm) 

35 37 
49 42 
82 56 
96 7 1  
109 87 
126 1 10 

:M 

r 1 
'-- ---1 

Cross 
Section 

1 3  
(mm) 

43 
5 1  
78 
9R 
1 1 8 
144 

· - · · '  .. t,e41\ . ..  ' _., . . . . . .  . 

i - � J '  L --1 L_ _J  f -��- _J � -� 

Rio Chama River Stanislaus River 

River River Near Island 
Mile Mile Cross Cross 

1 .2 # 1  1 .2 #2 Section 1 Section 
(mm) (nun) (mm) (nun) 

54 2 1  4R R.4 
63 3 1  64 1 1  
1 10 58 l l 7 1 6  
1 20 290 1 55 2 1  
1 50 300 1 75 29 
1 80 320 1 97 45 
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Tahlc 3 .  Suhstrntc size <listrihul ions 

River North Platlc R iver 

Upper M ic.le.lie 
Grey Cottonwood 

Locat ion Reef Site Site 
(mm) (mm) 

D lO 0.22 0.46 
1> 1 6 0.3 1 0.90 
1)35 4.0 4.2 
1 )50 1 4  1 1  
065 35 2 1  
D85 62 90 

Lower Cross 

Boat Sect ion 
Rmn1, S ite (> 

(mm) (mm) 

O. R t· 0.47 
1 . 2 0.79 

5 . 2  7 .4 
1 1  1 5  
23 28 
54 64 

--· - -· ........ ·- - - · ·-- -·· -

Gunnsion River 

Cross Cross 
Section Sect ion 

7 1 3  
(mm) (mm) 

0.94 0.3 1 

3 0.84 
1 2  5 .4 
25 12  
5 1  22 
105 43 

35 

r r 
'- _., J-�-y � f,  1 _ _  

----> L--- . .--4 
7. 

.....i _ J  

Rio Chama River Stanislaus River 

Cross .River River Near 
Mile Mile Island Sect ion 1 .2 30. 3  Cross 

Cross 1 3  # 1  #2 
Section Sect ion (mm) (mm) (mm) 1 

0.49 0 .70 0.63 1 . 0 0.54 

1 .0 1 .0 1 .0 9.5 1 .0 

1 2  6.7 4.3 1 3  8 .6 
23 14 12  22 1 6  
43 2 1  33 36 27 
89 45 73 1 05 5R 

� _.=]  
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Sample Size and Error Analvsis 

The sizes of substrate and armour layer samples obta�d from each test site were 

determined by the amount of material that could practi:ally re extra�ted and transponed 

from the sampling site . The volume of material sampled is an important factor in 

determining statistically significant conclusions. Recommendations addressing minimum 

sample size have been presented by several authors. De Yries (1970) conducted experiments 

using natural sand mixtures to derive empirical functions for use in estimating relative errors 

with respect to sample size. De Vries' analysis, based upon statistical theory, leads to an 

empirical analysis that detennines several frequency by number to volumetric conversion 

constants. The required sample mass, according to his analysis. can be derived from: 

where : 

M = f3PPi
3 

r;pi 

{3 = 0.8 volumetric conversion constant 

Ps = density of sand (2650 kg 1m3) 

(5) 

D? = median _panicle size between sieves bounding size fraction (mm) 

r/ = relative error 

Pi = error of the probability 

The design of the required mass is based upon the composition of the bed and the particle 

fraction of interest .  For characterization of the coarse end of the grain-size distribution, De 

Vries defined D84 as an appropriate large size upon which to base an estimate of required 

sample size. Figure 11 presents design guidelines used by DeVries (1970) for natural 
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sand. considering three levels of accu.-acy . The three levels of accuracy are : 

high a�uracy rr: = 1 � -

normal accuracy - rr: = 3 Sc. 

low accuracy rr: = 10� ,  

rp.1'1 = 1 o-� 
rr:l'i = 104 

rp:l'i = 10-3 

DeVries's analysis is based upon studies with fine gravel mixtures, with density, Ps = 2650 

kg/m: . Extrapolation of De Vries's analysis for application to larger gravels and cobbles 

requires that very large quantities of material �e collected . For example. to obtain a 

representative sample at an intermediate level of predsion of a material with a D84 equal to 

100 mm (3 .9 in), a sample size of approximately 2000 kg (4409 lbs) is suggested . Table 

4 summarizes suggested sample sizes and relative errors for the four project study sites 

according to DeVries (1970) .  

Church et al. (1987) provided alternative recommendations for detennining minimum 

sample weight based on an empirical investigation. Replicate analyses were perf onned with 

a single gravel mixture, to study sampling variability and stability of the standard deviations . 

Proposed estimates for recommended minimum sample sizes are based on the percent of 

sample weight in the largest stone, as presented in Figure 12 . Corresponding coefficients 

of variations fo: variations in sample size with size of the largest panicle size are presented 

in Figure 13 . 

Sample sizes collected at each p:oject test site were based on the amount of material 

that could be practically carried from the site. and according to estimates by Dr. R. T. 

Milhous of adequate sample sizes. The sample weights and corresponding particle 
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· characteristics were evaluated according to sample size standards suggested by De Vries 

(1970) and Church et al. (1987). Summaries of suggested sample sizes and the corresponding 

errors are presented in Tables 4 and 5. Suggested sample sizes ranged from 4 to 10,000 kg . 
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Figure 12. Determination of sample size according to Church et al. (1987) 
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Table 4. Suggested sample sizes and relative errors for samples collected at project test s ites, according to DeVries ( 1970) 
Required Required Required 

Test Sample Sample Sample Relative Relative Sample Sample Mass Sample 

Site Location Type Weight Weight D50 Error in D84 Error in Mass low nonnal Mass High 
(lhs) (kg) (mm) D50 (mm) (D84) accuracy accuracy accuracy 

(kg) (kg) (kg) 
North Plntte Grey reef Armour 1 2 1 . 2 54 .98 80 0.020 98 0. 1 9 1  200 22 17  1 9953 
North Platte Cottonwood Armour 1 22 . 7  55 .67 88 0.026 1 05 0 .2 1 0  245 2727 24542 
North Platte lJoal Ramp Armour 92.4 4 1 .92 83 0.029 105 0.242 245 2727 24542 
North Plat te Grey reef Suhst ralc 1 63 . 5  74 . 1 5  1 4 . 0.000 62 o.rnn 5 1  56 1 505:l 
North Platte Cottonwood Substrate 109 . 1 49.48 1 1  0.000 90 0. 1 77 1 55 1 7 1 7  1 5455 
North Platte Boat Ramp Substrate 1 14 .8  52.06 1 1  0.000 54 0.080 33 37 1 3338 
Gunnison X-Scct ion 6 Armour 173 . 6  78 .74 l OR o.o:M 1 4 1  0.275 594 660:l 5'>'12R 
Gunnison X-Scction 7 Armour 1 1 8 .0 53 .54 96 0.035 1 26 0.28 1 424 47 1 2  42408 
Gunnison X-Scction 1 3  Armour 123 . 7  56. 1 2  7 1  0.01 4  l J O  0.224 282 3 1 35 282 1 7  
Gunnison X-Scclion 1 3  Armour 1 57 .5  7 1 .43 98 0.028 144 0.298 633 7034 63303 
Gunnison X-Scct ion 6 Substrate 1 74 . 5 79 . 1 7  1 5  0.000 64 0.084 56 6 1 7  5551 
Gunnison X-Section 7 Substrate 1 65 .7 75 . 18 25 0.000 105 0. 1 8 1  245 2727 24542 
Gunnison X-Secl ion 1 3  Suhstrate 1 48 .5  67 . 36 1 2  0.000 43 0.050 1 7  1 87 1 686 
Gunnison X-Section 1 3  Substrate 73 .6  33 .40 23 0.00 1  88 0.208 144 1605 1 4447 

Rio Chama River mile 1 .  2 · Annour I 1 4 1 . 3  64 .09 1 20 0.057 1 80 0.439 1 236 1 3738 1 23638 
IUo Clumm R iver mile 1 . 2 Armour 2 1 2 1 .  I 54 . CJJ 290 0.94 1 320 1 . 1 25 6947 77 1 87 694<>Kl 
Rio Chama River mile 1 .2 Substrate I 1 08 . 8  49 . 35 14  0.000 . 45 0.063 1 9  2 1 5  1 932 
Rio Chama River mile I . 2 Suhslrnle 1 I 02 . 2  46 .:\6 1 2  O. <XK> · 73 0. 1 :13 R2 '> 1 6  H247 
Stanislaus X-Scct ion I Armour 1 76 . 2  79 .9() 1 55 0.099 1 75 0. 377 1 1 36 1 2624 I 1 36 1 9  
Stanislaus Island XS Armour 28 .6  1 2 .96 2 1  0.002 . 29 0.063 5 57 5 1 7 
Stanislaus X-Scction l Suhstratc 287 .7  I 30 .5 1 1 3  0.000 36 0.028 . 1 0  1 1 0 <JR9 
Stanislaus Island XS Suhslrntc 2 1 KA 99 .07 8 .6 0.000 21· 0.02 1 4 46 4 1 7  
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Table 5 .  Suggested sample sizes fo r  samples collected a t  project test sites, according to Church et al . (1987) 

Test Sample Smnplc Axis of largest 

Site Locat ion Sample Type Weight Weight particle 
(lhs) (kg) (mm) 

North Platte Grey reef Armour 1 2 1 . 2 54 .98 1 39.7 
North Platte Cottonwood Armour 1 22 .7  55 .67 1 52.4 
North Platte �oat Ramp Armour 92.4  4 1 . 92 127.0 
North Platte Grey reef Substrate 1 63 .5 74 . 1 5 1 0 1 .6  
North Platte Cottonwood Substrate 109. 1 49.48 127.0 
North Platte Roal Ramp Suhstrnlc 1 1 4 .R  52.06 1 0 1 .6 

Gunnison X-Scction 6 Armour 173 .6 78. 74 1 77 .8  
Gunnison X-Scction 7 · Armour 1 1 8 .0 53 . 54 1 39.7 
Gunnison X-Scct ion 1 3  Armour 1 23 . 7  56. 1 2  1 27 .0 
Gunnison X-Scct ion 1 3  Armour 1 57 .5  7 1 .43 1 52.4 
Gunnison X-Sccl ion 6 Suhstrntc 1 74.5 79. 1 7  76 .2  
Gunnison X-Section 7 Substrate 165 .7  75 . 1 8 1 27 .0 
Gurmison X-Sccl ion 1 3  Suhslrntc 1 48 .5  67 .36 88 .9 
Gunnison X-Scction 1 3  Substrate 73 .6 33 .40 120.7 

Rio Chama River mi le 1 . 2 Armour 1 1 4 1 .3 64.09 2 1 3 .4  
Rio Chama River mi le 1 .2 Armour 2 1 2 1 . 1  54 .93 3 1 3 .9  
Rio Chama River mile 1 .2 Substrate l 1 08. 8 49.35 1 0 1 .6  
Rio Chama River mi le 1 .2 Suhslrnlc 2 1 02.2 46.36 1 52.4 
Slanisluus X-Sccl ion I Armour 1 76.2 79.90 228.6 
Stanislaus Island XS Armour 28.6 1 2 .96 76.2 
Stanislaus X-Scction I Suhslrnlc 2R7 .7  1 30.5 1 1 77 .R  
Stanislaus Island XS Suhstrntc 2 1 8 .4 99.07 1 52.4 

- --· --
pie size sugg 
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Suggested 
Sample size 1 

(kg) 
4000 
48(X) 
2800 
1 400 
2800 
1 400 
80(X) 
4000 
2R(K) 
48(X) 
600 

2800 
950 

2400 
> l()(K)() 

> 1 0000 
1 400 
4HOO 

> I ()()()() 
600 

ROOO 
4ROO 
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Bulk Densities and Void Ratios 

The bulk density sampling process was performed at three of the four river srudy 

sites ; the North Platte, Gunnison and Stanislaus rivers. The lack of an exposed bar or bank 

resembling the bed material under study restricted the field crew from obtaining a bulk 

density sample from the Rio Chama test sites . The locations of the bulk density sampling sites 

are presented in Appendix I, and photographs of the application of the bulk density 

technique at each site is presented in Appendix VI. The resulting bulk density ranges 

computed from the sample weights, hole volumes, and error estimations for the Nonh Platte, 

Gunnison, and Stanislaus rivers were 138-167 lbs\ft'(2.2-2.7 g/cm�), 135-207 lbs/ft3 (2.2-3.3 

g/cm3) ,  and 1 1 1-137 lbs/ft' (1.8-2.2 g/cm3) ,  respectively. 

Void ratio ranees were calculated from the resultim� bulk densit\' ranees and the .... ,._. . .... 

specific gravities of the samples determined from the laboramry analyses. A summary of the 

bulk densities and void ratios for the project srudy sites are presented in Table 6. The bulk 

densities were determined for the coarse and fine parti:Ie size fractions which were 

differentiated by the material passing and retained on a t:S Standard Series #4 sieve. It 

should be noted that two calculated lower bound values of the void ratio ranges resulted in 

negative numbers, as indicated in Table 6. These results cL�ote that the potential sampling 

errors in measuring bulk dens�ty exceed the sensitivity required to measure the void ratios of 

the substrate material . 
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Tahlc 6. Summary of hulk densit ies and void ral ios for tcsl s ites 

Pos�ihlc Lower 
bound Volume of Sample Error in of hulk River depression Weight Volume density (fl"3) (lhs) Esl imal inn pcf 

North Plat te 0.89 1 34 .3  0.0() 1 37 .46 
. Gunnison 0.38 62.07 . 0.08 1 34 .93 
Stanislaus 0.75 92. 1 1  0.08 1 1 0.98 

tdo Chauut1 

., r 
..-,- .... I... 

Upper 
bound 

or bulk . 
density 

pcf 
1 67 .25 
206.90 
1 37 .48 

1 7 
,, � 

Bulk 
Speci fic 
Gravity 

- #4' 

2 .52l 

2 .54 
2 .70 
2 .50 

_J _ .  

Bulk 
Specific 
Gravity 
+ #4' 

2 .s2z 
2.59 -
2 .67 
2 . 5 1  

7 . . . I l 
'-- __J· _...J 

Lower 
hound 
of void 

ratio 

-0.0598 
-0.2339 
0.2255 

1 Specific gravities were dctennined for material both retained on and passing a US Standard series #4 sieve 
2 l .ahoratory analysis not perfonncd , value csl imatcd hy Dr. R. T. M ilhous 
·' Uulk density dctcnnination was not performed <luring the Rio Chama field trip 
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Grid Samples 

Grid sampling techniques were perf onned during the srudy at rwo test sites to 

determine the gradation of the armour layer. The pacing technique. Wolman walk method 

(Wolman, 1954) , was used on the Rio Chama River, at the test site located 30.3 miles 

downstream of El Vada dam. The sampling area was approximately· forty feet long and 

encompassed the entire river width of about sixty feet; the reach was classified as a riffle 

zone. The average depth across the section was approximately two feet. High turbidity 

limited visibility of the bed. One hundred panicles were sampled by pacing across the 

section. The sampler retrieved each panicle that was found beneath their toe after each 

pace . A hand tape was used to measure the three axes of each panicle once it was removed 

from the bed. When large particles, which could not be removed from the bed, were 

encountered, the two exposed axes of the particle were measured in place. 

The second of two grid sampling techniques was performed along the secondary 

channel of the Stanislaus River study _ location. A 100-foot fiberglass tape was stretched 

diagonally across the dry channel bed. The major ,  intermediate. and minor axes of each 

particle lying under an even foot mark of the tape were measured. A total of 100 panicles 

were measured. To allow comparison of the frequency by number and frequency by weight 

distribution, both are presented for each grid sample in Figures 14 and 15. 
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Surface Material Samples 

At each test site, one of the three surface material sampling techniques described 

above was investigated. For the test sites at which the sampling procedures were successful .  

samples were retained for panicle size analysis, otherwise observations concerning problems 

with the technique were recorded. 

The hydraulic dredging technique was tested at one of the North Plane test sites. The 

apparatus appeared to perform adequately in removing the material from the bed surface, but 

due to the small opening of the pump (2-3 mm), the intake manifold was easily obstructed. 

Observations noted that a pump with a larger intake would improve the technique, but the 

suction power of the pump would need to be regulated so tha� only the fine surf ace material 

was collected. Due to the problems experienced with the dredging device samples could not 

be collected for particle size determination. 

Swirl sampling techniques were tested at several locations along the Gunnison, Rio 

Chama, and Stanislaus rivers. The te�ting of this technique was limited to flow conditions 

where the drum sampler was not submerged. The water column isolated by the drum was 

generally agitated by hand by swirling and stirring the water for several seconds before 

collecting a sample. Verti�ally integrated samples were collected from the drum using 1 

quart Nalgene bottles, having an opening diameter of approximately one inch (2.5 cm) . The 

swirl samples were retained and delivered to the U. S. Bureau of Reclamation Soils 

Laboratory in Denver, Colorado! for furure analysis. 
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Grab samples of the fine surface material were taken at the test sites where :nough 

material was present to collect a sample, either with a small bowl or scoop . Table 7 presents 

the results for the grab samples that were obtained . 
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Table 7.  Summary of surface material sample results 

River North Platte River 

Upper Middle Lower 
Grey Reef Cottonwood Boat Ramp 

Location 
Site Site Site 

(mm) (mm) (mm) 

0 10 0.40 NA NA 
D16 0.50 NA NA 
035 0.69 NA 0. 10  
050 0.86 0.003 0. 1 2  

065 1.1 0.006 0. 1 8  

085 1 .4 0.014 0.21  

NA = not available from laboratory analysis 

r 1 r - 1 
...__ .i ..___ -I 

r- 1 ' 7 
'- - _, 

Gunnison River 

Cross Section Cross Section 
13  13  

Main Secondary 
Channel Channel 

(mm) (mm) 
0.001  NA 
0.004 NA 
0.02 1  0.004 

0.05 0.009 

0.07 0.047 

0.27 0.072 

5 1  

r 1. � _ J - '.__ _ _J · •  '._ � 

Rio Chama 
Stanislaus River 

River 

River Mile Island Near Cross 
30.3  Cross Section 1 
#2 Section 

(mm) (mm) (mm) 

0. 15  0. 18  0. 18  

0. 17  0.21 0. 19  

0 .32 0.40 0 .30 

0.50 0.72 0.38 

0.60 6 .2 0.47 

0.90 10.3 0.56 

L _ _ _  � 
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Compari�n With Freeze Core Sampling 

One test si:e location along the Rio Chama river was selected from previous freeze 

core sam;,ling locations established approximately one year prior to the Rio Chama field 

study. The site was selected to allow comparison of the drum and freeze core sampling 

methods. The freeze core sampling was perf onned by the U.S. Bureau of Land Management 

in October of 1991 .  Although the testing procedures were not performed at the same time, 

the results can be viewed in order to COD}pare the sampling range of each sampler. The 

gradation analysis results for the a.nnour and substrate layers for each sampler are presented 

in Figures 15 and 16. It should be noted that the freeze core sampling procedure separated 

the bed material in 10 cm increments instead of differentiating between the armour and 

substrate layers . For comparison purposes the results from the upper 10 cm sampled with 

the freeze core sampler are plotted against the armour layer · sampled with the drum sampler 

(Figure 16). Similarly, the 10-20 and 20-30 cm increments sampled with the freeze core 

sampler are plotted against the substrate material sampled with the drum sampler (Figure 17) .  

A.s obserYed in Figure 16. the drum sampler obtained panicles much larger than 

those obtained v.ith the freeze core sampler. Although these samples were taken 

approxi.m2.tely one year apart and the bed chara:teristics may have changed over time� the 

possibility that the large particles sampled by the drum sampler were not present along the 

sampled reach a year earlier is not likely. The differences observed appear to support 

conclusions made from previous studies with freeze core samplers. Several authors observed 

that large particles are often under sampled with the freeze core samplers (Pens, 1989; 

Thomas, 1992; Young et al. , 1991) . 
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Figure 17 illustrates very close correlation between the substrate sampling results 

obtained from the drum and freeze core samplers . The differences in median grain size, D50 • 

among the samples is approximately 5 mm, while the variation in D� is approximately 60 

mm. The freeze core laboratory analysis data is included in Appendix Y. 

Observations 

Throughout the procedures perf onned during the field studies, observations were 

inade regarding each sampling deYice and technique. The comments are summarized 

according to each sampling technique and summarized. 

Drum Sampling 

1 )  An adequate anchoring system must be designed to stabilize the drum for sampling in 

velocities greater than 2 ft/s and:or _flow depths greater than 2 ft. 

2) The filter cloth sampling bag functioned well in retaining most of the fines of the sampled 

material, but further investigation should be perf onned to quantify the amount and panicle 

size of the fines that may be lost. 

3) The drum sampling technique proved to be applicable for sampling in flow depths less 

than four feet. Drum sampling in depths greater than four feet without the assistance of 

certified SCUBA divers is not advised. 

4) A crew of three perso� is recommended for sampling in unsubmerged conditions, while 

an additional person is required when sampling in flows where the sampling drum 
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becomes submerged. 

5) Full wetsuits are necessary for sampling in water temperatures greater than 38 degrees 

Fahrenheit" ( 3 . 3°C) . Dry suits are recommended for sampling in water temperatures 

lower than 38°F. 

Bulk Density Determination 

1) The error potential that exists during the bulk density determination process is excessive. 

The method used to determine the volume of t)le excavated depression requires refinement 

to minimize errors. 

2) Transporting a balance to the field sites proved to be difficult and potentially dangerous 

when traversing a river. Other means of determining the water volumes, such as a 

calibrated volumetric container, should be investigated. 

Surface Sampling 

1 )  The swirl sampling technique has potential, but a standardized method of inducing a 

known shear stress on the bed requires development. The technique of agitating the water 

is variable and cannot be consistently reproduced. 
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Summan-

The development and testing of sampling techniques was perf onned at test sites along 

the �forth Platte, Gunnison, Rio Chama, and Stanislaus rivers . The objectives were to develop 

techniques to map the particle size distribution on the stream substrate surface, to quantify 

material in transport over the stream surface, and to describe the panicle size distributions 

of the stream armour and substrate layers. 

The drum sampling technique uses a 24 inch length of a 30-gallon drum, with both 

ends cut out, to sample the armour layer and substrate layers in rivers where large gravels 

and cobbles are predominant . The sampling method is applicable for both submerged and 

unsubmerged conditions. Approximately three to four field crew members were required to 

carry out the sampling operations. Normally, one crew member perfonned the sampling, 

while the others stabilized drum sampler and transponed the samples to the shore. 

Experimental modifications were added to the drum sampler, to attempt to trap the fine 

pani:les that are washed away during. sample excavation when the drum sampler is 

submerged. The modification demonstrating the most potential was a filter cloth sampling 

bag designed to slip over the top drum sampler, allowing one arm and any needed sampling 

tools to be inserted into a six .inch slot cut in the bag at the top of the drum. The material 

is transferred into the bag as it is excavated. Following each sample ! the filter cloth bag is 

carried to shore and the sample is transferred into storage sacks. Th: filter cloth sampling 

bag was evaluated in flow depths up to four feet and exhibited great potential as an under 

water sampling aid. However, additional testing is recommended, to evaluate the amount or 

percentage of the fine material that is lost or that becomes entrained in the filter fabric mesh. 
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The drum sampling technique was tested at a total of 10 locations. along four river 

study reaches . Submerged sampling was experimented with at 3 of the 10 test sites . A 

maximum of two samples were obtained from each test site, therefore conclusions concerning 

the accuracy of the sampler cannot be made. It is recommended that subsequent testing be 

performed. 

In comparison of collected sample sizes and recommended sample sizes , it may be 

noted that the samples collected during the project field studies were in most cases below the 

suggested sample sizes . It is important for each researcher to evaluate and optimize the 

sample sizes obtained, with regard to sample error and practical sample size. 

The drum sampling technique proved successful for sampling armour and subsrrate 

layers of cobble and gravel bed streams . Field studies demonstrated that the drum sampler 

can be practically used for sampling bed material sizes up to 315 mm (12 .4 in) in diameter. 

Comparisons with results of previous freeze core sampling on the Rio Chama river in New 

Mexico showed the drum sampler and. freeze core sampler to compare closely in sampling 

particle sizes less than 100 mm (3 . 9  in) , but differed in sampling the larger- particles . The 

samples obtained with the drum sampler on the Rio Chama ranged from 0 .7  mm (0 . 03 in) to 

315 mm (12.4 in) , while the samples obtained previously with a freeze core sampler ranged 

from 0 . 6  mm (0 . 02 in) to 120 mm (4.7 in) . 

A method to determine the bulk density of stream substrate material, developed by Dr. 

R. T. Milhous, was tested at three of the four study sites . The method utilizes a wooden 

frame, with inner dimensions of 1 m x lm, to isolate a portion of a dry stream bank or bar 

that is selected to represent the material under study . The volume of a depression excavated 
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from the center portion of the frame is determined by lining the frame with plastic sheeting 

and filling the frame with water, both prior to and after the excavation of the depression. The 

volume of the depression is estimated by the differential amount of water needed to fill the 

frame. The resulting bulk density is then computed from the dry weight of the material 

removed from the depression and the volumetric determination . Analyses were performed 

to determine the void ratios of the in situ substrate material but were found to be unreliable 

due to the magnitude of errors that incurred during ti?-e bulk density determination process. 

Surface sampling methods were investigated to characterize the surface material in 

transport. Techniques including hydraulic dredging, swirl sampling, and grab sampling 

were studied. Attempts of hydraulic dredging of the surface fines with a small drill operated 

pump proved unsuccessful due to clogging of the pump. A swirl sampling technique was 

developed that suspended the surface material in a column of water isolated by the drum 

sampler while a vertically integrated sample of the suspended material was obtained. The 

swirl sampling method proved successful in collecting surface fines where minimal traces of 

material were present . Additional development of this te:hnique is recommended. A 

standard method of exerting a shear force on the stream bed to suspend the material is 

needed. Research under controlled conditions regarding the accuracy and reliability of the 

method would also be useful. 
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r-1 November 4 ,  1 9 9 2  

'7 
Sample : 9 

- J Source of Material : Ncrth Platte - B�"lk Ma-:.erial in ':'::-anspc=� 
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Upper St.atic:1 

Date Sampled : August 19 , 199 2  

WASH SI� ANAL!SIS 

Sieve S i z e  

3 / 8 "  
#4 
# 1 0 
#2 0  
#4 0 
# 6 0  
#1 0 0  
# 2 0 0  

i9 

t · Pa ss i nc 

1 0 0 . C  
9 9 . 9  
9 9 . 8  
9 9 . 6 
98 . 6  
8S . O  
56 . J 
22 . 7  
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r7 November 4· , 19 9 2  

- 1  Sample : 1 0  

-, � source of Material : North Platte - Armor Mid Cottonwood S ite 
r7 Date Sampled : August 19 , 199 2  
- J 

WASH SIEVE ANALYS7S 
r7 

·- ) 

r 1 
-. J 

r- 1  
.._ .J 

'l 
·.__J 

,r-; 

S_ieve S i z e  

6 "  
5 . " 
5 11 

4� " 
4 II 

3 � " 
3 " 
2 � " 
2 ti 

1� " 
1 " 
3 / 4 "  

% Pass ing 

100 . 0  
9 2 . 7  

· 9 2 . 7  
S 2 . 7  
7 8 . 9  
5 0 . 9  
2 8 . 4  
1 3 . 8  
7 . 3 
3 . 9 
l . 5  
0 . 9  

I 2. 2 . '7 '-\ l � 

"' ·- -'  1 / 2 " 0 . 7  
3 / 8 " 0 . 6 

.� 7 # 4  0 . 6 
# 1 0  0 . 6 k . ..i 
#2 0 0 . 5 
#4 0 0 . 4  .- '1 

# 6 0  0 . 4  
'--1 # 1 0 0  0 . 3  

# 2 0 0  0 . 3  
,.. \ 

LJ 

L.J 

� ·1 

�) 

- l 

t...J 

l�j 

L:J 

8 1  
LJ 
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Samp 1 e : 1 1  

7e�:a::-

_ j source of Material : No:--:h Platte - Sub Ar.:ior �.:d co-:.-=.onwocd S i  t:e 

11 

ri 

_ ,, 

I' 1 
•. J 

r-7 
L ,i 

r- 1  

• J 

'._ J 

,..--7 

LJ 

.- , 

l., J 

L j 

- ', 

L J  

;__J 

�J 

.__ ;  

LJ 

l) 

Date Samp led : August · 0  - -- , 1992  

iIBSB SIEVE ANALYSIS 

S ieve S :. ze % Pass :.ng 

5 II 100 . 0  
�� u 
• 2 9 5 . 0  

4 "  9 5 . 0  
3� " a a . 9  
J II S l .  0 
2� " ii . 4  
2 "  i4 . 6  
l� " i 2 . 5  
l "  6 6 . 6  
J / 4 " 60 . 0 
1 / 2 "  5 2 . 5  
J / 8 " 4 5 . 1  
#4 ; 3 . 5  
# 1 0  2 5 . 7  
#2 0 19 . 4  
#4 0 :� . 6 
# 6 0  - . -
# 1 0 0  J . O  
# 2 0 0  : . 9  

83 
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November 4 ,  1 9 9 2  

Sample : 1 2  

ie:-ra:or. 

Source cf Material : North Platte - Material  in Transport Mid 
Cottonwood Site 

Date Sampled : August 19 , 1 9 92  

WASH SIEVE ANALYSIS 

5 -Le_ye _S i z_e ·  % Pass i ng 

3 / S "  1 0 0 . 0  
# 4  9 8 . 6  
# 1 0  9 8 . 5 
# 2 0  9 7 . 6  
#4 0 9 6 . 3  
# 6 0  9 5 . 2  
# 1 0 0  9 4 . 3  
#2 0 0  9 3 . 3  

�orn_e_ter Ana_l_y_s i s  

Part i _cle_ S i z e �a ss inc 

0 . 0 3 7 2  mm 9 3 . 2  
0 . 0 2 6 8  mm 8 9 . 7  
0 . 0 1 7 3  mm 8 7 . 1  
0 . 0 1 0 3  mm 7 8 . 8  
0 . 007 6 mm 7 0 . 9  
0 . 00 5 6 mm 62 . 4  
o . o o 3 2- miil 5 0 . 3 
0 . 0 0 1 3  mm 3 6 . 1  

85 
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U . S .  Fish and W i ldl i f e  
Page 8 
November 4 ,  1 9 9 2  

Sample : 13  

Source of Material : North Platte - Mid Cottonwood Site 

Date Sam.pied : August 1 9 , 19 9 2  

WASH srEVE ANALYSIS 

Sieve S i z e  

4�"  
4 " 
3� "  
3 "  
2� "  
2 "  
l� "  
l " 
3 / 4 "  
1 / 2 " 
3 / 8 "  
#4 
#10  
# 2 0  
#4 0 
# 6 0  
# 1 0 0  
# 2 0 0  

% Pass ing 

1 00 . 0  
9 5 . 9  
8 8 . 8  
84 . 8  
7 9 . 8  
7 3 . 5  
7 2 . 3  
6 5 . 5  
59 . 3  
5 1 . 4  
4 3 . 4  
3 1 . 9  
2 2 . 7  
18 . 2  
13 . 7  
6 . 8  
4 . 0 
3 . 0  

To�a l Samp l e  Dry We igh� for Bulk Dens ity = 1 3 4 . 3 0# 
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C .  s .  F ish and Wi ld l i f e  
Page 9 
November 4 ,  19 9 2  

Sample : 14  

'l Source of Material : No��h Pla��e - .Anne� Boat Ramp 
_J 

1 
', __ ,J 

ri 
'-- j 

r 1 
_ j  

,.. 7  
._ J  

n 

'-J 

r7 

,._J 

7 
L. J  

'7  
i ,.J 

- l 

� J  

.._ ;  

._ J  

u 
� .. 

L-

r- ., 

L.J 

Date Sampled : August :s , 1992  

WASH SIEVE A.��YSIS 

S ieve S i z e  % Pass inc 

5 " 1 00 . 0  
4 3i " 9 3 . 6  
4 It 63 . 2  
3� "  52 . 3  
3 " 4 1 . 6  
2 � " 3 0 . 1  
2 "  2 0 . 7  
l� " 9 . 5  
l "  3 . S  

3 / 4 " 3 . 0  
1 / 2 "  L S  
3 I 8 11 1 . 4  
#4 0 . 9  
# 1 0  o .. i 
# 2 0 o .. o 
#4 0 0 . 4  
# 6 0  0 . :3  
# 1 0 0  0 . 2  
# 2 0 0  0 .. 2 
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n u .  s .  Fish and Wi ldl i f e  
Page 1 0  
November 4 ,  1 9 9 2  

r 1 
- j Samp1e : 15 

. �7 Source of Material : North Platte - Sub Armor Boat Ramp 
- j 

,7 
-- j 

r· 1 
- J 

' 1  

,- l 
L J  

' l  

1.-. J 

�-7 

L...,l 

n 
LJ 

r ,  

L . i 

- l 

l j 

- 1 

\. j 

L j 

l.. J 

, IL 
j \ 

� . 
,- · 1  

LJ 

- •, 

u 

Date S amp l ed :  August 18 , 199 2  

WASH srEVE ANALYSrs 

S i eve S__i_z_e % Pass ing \ \� - 7 <-

4 "  1 00 . 0  
J3i II 9 7 . 4  
3 .. 9 2 . 9  

. 2� II 8 5 . 1  
2 It 8 2 . 4  
l� " 7 6 . 0  
l " · 65 . 3  
3 / 4 " 5 9 . 0  
1 / 2 " 50 . 7 
3 / 8 " 4 3 . 7  
#4 3 2 . 9  
# 1 0  2 3 . 7  
# 2 0  14  . 1  
#4 0 3 . 9  
#60  0 . 8  
# 1 0 0  0 . 2  
# 2 0 0  0 . 1 
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U .  s .  Fish and Wildlif e 
Page 11 
November 4 ,  1 9 9 2  

Sample : 16  

Te:-racon 

ri 
- j 

source of Material : North Platte - X-Section Surface Material in 
Transport - Boat Ramp 

ri Date Sampled : August 18 , 1992  

'7 

c.._ J  

r1 
� J  

, 7  
L J  

r ... ": 

J.....__j 

r-- 1  

LJ 

'l 
L J  

�7 
LJ 

, i 

L J  

LJ 

Lj 

- 1 

LJ 

. LJ  

L! 

LJ 

WASH SIEVE ANALYS7S 

S ieve S i z e  

3 / 8 "  
#4  
# 1 0  
# 2 0 
#4 0 
# 6 0  
# 1 0 0  
# 2 0 0  
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% Pa ss ina 

1 00 . 0  
99 . 9  
9 4 . 2  
5 0 . 6  
9 . l  
2 . 1  
l . 2  
0 . 8  
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SAMPLB NO. 

X- SECTION - 1 3  

DBrnl 

SUB5nATB 
T£ST BY I BG A J D  atacr B Y  I COMP 
R.IOJIT BANI: EXC. HO. 
MAIN CHANNEL SU BSTllATE GUNNISON ._IVlm 

PBRCENT OF TEST ,rr OR AUOBJt HOLB OVBRSIZ.B BY VOUJWB o" 
MAX SIZB I J 1 1 2 •  I PLUS 12• I Cl.01' l ,• T0 12• I O.KIJ" T0 '9  
P. I N D EX 
: �·� i.i.-����, -;,:;(�,:··-:': �:�, .... ,; --;L\il 9.RADaa. 

O.M' 

"M OIST+� 0.OOS I SAMP WT. 14'..51 I "MOlST-4 LOOS I DltY SAMPI ua..,1 
(75 M M) (37.$ MM) (lf.0 WW) (f.$ WW) (4.7' MM) SAMPLB 

SJEVB SIZE l9 I vz• 3/4• 3tr NIU WBIGHBD 
WET MATL A PAN AC0 2.IIJ 27.60 '6.23 8IU6 i 98..93 IN 
MASS OP PAN 0.00 0.00 0.00 0.00 
WBT MASS RET . 2.83 27.60 56.23 80.56 
DRY MASS R ET · 2.83 27.60 56.23 80.56 
DRY MASS PASS I N G  145.� 120.91 

DRY WT MATL GRAMS 
BEFORE WASHI N G  • 

FACTOl. •"TOT PASS N O # 4  / TOTAL WT 
331., 

DISH NO. 
PAN I G  

SIEVING TI M E  1 0  M I N  
SIEVE 

NO. 
8 

1 6  

3-0 

so 
100 

200 

l W ASS MASS 
I RET ( G R) i PASS (GR 
I 77.00 1  26U0 

I 1.'.IJ.20 I 185.30 

i92 . .SO ! 146.00 

:'.39.40 !  99.10 

:? 9 1 . I D :  47.40 

) I S. I D ,  23.40 

PAN I J l 5.60 frESTED BY 

I TOTAL I JJs . .sol sc &: J D  

HYD RO 
START 
TIME 

l M I N  
4 M I N  

ft�!J:tf:��::· ./ 

I DA re 
I T"E M I' C iH Y D  REA 
I I 

0.00 1 0.0 
0.00 0.0 

PACTOll X 
MASS PASS 

• 1' OP 
TOTAL 

PASSING 

0.00 
0.00 

19 M I N  o.oo I 0.01 o.oo 

D RY WASS O F  SAMPLB (SJl!VBD) 
APTEJt WASHING • 315.6 
DATB 1 - l t -'3 
� TOTAL I PAR.TICA L I  REMAR.1:S 
PASSING D I A M ETER 

25.S� 1 2. 36  MM 
1 8.3� j l. 18 W W  GRAVEL 
U.4� 1 .600 WW SAND 

9.8� l.:;oo MW - 200 

4.7"' l .1.SO WM .075 TO 

l.J� l .01.s WM l .005 -
DATE 1 - 2 1 -93 

IC
U = 

cc = 

0..001' l.037 MM 
0..001' I.OU MM 
O.OOS 1.009 WM 

60 M IN o.oo I o.o I o.oo I o.oo I o.oos l.oos M M  
7 H R  tSM INI 
2SJI 4.SMJN I 

o.oo i o.ool o.oo I o.oo 
o.oc I o.oo I o.oo I o.oo I 

S O I LS CLASSIFICATION AND COMMON NAME 
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O.:oos l.002 MM 
0.00� l .001 MM 

0.099 

66.6% 

31 . 1 %  

23% 

2.3% 

56.44 
243 
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DBPTH SAM PLB NO • .  
X- SBCTION -6 AllM O U R  LA YER 
11!ST BY I BG & J O  CHBCX BYICOMP 
COB BLB BAR BXC. NO. 
AllMOUR LAYBR I GUHHISON RIVER 

PE1lCIZNT OP TEST PIT O R  AU GBR HOLB OVBRSIZB BY VOLUMB 
MAX SIZE I 7 • I PLUS 12• I O.K 
P. INDEX I I Cl.ASS OP FINES • 

"M OIST��
t

� Q�?! Ps��I ( "MOIST-
( 150 MM) 1(1S MM) f(J'f.J MM) 

s1Evs sIzn I ,. . ,. 1 m• 
WET MATL A PA N ACd 12.17 1 143.63 1 161.04 
MASS OP PAN I 0.00 1 0.00 1 0.00 
WET MASS RBT I 12.17 1 143.63 1 168.04 
DRY MASS RET I 012.711 143.63 I 161.04 
DRY MASS PASS I N G  l 1 60.11 1 1US I S.l, 
1' OP TOTAL PASSING 1 92.6-C1' I 17.2'1' I 3. 191' 

·:)fiiij;{:�� _.. - ." -:-:·: :k:� . Jd�:=='-ri�™4A':'2"fth:iiSIJ.G!i!.W.1M·J 

0.001' I DRY SAM 
(lf.0 MW) I ('-' WU) 

3/4• 3/lr 
171..54 f 113.03 

0.00 1  0.00 
112...SC 173.03 
in.,, 173.03 

t.JM 0.$5 
0.601' 0.321' 

DllY WT MA11.. C RA M S  
BBPORB WASHI N G • I

PAcr0R •1'TOT PASS NO# 4 / TOTAL WT 
1a1 • 

D ISH NO. DR.Y WASS OP SAMPLB (SIEVBD) 
PAN # 0  APTER. WA.SHIN G • ,1.1 

SIBVING 11 M B  10 M IN DATB l-%0-93 

01' 

SIBVB MASS I M ASS PACTOR. X 1' TOTAL PAR11CAL
.I 

REMAlt�S 
NO. RBT ( GR) I PASS ( GR) MASS PASS PASSING DIAM BT21l 

a 1 7.40 '. 1 61.30 • 1' OP 0.11' 1.36 M M  
I I 

GRAVEL 1 6  27.90 ! 1.50.SO TOTAL 0.2"- 1.11 WM 

30 I .£ t .80 i  136.90 PASSING 0.%1' .600 MM SAND 

.50 I 69.20 ! 109-'0 0.1" .300 MM -200 I 

! 100 86. JO i  91.60 0.11' .150 .. ..  .075 TO 
200 i 97.-10 ! I St.30 0. 11' .075 M M  .005 -

I 
98.�• rmsnm BY I DATB lcu -PAN ! J D  1 -20-93 

TOTAL I I cc -) 78,70 I 

HYD RO D ISPERSING AGENT SOD IUM HEX 

0.01' 

173.16 
0.00 

173.16 
173.16 

0.42 
0.%41' 

a.001 

99.8% 

0. 1% 

0.1 %  

STA RT I D ATE I AMOUNT JU ML 
11ME l inM l1 C 

! 
1 M I N  : 0.00 
4 M I N  I 0.00 
19 M IN I 0.00 
60 M IN I 0.00 
7HR UM INI 0.00 
%$11 •UMIN I 0.00 

I HYD RB.A 

0.0 
o.o 
0.0 
0.0 

o.oo 
0.00 

HYO COil. COi. READ(" TOT PAS: PAR.T DIA. ! JlE MAl.�S 

0.00 1 0.00 1 0.00'5 f.037 M M  
0.00 o.oo i 0.OOS l .019 M M  
0.00 0.00 ! 0.009' l .009 M M  
0.00 0.00 1 0.009' 1 .00.5 M M  
0.00 0.00 0.004 1 .002 M M  
0.00 I o.oo I · 0.009' f .001 M M  

SOILS C LA S  S I  FICA TION AND COMMON NAME 
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I 

SAMPLB· NO. 

X - SBCTION-7 
TBST BY I JO 
MIDDUJ OP CHANNOL 
ARMOUR. LAYER GUHNTSON R.IVBll 

DBPTII 

AJtWOOI. LA YBt 
OHH� IYICOMP 

HBU 
ALT R 

PBRCl!NT O P  TEST PIT OR. AUOBt ROLB OVBJlSIZB BY VOUJMB 
MAX SJZB I $ l / 2  • IPLUS 12• I C-041 I O.K I O.K 

:._ IP. INDBX I l et.ASS OF FINBS • I 
...... "­,, :<?>Jt -�; _t;'i'-;�l�'­r., .,:c��•"' a;�:,�, .t. r..*i4--i'"'YW ..........,..., __ _ _  O An ;i.?',.:;· .i Gfv:\V. : =ii,,:Q· � •. .. 

M OIST+• I 0.00% i SA M P  WT. l lL0J I WOIST-4 I 0.00-S IDI.Y SAMPI 1 1LaJ 

1 (7S M M) 
51BVB SIZE 3" 

(37.l MW) l(lf..O WW) (tJ WM) l(c..75 IOI) SAMPLB 
1 tn• �· YI' H0.4 WBIGRRD 

WBT MATL • PAN ACd 86.43 
MASS OP PAN I 0.00 

104.UI 115.821 117.191 117.46 IN 
o.oo o.oo I o..oo I 

I 
WBT MASS RET I 86.,i! 
DRY MASS RET I 
DRY MASS PASS I N G  
S O F  TOTAL PASS I N G  I 

N\.\:r, .. � .�•., .. ... . ' 

10..ul 115.821 117.191 
10..u I 1 15.82 I 117.!9 i 

2.21 I <l.!-' I 

DllY WT MATL GRAMS 
BBFORB WASHING • 

PACTOJ.•1'TOT PASS NO# • I TOTAL WT 
25,.1' 

DISH NO. 
a # I  

SJBVING 11MB 10 MIN 

O a.  Y WASS OF SAMPLB �IEVBD) 
AF"raR. WASHING • l7U 
OATB l - 22-'3 

SlBVB MASS I MASS FACTOR. X s TOTAL IPA.RTICALI JlEMAR.�S 
NO. I R.BT (GR) I PASS (OR.) MASS PASS PA$$TNG OIAMBTEJU 

a I 30.00 ! 229.!0 • 1' OF 0.41' 12.3' MW . 

1 6  50.:20 1  209.60 TOTAL o.,slu& MM iGRAva 

1 30 80.20I 1 79.60 PASSINO Q..JS 1.600 MM j SAND 

I 50 1 1 5.,o l 1'-'.10 LIS l..300 MM I -200 
1 00  1'46.30 i l lUJ c..21' 1.150 M W  i .075 TO 

200 I 169.,o; 90.10 I 0..1s l.01s ),{M i .005 = 

I 
PAN I 171.90 

r
sTI!O BY BO 

I 
OATS 1 - 2:?-93 ICU = 

TOTAL I 2s9.so . Ice -
HYD RO NO. N/A l o rsPBJ.SlNG A GENT SODIUM HS:X 

0.00 1, 

99.5% 

0.3% 

0.2% 

0.2% , 

0.33 ,  
6.86 

START I DATE :AMOUKT J,125 W L  
TI M B  ! TE M P  C I H YD RB.AI:i HYD coaJico1t. JlEAO(S TOT PASPAltT DJA.]JtBM ARU 

l M I N  0.001 o..:>I 0.001 0.001 
4 M I N  O.OC ! a.01 0.00 1 o.ool 
19 M I N  0.0<11 0.01 0.00 1 o.oo l 
60 M JN 0.001 0.01 0.00 1 0.001 
7HR lSM IN] o.ool 
2$H HMIN 0.001 

SOILS CLASSI FICATION ANO COl,U,lON NAME 
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i 
o.oos :.an ww 
0.001' i.01' MW 
0.009' i.009 MW 
0.009' I .DOS MW 
0.001' 1.002 MW 
0.OOS !.DOI MW 

j 



SAM P LB  NO. 

x-secnoN -7 

DRPTII 

SUBSTIU'TB 
TBST BY I B G  A. J D  CHECX BYICOMP 
WIODLB OP CHAHNBL 
SUBSTilATB GUNNISO N R.IVBa. 

B.XC. HO. 

PBRCENT O P  Tt!ST PIT O R.  AUOBI ROLB OVBRSlZB BY VOUJMB 
WAX SIZB I 5• I PLUS 11• I o.K I I 0.01' 
P. INDEX 
. . · :·��·,··o• ���, ... �""C;. 

.. ,.=-::� ::i;_� ... ��<� 
1'MOJST+.C o.oo'I. I SAMP WT. I 16.1.74 SWOIST-4 0.OOS I Da.Y SAMP 

01' 
0.01' 

165.74 
(75 M M) (37.5 WM) (1'.0 M M) (f.5 MM) (4.15 MM) ,. l in· 314• Jtr 

0.00 44.32 65.75 !10..M 115.39 
MASS O P  PAN 0.00 0.00 0.00 0.00 0.00 
WBTMASS RET 0.00 44.32 65.75 !10..M 115.39 
DJlY MASS RET • 0.00 44.32 65.75 !10..M 1 15.39 
DllY MASS PASS I N G  
1' OP TOTAL PASSING 

' ·  -� .·,:1-��� . �-::�f·�����' 
OJlY WT M ATL G RAMS 
BBPORE WASHt N G  • 

I FAcroa.-sTOT PASS No, , ,  TOTAL wT 

. "4t.l -
DISH NO. DR.Y MASS OP SAMPLB (SIEVED) 

PAN I I  AFTBR. WASHING • 446.4 
SIBVING TIME 10  MIN DAT1l 1 -20-93 

SIBVB I MASS I MASS PACTOI. X 1' TOTAL PARTICALJ REMARI:S 
NO. . RBT (GR) PASS (Gil) MASS PASS PASSING DIAMB'Jc'.R 

I I 122.30 j 327.j() • 1' OP 14.6"' 2.36 M M  

1 ,  I 19 1 .JOI  Z.,&.j() TOTAL 11-'"' 1.18 M M  GRAVEL 
30 I :?n.wl 174.60 PASSIMG 7.3'1, .600 M M  SAND 
so I .so.c.90 1 44.SIO 1.0'1, .JOO M M  -200 

100 I .s, uo I &.60 0.4'1, .1.SO W M  .075 TO 
200 I -U6.Jo l :uo O.l"' .075 W M  .005 = 

PAN I DAT1l cu : -146.�0 rms�O BY BO 1-20-'3 = 
TOTAL I .u9_go: cc -

DISPBR.SING AGBKT SODIUM HBX 

N0.4 
132.47 

0.00 
132.47 
132.47 

0.045 -

79.9% 
1 9.9% 
0.2% 

0.2% 

39.38 
2.49 

START I DA� j.AWOUNT 11$ M L  
TIMB 

1 M TN 
4 M I N  
19 M IN 
60 M IN 

iTEM P  C I IIYD REA 

I 0.001 0.0 
I o.oo l 0.0 
I 0.001 0.0 
I 0.00 1 o.o 

7HR 1 5 M INI o.ooj 0.00 
1$H UMIN 0.001 0.00 

HYO COR.JICOJt R.BA�1' TOT P� PAR.T DIA.IR.EMAR.l.'.S 

0.00 0.00 0.001' .037 M M  
0.00 0.00 o.oos .Ott M M  
0.00 0.00 o.oos .00, WM 
0.00 0.00 o.oos .00.5 WW 
0.00 0.00 o.oos .002 M M  
0.00 0.00 0.00"' .001 M M  

S O I L S  CLASSIFICATION AND COMMON NAME 

99 



·-:: 
::.;.;. 

-: � �  .. 
:-4.: ... 

. • 

. .• . . ·....;. 
. • -"::_· ,. ,:,: �M�LB NO. 
;, · . .,:�.:.·_:· , · �- X:_ SBCTION-7 " 

DBnll 

Alt.MOUI UTD . 
� -�.,/ �� �---------. : ·  . .  , · · .·· · 'Ill5T BY J D �, . ;_;: · - �- :f,-----'--.:.....:..--­

i:  .. -;-i' .:.:�:...,-:.:_ WIDDLll OP CHANNBL 
CHBCX BTICOJO 

\ ·:.�-t_:, .  ·r.· AltMOUR. LAYBR 
;· � - i=�.;..;;;.�.;;._;;;�;;.;:;..;.;, 

RXC. a ::j · Bm.P 
•. ALT R 

.· ·�-

.• .

. 

-:.._.-:
,�: .

. . ..::?;.,-

0.01' 

0.00% I SAMP YT • .  I .. . 11LCJ I MOLST-4 I 0.OOS IDltY 

1
(7S MW) , (37.J MK} (1�.0 MM) (f.J MW) (._75 MK) 

smVB SIZB 3'" 1 W 
. 

Jl4• ltr HO.� YBJGKBD 
) . . . . .· ' ·.:- . ... .. . . . - ' WBT MATI. � PAN AC U-43 

0.00 
1ou, -·.� u,.cl 111.19 117.46 IX 

:�!"; " MASS OP PAN 
;;);-/ · � WBT MASS R.BT 
:···/ __ 

. . 
_:: DR.Y MASS R.ET - . - �------

;.;:�:· � · DR.Y MASS PASS I N G  :· .. �-(? " OP TOTAL PASSING l 
4� 

36.0 
"86.A) 

O.D0 
JOU.5 

. �{t.\i DR.Y '!"f MATI. G RAMS · "'-\ ��!.°�Jt':'STOT PASS HOl4 / TOTAL WT 
: · ·:st ,-;;.....- BBPOR.B WASHING • 159.11 · · · • 

. 
, .-: �,:� ?�H NO. :f: . •

. .
- .· ·. -.:..- I

DR.Y KASS OP SAMPU? (SIEVBD) 
• --�""<Ot'!� ,.-. · -· _. 1 .. , . · • � W ' .. "I'-'0 17U 
:._ .. •'1::•·,}.�: , -. ,. · ,... • • ·. · · . , · n.r , DA �n n • 

. - _._ :  '. ..::··_ :,i; SIEV[NG TI M B  1 0  Mil' IDATB 1 - 22-f:3 
- �/¾\-: _ ··i . .  SIBVB 

I 
M ASS

.
, MAS3 . FACTOJt X I S TOTAL j PARTICAL

.I ·-.3::_".: •. -: .'. ·. ' · NO. JlBT (GR) I PASS <Gl.1
° 

WASS PASS1 PASSING DIAMBieR. 
' . ..  _,.,A � ...,. . ,., - ._-;_.�. ··:-,-r-f:.� . a · I 30.00 I :iuo . . � 1' OP I o.� s I l.36 M w I 

�EMAlll:.S 

... . , . . .. . - . .. · . . 
� "f-

i
, :.j�>:> ·. 1, 50.20 :ouo ·· .TOTAL I o.•s lug ww GRAva. 

_ - . :•, . -� �f;. 30 80.20 I 17'-60 �A.SSINO I LIS 1.600 MW SAND 

.. _ - , /  50 1 1 5.70 1  l'-'.10 ;' I LIS !..300 MW - 200 

<�· · .. ; :.t_ ,,. 100 1,6.JO 113.50 .-_ 
· 

. I o.2sL1,o MM .075 TO 
_::. . .. --·�.. . 

200 169.70 90.10 
7 

.... :: .. �: � PAM 17 1.90 
, . 

TOTAL 259.80 

� :. ,)�?:���1;\ 
:i=:: ... /. � 

.: �\�: -�·:· 

O.lS l .o7! MW = 
DA'llt 1 - 22-n 

0.001' 

99.5% 
0.3% 
0.2% 

0.2% 

_·:::: ··> HYD R.O NO -N/A ·· · I DlSl"BR.SlNG AGBMT SODIUM HBX 7 · ·<� .: ._._. START ! D ATE IAMOUNT Ja1.5 WL 
. J.).·. ._ TIMB l "rn M  I' C I IIYD RE.AD HYD COa.R COR. I.BAil S TOT PAS:PAR.T DIA.IR.EWAllLS 1 .. . -}.:_;,��; · --� · 7 I · : I I i I I 

�--
-::·c�:::· .:_;;.:r 1 M I N  I 0.001 : 0.01 o.ooi o.oo: o.oos i.037 WW I · ·.r· 't • M I N  I 0.00 1 0.01 0.001 . · 

,_ i ,�.-- :: 19 M IN I 0.001 o.ol 0.00 1 
0.00 ' 

0.00' 
0.00' 
o.oo: 
0.001 

·· .\f: .. - .. :-> 60 M IN l 0.00 1  0.01 0.001 . , ;�:.": "'." �"';:: 7HR 15MINI I · I I 
· <.:.�- · · �· .. ·: 25H 45MIN J I · · I I .. - . . .  ; .,,,. . . � .  

SOILS CLASSIFlCATION ANO COMMON NAME 

-- -��:\)_ :JCL-ML GRAVELLY SILD'. CLAY . 
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SAMPLB NO. DBJ"T11 

SUBS"n.ATB X-SBCTION_-6 ___ 
izr TBST BY I J . D .  CHECX BYICOMP 

COBBLB BAR. 
SUBSTilATB GUMNISON R.JVBa 

BXC. HI. 

PBR.CI!NT OP TnST PIT OK. AUGBa. HOLB OVBR.SIZB BY VO LUMB 0" 
MAX SIZE I J" !Pt.US 12• I O.K Ir TO 12° I 0.� l:r TO J9 
P. INDBX 
<·f* ·:/.� • ·-'<'Iii :, � i�� 

"MOIST+4 
:·.�1�!11 
0.00� ISAMP WT. 174..$4 I "WOIST-4' O.OOS I DRY SAWP 

0.K 

174.$4 
(7S MM) (37.$ MW) l(lf.O WW) j(t.$ MW) l ("-75 MM) SAWPLB 

SIBVB SIZI! I 3• l in• 
WBT WATL .a. PAN A Cd 1&.46 45.56 
MASS OP PAN I 0.001 0.001 

I
WBT MASS R.BT I l&.461 ''"' I D ll Y  WASS RBT ' l&.461 45.561 
DllY MASS PASSING 156.011 IZA.981 

J/4• 311• 
75.67 104.98 
0.00 0.00 

1$.61 104.98 
7$.67 . 104.98 
98.37 69..56 

D ll Y  WT MATL G RA MS 
BBPOJlE W ASJIING • 

PACTOll•1'TOT PASS NOl4 / TOTAL WT 
576..4 • 

DISH NO. 
PAN I Q  

DR.Y MASS O F  SAMPLE (SIEVBD) 
AFTBR. WASHING • 5'7.3 

SIEYrNG 11MB 10  MIN DATB 1-11 -'3 
SIBVE 

NO. I RBT GR ! PASS OR MASS PA.s.s PASSING lolAMBTER 
M ASS MASS FACTOR. XI 1' TOTAL f PARTICALI R.BMAR.l.'.S 

I ; 98.90 1 477...50 • " OP • 14.09' 11.� M M  

1' I 1s1.1ol J&&.7o TOTAL tt.69' l i.u M W  
1 211'1.10 PASSING 14.29' 1 .600 W W  29001 

48 1.oo l 
550.50 i 

566.90 i 

I 95.401 ,.a9' I.JOO M M  � 
I 

1.39' 1 . 1 .so  WW 

9.50 I 0.5 9' l.015 M JI 

PAN I 56i.30h1.:STI:.D BY I DATE 1-21 -'3 

GRAVa. 
SAND 

-200 
.075 TO 

= 

DISPBRSING AGBNT SODIUM HEX 

0.0,0 

71 .0% 
28.5% 

0.5% 

0.5% 

START DATE AMOUNT 125 ML 
TIMB 

1 M I N  
4 M I N  
1 9  MIN 
60 MTN 
7HR 15MIN 
2SH 45MJN 

I TEM P  C h1YD RB.All HYD COR. COil llEAD. 9' TOT PAsjPAJlT-DlA.l REMARl.'.S 

0.001 0.0 0.00 
0.001 0.0 0.00 
0.001 0.0 0.00 
0.001 0.0 0.00 
o.ool 0.00 0.00 
o.ool 0.00 0.00 

I 1 
0.001 0.00� 
0.00 o.oos 
0.00 0.00� 
0.00 0.00'1,, 
0.00 0.00'1,, 
0.00 0.00� 

SOILS CLASSI FICATION ANO COMMON NAME 

101  

.037 MM 

.019 MM 

.009 MM 

.OOS MM 

.001 MM 

.001 MM 

b 



j '  ·-�· 

MM P LB  NO. 

X-SBCTIO N - 6  
Dlin-H 

COBIILB BAI. 
TBST BY I J .D.  CHBCX IYICOM1' 
CO BBLB BAR. 
BULJ:: DENSITY Gt.nOnSON JllVEI. IEXC. NO. 

PBRCUNT OF Tl!ST PrT 01. AUOBI. HOLB OVBR.SIZB BY VOUJMB 01' 
MAX stza l 3 •  l rLus 11• I G..Kl� ro 12• I � IJ" ro ,.  ! o.01' 
P. INDEX i I I I 

. . -��·!, ;.!!,�.£,-; . .. -:.·�/.·· ,;. i�� 
1'MOIST+4 0.00" ISAMP WT. I '2..0711'WOIST-4 0.00-S IDI.Y SAMP' 62..t17 

SIBVB SIZE 
1 (7S MM) (11.5 MM) (lt.O WW) l(t.$ WM) 1 (4...15 MM) 

,
· SAWPLB 

3• I W 3/4° 3,r M0.4 WRIOBBD 
WBT MATI.. � PAN ACC 16..n 2'.00 33.89 1 .u6I 47.Z7I DI 
MASS O F  PAN 
WBT MASS RET 
DR.Y MASS RET 
DR.Y MASS PASSING 
1' OP TOTAL PASSING 
. .. .. � �,:: 1"):��i�� .... ��� 

-:· ·-S- �- ff�---·-

0.00 0.00 0.00 I 0.00 I 
16..n 24.00 

16..77 
45.30 

DllY WT MATL G RAMS 
BBPOR.E WASHING • 

FAC"I'Ol•STOT PASS N0#4 / TOTAL 'WT 
,au -

DISH NO. DR.Y WASS o· p SAMP1.E (SlEVBD) 
PAN IQ IAP'T'Ei. WASHING • 449..5 

SJBVING TIMB 10 MIN IDATB 1 - 2 1 -'3 
srnVB I MAss I MASS PAC"I'Ot xi s TOTAL I PAR.nCALj 

NO. RET GR I PASS GI. W ASS  PASS PASSilW loIAMBTEIU 
I I 95.90, 3!5.70 ·• 1' OP' lt.1" j2.36 M W  

R. EMA1I.S 

1' : 152.50; ::29.10 TOTAL 16..3" I 1.1! M W  jGRAVEL 
JO ! 228.60 : :SJ.OO PASSINO 

so 366.20 I us.'° 
100 I J3Uol 50.10 

11..S" 1.600 MM ! SAND 
S.1" I.JOO M� -200 

:.-1" l.1 so M w 1 .075 TO 

0.0.SO 

76.2% 

22.2% 
1 .6% 

200 ! -U8.80i JU0 L6" l.015 M W  ! .005 = , .6% 1  

PAN I -14 9 .. �0 /l"cSTEO •Y 

TOTAL l J8 1 .60IBG & J D 

HYD RO 

DATE 1 - 2 1 -'3 I CU = 
73.56, Ice = 3.86, 

I D ISPBJtSING AGENT SODIUM HEX 
START I DATE I.AMOUNT 11.5 ML 
TIMB 

1 MIN 
4 MIN 
1t M IN 
60 MIN 
7JI R lSMIN 
25H H M I N  

-:-::-� 

Tl! M I' C I H YD RB.Aci HYD COJtR COR. I.EAD(-. TOT PASPAIT DIA. ' �),CAJlU I 
i I I I i 

0.00 1 O.0I 0..001- 0.00 1 0.00-S i.037 MW 
o.or. 1 0.01 o..oo i o.oo I o.oos I .on M W  
0.00 I Q.0 I 0.00 J 0.00 j 0.00 '-' l.oo, M W  
0.001 0.01 0.00 1 0.00 1 0.OOS I.� M W  
o.ool- o.ool o.ool 0.001 o.oos l.002 MM 
0.001 0.001 0.001 0.001 0.OOS l.001 MM 
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· SPECI FIC GRAVITY DETERM INATION 
(VOLUME METifOCI 

HOLE NO. 

CATE DATE 

I ... :!I-

I. ft LASK NO. ________________________ _ 

2. MASS o, ' I.ASIC • ____________________ _ Cal 

CH ICU 0 IY 

'r> ,1_ 
, , � . 27 

IJAL 

"'o 
0An 

TfllAI. NO. 

2 

_-2, 

I t � - , 1  

� YOI.UM E  OF F \.AS JC:  • __________________ _ <�, .='-1'1. �o 2</�. 'iO 

'9 MASS o, Sl'E CI M E N  ___________________ _ ,., ..,, . 3.2.. 

L MASS o, F L.ASX + SP E Cl!IAEN • WATEII _____________ _ Cel I d O ltJ.  \,\0 

I. TEMr& RATU A E  OF WAT!:,. _________________ _ c·= I 
7. MASS OF F LASK • WA T E R •  fSl • f•) -----------------

L MASS OF WATE lll 1 -.,  F LASK • (7) - 1%> ______________ _ 

(g) 

ft) 

L ABSOLUTE OENS l � Y  C F  WA T'E R �T TEM� C8> ---------- (c11c,..:J) 

10. YO I.UME O F  WAT; R I N  :: LAS K • 8) / C,J ____________ _ lcm�) 

11. VO LUME O F  SOI L • Cl) • ( 1 0 1  ________________ _ c�, 

1%. Sl'E CI F I C 0 RAVIT Y • t£1 / ( 1 1 1 • • __________________ _ 

1� AV E IIAQ E --------------------------

• •c:.11t>rauon aaa from US S R  1 0:JO 
� ••1mou .. 'lrlH for we,., 1 9 • 1 mL. • , a-2 � .• 

tA) ::: -:;) ¥- 2 .  I 

.f) := 
P..= 

r:;l� \o .  s 
1</2 .  9 

� q3 
5 .  \.0 

I 13 . \o 

W ::  ol3r- O 
p .::  .J,.3V, 0 
P� 130· / 

�-r.3:,t/ 
s-- 0 

1 0.J. 'i 
i 03 

/Q 0 

-;32 · 3</ 
-": .2() .  0 

. Q'itifos-
r-'J :2.. 0 .  -2,,,/ 
� 9. vt/ 
� - s-:1" 

d- . ,;- </ 

0 

�'i- 1Z.. 

� - S-3 

e1�0 ,,a - 1oa 
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BULK SP ECI FIC GRAVITY AND PERCENT ABSORPTION 
OF THE PLUS NO. 4 FRAc1·10N Dnisaw- csaa sno- - -

.• 

OAT� a 
f -:i-1 ... 1, 

CATE 

SUSPENSION METHOD 

I
CH£CKED 

TRIAL NO. 

1. Mau of basket in w11er • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  ft) ff¥!.(9 
2. Mau of baslce1 in ai, • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • •  (9J mq-2 
3. Man of $S0 • sc,ec:1mtn • bnKft In 84r • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  (9) 

-

,. M111 of SSC ,0ec:imen • b11kit in water • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • fcal _____ _ 

S. Mau of ov•ncrv sgec1men • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  J9I 

6. Mau of SSO scec:imen in air CJ) • (:J • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • l9J 

7. MIii of SSD s0ecimen ,n water C4) • (1 J • • • • • • • • • • •  : • • • • • • • • • • • • • • • • • • • • • • • • •  J9I 

8. Aoo1rent 1oei:1 lic ;,.,vitv 15)/!  CS) • C7tl • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

s?:2:feK 
c:20.�x 
I c,_.. 9/ 
� <e!e 

9. Aver19e aooarent SDL'cific grav,tv • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • . • • • • • •  . 
� 10. «•� ;r�vit� ,isc�T@�--- • • . ·. · • · · • • · · • • • · · • • • • • · • · · · · • • • • • • • • � 

, , .  A\ltraqe bulk s0ec1 f1c gr:,vnv I SSO I  • ·  • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • . • . • • • . . • • • • • • • • • -----

1 2. Sulk :�ec1 fic ·:r:tv 1 1v  lov•nary1 15)1( C6J • (7) 1 • • • • • • • • • • • • • • • . • • • • • . • • • • • • . . . • • • • • st ·  £'l 
1:J. Avera9e oul k  :cecu,c 9t:iv,rv covencsryJ • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • . • • • • • • • •  ------

14. Absorc,tion [ .  io l  • I S i )  if SI ] • 1 00  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . f'J / • 0 
1 5. Aver19e acso, ouon . . • . . . • • . • • • . • • • • • • • • • • • • • • • • • • . • • • • • . • • . . . . • • • . . • • • • . . • • • • • •  l�) ------

SIPH ON METHOD 

1 .  Masi of soecimen tSSO) . . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • !Qt -----­

:z. Voh.1m• of wa, er cs,s::,1aced • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • •  (m LJ ------

3. Mass of ovencrv soec,mcr, . • • • • • • • • • • • • • •  • • • • • • • • • • • • • • • . • • • • •  , • • • • • • • • • • •  C9J -----­

'· Mm of water I 1 1  • IJ ) • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  (gJ ------

5. Bul k soeci fic :::-avnv ISSOJ C 1 J /12J • • • • • • • • •  : • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  ------

6. Avera9e bulk �oeci f ic grav,cv lSSOJ • • • • • • • • • • .  • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • •  ------

7. Bulk soecific r.r:,v, av  1ovcncry i 131/1 2) • • • • • • • .  • .  • • • • .  • • • .  • • • • • • • • • • • • • • • • • • • • • •  _____ _ 

8. Aver19e bulk -:0ec1 f ic gr:avuv Covencl,v) • • • • • • • • • • • • • • • • • , • • • • • • • • . • • • • • • • • • • • • • • • • • • • • •  ------

9. Absorotion ( Cit t /(J J I • I 00 • • • • • •  • • • •  • • • • • • • • • • : • • • • • • • • , • • • • •  , • • • • • • • • • • ,-::., ------

1 0. Aver:,9e ·aoso,ouon . . . . • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • · • • • • • • · • • • • · • • • • • • I�) ------

•sso lSacuratea �urt:,cr<irvl 

104 
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:--:�_ 
·-· ... ·::·: 

��� . . . 
� .. , DEPTII SAMPLB NO. 

X-SBCTION 13 

t 'S'.��'�!!.':,,;:�1;�·;1_�(!:>�ffj]��: 1· 
ifg. �.3r.·; ,.-.r-.)·f,. ·f.J'-1.-'IT;"..S . �'��" -�··'·�-'!-� ...... " .-3, - �-�-'- .:-t;"=?,-. . �· AJtWOtTI LAYE1 . -· 

TBST BY I J D  'r tff t· I _:.-,:.;;.' -�;:··-�- : ·\�: -;�- . ·. i <J �- -- �  CHECX ITICOMP 
R.IGHT BANI: M AIN CHANHEL 

AJlMOUR. LA YllR OUMNJSON RIVlll 
RXC: HI. I 

PER.CENT OF 111ST PIT Oil AUGRI HOLE OVER.Stz.6 IY VOUJl,,(B K 
MAX SIZB I 5• I PLUS 11• I LK l-'9 T0 1%" I Cl..01' 1 J" TO ,- j 
P. INDBX 1 --· 
"MOIST+4 o.OOS ! SAMP WT. lU..7% "MOIST-.« 0-� I D I.Y SAMPI 

� 

lll7l 

1(75 �
M) (77-' JOI) (lf.0 MIC) (U WW) ((.." Wll) SAMPLB 

SIBVB SIZE 1 11%9  314• l/r" "'°-' 'WBIORltD 
WBT MATL � PAN ACC SU7 110.5-C 111.39 I� 1%3.lA Df 
M ASS OP PAN ! 0.00 0.00 0.00 0.00 
WBT MASS R.ET ' SU7 110.5-C 111.39 1�, 
DR.Y MASS R.BT I '56..57 11U.C 121.39 
DRY MASS PASSING I 61.IS u.gg 1.JJ 

DR.Y WT MA TI. C RAMS PACT01l•1'TOT PA:5S N0' 4  / TOTAL WT 
BBPOR.B WASH I N G • llt.l • O.OO'l 
DISH NO. OR.Y MA.SS OF SAllPLB (SIBVRD) 

PAN # C  AFTER. WASHTNG • 12U 
SIEVING TIME 10 MIN . IDATB 1-20-n 

SlBVB I MASS I MASS FACTOR. X 1' TOTAL PAR TI CAL
I 

RID(AR.U 
NO. R.BT (GR) 1 PASS (OK.) WASS PASS PASSING OIAMBi'ER 

g ! 2!!.801 19 1.00 • " OP 0.JS 2J6 WW 

1, I I l!!l..10 TOTAL 0.3" 1.11 WW: GRAYa 99.6% I 37.70 I 

I I 

J(J 42..�0 ! in.JO PAsmfO I G.JS .600 WW SAND 0.2% 

50 I .s.s.so l  l6Ul0 I 0.JS ..JOO WW -200 0.2% 
I lJ7-'0I ! O.ZS 1 . 150 WW 100 I s2.JOI .075 TO 

200 i ]2!.JO; I o.:s 1.o,s w w  .005 = 0.2% 97-'0 
PAN I 126 • .SO jTESTED 8Y JD I DATB 1-20-'3 

I
CU :z 0.3�! 

I TOTAL l26 . .SO : CC a 5. 1 6 1 

, �� -t�..;;:...'�i :- .:::�-:.. =?. '-.. ;' � :f�t�t. 
HYDRO N/A 
START 

it!� '(°'t;,· 
@

- . 
�

-
�

. t.: . . . . .. . . 
� \ ,a;. 1� � · ··· .,.. , -�- ;. • .;. �:. • ;.· . .  , • I - - ..... � •.-:.l .• ,...:. '7 t • �- !!: �- ;_:_ ... :. .· · ... . ::- ! 

I DISPBR.STHO AGEHT SODIUM HEX 
! D ATE IAMOUXT Jl.j ML 

I 
I 

TIMB TI!MP C IHYD RB.AC HYD C:0&.11 COit JtEA Ol 1'  TOT PASPART DIA. IJtEMAR.I:S I 
I i I i I 

1 M I N  I o.oo : 0.0 0.00 1  0.00 1 0..DOS ,.037 WW: 
4 MIN 0.00, 0.0 0.00 1 0.00 1 o..oos I.OU WW: 
lf MIN 0.001 0.0 0.00 1 0.001 0..DO� l.oot WW 
60 MIN 0.001 0.0 0.00 1 0.00 1 (Ll)O'J, Loos MW 
7HR. 15MIN I I 0.001 O..OOS I .001 MW 
%5H HMIN I l I 0.001 Q.DOS l.001 WW I 

SOILS CLASSIFICATION ANO COMMON NAME 

105 
--------· .. -·--- . I t 



� 

·"· • .. . ,:.·.• . 

•. . .. ,.. . 

DBPTB SA M PUJ NO. 

· •X-SBC'TION- 13 

lf�r.1y�JU?;i'):;��t:..:t:f�ljb� t 

� ,l��;.f.--i:�)-�t -t?�r:t�-:,.·. • AR.MOU. UYBa. 
TBST aY I J O  f. ·.:::; f: . .. :. ,. . . , ::· ! .· � :; o-rncx IYICOMP 
LBFT I..A>a.: SBCONDAllY CHAJO{EL 
AltMOUR. LA YER OUKNlSON R.IVBJl 

HXC. NI.. 

PERCl!NT OP TBST PIT O Jl  AUOBK. HOLB OVHJt.S[ZE BY VOUJMB 01' 
MAX SIZB I 6 ° !PLUS 1%"' f 0.01' IS" TO 1.%0 I O.l>'l' IJ" TO ,. 
P. INDEX 
< • : J; -� --L�S-� .,_, � / .. �-;-1••�.!-e{:�

I � 
"MOIST+' o.oo" ISAMP WT. I 1'7.47 "MOIST-4 o.oo� Da.Y !.AMP 

o.°" 

1'7.47 
(15 MY) (37..S MM) (lt.0 MM) (t..S MM) (4..7.S MM) 

SIBVB SIZE ,. J" 1 in- 3/4· 3/r 
WBT MATI. A. PAN ACC 17.D7 1Cl5.7.5 147.4.5 1'5.$6 1.56.44 
MASS OF PAN 0.00 0.00 OJ)() 0.00 0.00 
WBT MASS R.ET 17.D7 l()j.7.5 147.<C.5 1'5...S6 1.56.44 
DR.Y MASS R.BT ·17.0, J()j.7' 147.<C.5 1'5.$6 1'6..44 
DRY WASS PASS I N G  1 40...40  51.72 10.02 1.91 1.03 
" OP TOTAL PASSI N G  19.161' 31.M1' °'"I 1.211' 0.6..5" 
· - :-;,, .. - �,-�., .. �� ::· - -�::. �-���-

DltY WT MATI. G RAMS FACT0R. • 1'1'0T PASS NO• .c  J TOTAL WT 
BBPORE WASHING • -412..7 
DISH NO. 

PAN # 10 
DR.Y WASS OF SAMPLB (SIEVED) 
A..FTEJl WASHING • :MU 

SJBVtNG TI ME 10 MIN DATB 1-10 -fJ 

SIBVB ·

1 

M ASS I MASS PACTOl. x " TOTAL IPARTICALI 
NO. R I?T (GR) I PASS (GI) WASS PA.U PASSING D IAMBTERI 

& i 9.60 j �03.10 • 1' 01' 0.6S 1.36 M M  

R EWAllLS 

1, I 13.lO 399.60 TOTAL o.,s 1.18 M M  GRAVB.. 
JO I 20.101 391.00 PASSI!'O o.,s .600 MM SAND 

$0 : 89.80 322.JO o.,s I ..300 MM - 200 
100 ! 260.10 1.n.oo o.2s l .1.50 MM . 075 TO 
200 ! JJ9.oo l 13.,0 o.1s l.D7.s M w  . 005 = 

PAH I )4 !.60 1'IBSTED ay ID I DATE 1 -20-'3 1cu = 

TOTAL i � 1 2.701 CC = 
II ��}.M\�J .=:i'. ., =� 3 · · ,  �tir£M5§ 

MD.4 
1'6.$5 

0.00 
1'6..55 
1'6 . .5.5 

0.92 
0..$8" 

0.001 

99.4% 

0.5% 

0. 1 %  

0. 1 %  

0. 1 4  

1 0.52 

START ; O A1e /AMOUNT 12' ML 
I TE M r  C ln v o  REAQ ii I TIMB 

1 MIN 
4 MIN 
19 M I H  I 
60 MIN 
7HR. UMIN 
2.SH UWIN 

I 
0.00 1 0.0 0.00 0.001 
0.001 0.0 0.00 0.001 
0.00 1 0.0 0.00 0.00 1 
0.001 0.0 0.00 0.00 1 
0.001 0.00 0.00 0.001 
0.001 0.00 0.00 0.001 

SOILS C LA SSIFICATION AND COMMON NAME 
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0.001' 
0.001' 
o.oos 
0.00� 
0.00� 
0.001' 

.0J7 WW 

.019 WW 

.009 WW 

.005 MW 

.002 MW 

.001 WW 

. .. --- .. .. . . - . f I 



DEP1"B SAMPLB NO. 

X-SBC'TION - 13 SUIPACJ! LAYBI. 
TBST BY I � G  0·• c:1ECX BYICOMP 

JllGHT BAN� M AIN CHANNEL EXC. HO. 
SUR PACB LAYER 1 -20-93 IGUKNISO N  R.IVBJl 

PER. CC!NT OP TEST ,rro1. AUOB1 SOLB OVBRSIZB BY VOUJMB 
MAXSIZB I JW IPLUS ti- I 0.01'l,. T0 1%0 I O.OS IJ"' TO SW  o.°" 
P. INDBX 

, . ... -�· ., � ��:· . " -· � .. �- :,,,; ... . ,."· ,r� '.,.:.�.. � .. :� ·}i;��J·.� - . .-
"MOIST+4 o.oos ISAMP WT. I J..&S l1'MOIST-4' 0.00" {DaY SAMPI 3.65 

I . j(75 MM) · (37.5 MW) (U.O MM) (f.S MM) 1(4..7' MM) SAMPUl 
SIBVB SJZB I 3" l 111• 314• 3/1° N0.4 WEIGHED 

1WHT YATL • PAN ACC 0.00 0.00 0.03 0.201 0.33 IM 
MASS OP PAN I 0.00 0.00 0.00 0.00 
WBT MASS R.BT I 0.00 0.00 0.03 G..20 0.33 DLOO 
DltY MASS R BT I 0.00 0.00 0.03 G.U1 0.33 
DltY MASS PASSING I 3.UI U.SI 3.62{ 1.CS 
" CW TOTAL PASSING I 

I 
FACTOl.•1'TOT PASS NO#• I TOTAL WT 

BBPORE WASHING • ,O.J -
D1S11 NO. DllY MASS OP SAMPLB (SU!VBD) 

- 1 0 IAFT13Jl WASHING • 16.7 
SIBVING TIME 10 M il" IDATB 1 - 10-'3 

SIBVE 
I 

M ASS i MASS FACTOR. X " TOTAL I PARTICAL{ .R.BMAJlXS 
NO. RBT GR I PASS GJl MASS P PASSING DlAMBTER. 

I I 1.60 ' .C&.66 • " OP U.lS 2.36 MM 
1, I 2.0CI I .C&..26 TOTAL 17.JS 1 1. 1 !  MM GRAVa 

�--,-------; SAND 30 I voj '47.36 PASSINO "·'" l.600 MM 

so I J.ool '7.26 u.ss I.JOO MM - 200 
1 00  I oo; .cS.96 13.2s 1.uo MM .075 TO 
200 i 1 3. 10 ,  37.16 '7.JS 1.075 MM 1 .oos = 

PAN 
. 

16 .iflrTT:.STED BY BG 
I 

DA'Il! 1 -20-'3 

I
CU = 

TOTAL ! 50.2� CC = 

START 
TIMB 

l M I N  
4 M IN 
19 MIN 
60 MIN 

7:.CS I D A1E 
ITEM P C  I JtYD RllA 

I 21.00; 
2 1 .D'll 
21.ool 
20.501 

u.o 
1'.0 

21.0 
17.0 

7HR 15MJNI 20.001 13.00 
%SIi UMIN 1 9.ool lLOO 

'-°' 21.961 
'-°' 1 8.961 
'-°' l.C.96 
6.17 10.83 
6.JO 6.10 
6.43 '4.57 

S O I LS CLASSI FlCATION AND COMMON NAME 
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Jt.74 S j.Q:37 MM 
3'..31 S .019 MM 
27.07S ./109 MM 
19.60S .OOS MM 
1%.lJS .002 MM 
l.27S .0101 MM 

LllO 

9.0% 

23.7% 

67.3% 

47.7% 
0.00· 
0.00 

(� 
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&AMl'I.I NO. 

'}:,.o 
13 

SPECIFIC GRAVITY OETERMINA TION 
(VOLUME METHOD) 

1. ' LASK NO. _______________________ _ 

2. MASS OP ff \.ASC. • ____________________ ca, 

� YOI.UME OF F LAS K  • ----------------- � 

.. MASS O F s.-£ ctME N -------------------- ,., 

L MASS OF F l.ASIC. • s.-e c1M£N + WATIR _____________ (a) 

I. TEMPE RATU RE .O F  WATE,. _________________ f•c:, 

1. MASS OF F '--'SK • 'NATE R •  1 5J • f') _______________ .., 

I. MASS O F WATE " I N  F LASK • (7> • C2' _______________ .., 

9. ABSOLUTE :,ENSliY OF WA TE R  �T T IM� (I) , q q; ��, 
1 0. VOLUME OF WATE R IN l= \..A.SK • 11) / (I) ___________ 1c:a,:IJ 

1 1 . VOLUME OF SOIL • 1:1> . ( 10>  ________________ �) 

12. SPE CI F I C  G RAVITY • ( 4 1 / ( 1 1 t • • ________________ _ 

1� AVERAGE _______________________ _ 

D q edee USH, SJ:�-

" 0  •O 
0ATI 

TIUAL ,-o. 
2 

3 

1 

oi .� 

'.33.5;2. 
cl _ O  

"2. ;)<.,. I '2. 

,o-r � � 4--

•eai&brataon ce1a from use R 1 0:JO 
••tmDU• 1net for •• ,., , 9 • 1 m l. • , cm:I (;::>. cJJB 
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. ' SAM PLB NO. 
1-%0 -93 
TBST BY I BG 
TOP (MIDD LE) 0 1: 1SLAND SAWPLB 
CROSS SBC11ON t 3 

Pl?RCl!NT OP Tl!ST PIT OR. AUOB� ROLS OVBRSIZB BY VOUJMB 
MAX SIZB j SANI) i PI .. US 12• I O.K ,S- TO  12• I 0.K l ,. TO $9 
P. IN DBX ! • Cl.ASS OP PINBS • 

O.K 

· . .  · . ·. :  w: ·. ,.-�:-m-� 
�·:· :- .Z" � ·�·

. 

� £� ����} 
__... . ·-* P&&..WC 

II OIST+4 0.00� .SAMP WT. 
j{7S MM) 

SIBVB SIZE ,. 
WET MATL cl P A N  ACC 0.00 

0.00 IMOlff-4 
(31.$ MIi) l(lt.O WM) 

I 112• JU• 
0.00 1 0.00 1 

O.OOS I Da.Y SAMPI l78l.20 
(t.3 WM) '(US MM) SAMPLB 

111• N0.4 WBIGHBD 
0.00 I 0.00 IN 

� :I MASS OF PAN 0.00 0.00 1 0.001 o.oo l  0.00 PQVNPI. 
. . . : · WBT MASS RBT 0.00 0.00 1 0.00 1 0.00 1  0.00 1-:ILOOI.M 

--:·. f DRY MASS RET 
·. :: ·· -· DRY MASS PASS I N G 

• 0.00 0..00 1 o..ool 0.00 I 0.00 GR.AMS 
1712.%0 1782.201 1712.20 1 1712.20 1 1712.20 WT.IN PAN 

:. " OP TOTAL PASSING : . . 100.001' 100.001' i 100.00CJ' I 100.oos I 100.00" 1711.2.0 - :,�\;�r-�r�t: � · ::�,:,:.;: -,.. w�::.;a;.;,...t'n'4Wmil 

DR.Y WT MATL G RAMS PACJ"OR•STOT PASS Nol , / TOTAL WT - -
. . BBPORB WAStllN G • soo..o • 0.2000 

. DISH NO. 
D # 1  

t DltY WASS O P  SAM PLB (SIEVED) 
AFl"Et WASHIN G • ,00.0 

., SIEVING TI ME 10 MIN IDATB t-:0-93 
SIBVB I M ASS . M ASS PAC'rOR XI " TOTAL j PARTICAL I 

NO. RBT ( GR) PASS ( OR) M ASS PASS: PASSINO ,DIAM BiERI 
RBMARl:S 

I a I 0.2r ,9uo • «. OP I 100.o� 1 2.36 M M  
. 1 6  I 0.7(: 499.30 TOTAL ; • ff.9� ! 1.11 W M  

I i I 30 9.,t; ,90.70 PASSINO i - tl.1" 1 .600 M M  

so \ llQ.6('. 379.40 ; .,,.,s I.JOO MM 

100  I '.':'i.s  • .sr.  ! ,,.,o 2U9' i.tso MM 

2.00 I .a6J.:?r . 36.IO 7.4s Lo,s M M  

PAN I 500.0C· �STED BYBG 

TOTAL I 500.0C 

DA1'B 1 - 10-93 

GRAVS.. 
SAND 
-200 

1 .075 TO 
i .005 = 
lcu = 
cc = 

HYD RO NO N/A I DISPERSl NG A GENT SODIUM HEX 

0.0% 
92.6% 
7.4% 

7.4% 0.001 
0.00 

START I DATE iAMOUNT lt115 ML 
11MI? i TUM P C · HYD RBAD HYD COR.R COI. �EA D. S  TOT PAS PART D IA. I KEMARX.S 

1 MIN I 
4 MIN I 
19 M IN 
60 M IN I 
7HR UMINI 
%511 •UMIN 

a.or 0.0 
0.0<· 0.0 
o.oc, : 0.0 
o.oo ; 0.0 

I I . i 
0.00 1 
0.00 1 
0.00 1 
0.00 1 

0.00 1 O.OOCJ. 1 .037 MM 
0.00 1 0.00"- I.OH MM 
0.00 1 o.oos l .009 MM 
0.00 1 o.oos l.cm MM 
o.oo I a.oos I .ooz MW 
0.00 1 0.00IJt l .001 MM 

SOILS CLASSI FICATION AND COMMON NAME 

no 
I C  - - --·- · _,,,,,  



�· 

� 

� _·'. -;1: _: 
• . • >, . • .] ·. : .· . . ;. 

DBPTII SAMPLB NO. 

x-sscnoN 13 
TBST BY I J D  � 

SURFACB WATimlAL 
::; CHl!CX BYICOMP 

LBPT B� SBCONDARY CIIAMNBL 
SURFACB MATERIAL OUNHISON llIVl!I 

BXC. HI. 

PERCENT OP TEST PIT OW. .AUOBa. HOLB OVBRSIZB ll'Y VO LUMB O" 
MAX SIZB 
P. I N D BX  

•. '��:-·, ,-,� ... i"'.: �.·:: �:.-- -i-� 
"M OIST+' 

= ·1Jfj��G 
o.oos ISAMP WT. I 

a.os 13• ro r  

6.72 '5 MOIST-� e..oos DR.Y SAWP 

O.K 

6.72 
(37..S MW) (lf.O WM) (9..S MM) (.C.7.5 WM) SAMPLB 

SIBVB SIZE 3" l in• 314• 3,r N0.4 WBIGRBD 
WBT WATL A PA N ACC 0.00 0.00 0.00 0.00 Q.00 
WASS OF PAN 0.00 0.00 0.00 0.00 
WBT WASS R.ET 0.00 0.00 0.00 0.00 
DRY MASS RET · 0.00 0.00 0.00 0.001 0.00 
DllY MASS PASSING I 6.72 6.72 6.721 6.72 

. : � :::- !-1.��; . . ::� .. ; -.. ,c.���- . 
PAcroll• STOT PASS NOi• i TOTAL WT DR.Y WT MATL G R A M S  

BBPOR.B WASHING • so�I • 
DISII NO. 

1 4 3  
SJBVING TI M E  1 0  MIN 

DR.Y WASS OF SAMPLB (SIBVBD) 

.APTER. WASHING • 7.1 
DATB 1 -20-t'J 

SIBVB i MASS : MASS FACTOR. X " TOTAL I PAR TICALI R.EMAllXS 
NO. : R E.T GR I PASS ( GR. MASS PASS PA!SING DlA MlncR 

s 0.001 S0.25 

1, 0.001 S0.28 

30 o.oo l 50.2! 

so 0.20 I S0.08 

J OO  uo l -'&.78 
200 1.so I -42.78 

PAN 7.SO[TESTED BY 

TOTAL .so.2s ! 

• S OP 
TOTAL 

PASSINO 

BO 

100.0S 1 2.3' M W  
100.0S I 1.11! M M  GRAVB.. 
100.0S 1 .600 M M  SANO 

I 9t.6S 1.JOO M M  -200 
97.0S /.150 M W  . 075 TO 

U. l S  , .015 M M  . 005 = 
OATB 1 -10-n 

IC
U :z: 

cc = 

'D .. tZ.� 

DISPBW.SINO AGB.HT SODIUM HEX 

IM 

1.989 

0.0% 

1 4.9% 

85. 1 %  

48. 1 %  

0.00 

0.00 

DATE 1-20-93 !AM OUNT l" ML 
TlMB i TE M P  C I HYD RBA COR JUtA D( S  TOT PAslPARTDJA.illBMARl.:S 

1 WIN I 20.50 1 42.0 $..38 36.62 n...13$ .037 MM 
4 MIN : 20 . .SO I 36.0 $.33 30.62 60.90% .019 MM 
19 MIH 20.50! 31.0 $..38 1'.62 S0.9'% .009 MM 
60 M IN :?0.50 1 24.0 $..38 18.62 37.DJS l.005 MM 
7HR 1.SMIN: 20 . .so l 19.00 $..38 13.62 27..0,% .002 MM 
2.SH 4.SMIN I 19.ool 16.00 ,.,.s 10.25 2Q.39S I .OCH WM 

SOILS C LASSIFICATION AND COMMON NAME 

1 1 1  
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SAMPLB NO. 

1-10-n 
.,... ,;;-t• , ,.. .... .• '�· , " ... -;,,,, • .,.,, 

DBJ'TII 

StBS"B.ATB 
TBST BY I J B  

·yil°"i.,,.,,,�,:,::;,�r�'-:.:al. �  
r 1�t�f�!���:��; /�'�-f/J'f. 
: .,r : :  .• .. . . . . . •. . . ·,, . ..., '!'; • . I orncr BYICOMP 

LBFT BANI( O F  Sl!CONOARY CHANNBL 
CROSS SBCTION 13 SUBSTRATE 

aia ...... , .. 

GUKKISOM R.JVBR. 
BXC. HO. I HBLJ' 

ALT B 
PER CENT O F  TEST PIT OJl. AUGD. BOLB OVBR.SlZB BY VOUJMB 

MAX SIZB I .c 31'" IPLUS 11• I o..Kl,- TO 12° I � IT TO '9 

SIBVB SIZB I 
WBT MATL .t: PAN AC� 
MASS OP PAN i 
WBT MASS RBT I 
DllY MASS RBT I 
DRY MASS PASSING I 

OR.Y WT M ATL G RAMS 
BBPOR.B WASHING • 
DISH NO. 

a a  # I 

3• 
1S.77 
0..00 

lS.77 
"15.77 
57.16 

776.S 

SIEVING TI M E  1 0  MIN 

'71.63 II OIST-4 0.00" D�Y SAMPI 
(37.$ IOl) (lf.O WM) (t.$ MIi) (US IOI) 

1 1/r  3,C4• 3,r N0.4 
%737 39.71 '°-61 '7.21 
G.00 0.001 

'r131 39.71 
%737 3t.71 
� 33.911 

FACTOa. •STOT PASS NO# 4 / TOTAL WT -
DRY WASS OF SAWPLB (SIBVBD) 
APTBa. W ASHJNO • 77'-.J 
DATI3 l - 21-93 

G.01' 

SAMPLB 
WBJORBD 

IN 

0.028' 

SIBVB ·
, 

M /\SS I WASS PACTOll. X 1' TOTAL PARTJCAL I 
R.EMAllJ.:S 

NO. RBT (GR) , P/\SS (GR) MASS P PASSING DlAMBTIZR 
g 130.9'.' i 6,S.60 • " OP 1I-'CJ' 1.3' M W  
1 6  ! 1 80.�r ; 596.30 TOTAL 17.1 CJ' 1.18 M W  

30 :109.6{" ; � 66:90 PASSilfG 13 . .CCJ' l.600 M M  
�---,.---� 

.SO j 627. J C I  1 49.40 4.JS .JOO MIi 

100 I 7�s.5rl 21.00 o.,s .150 MIi 

100 j 772. 70 I l.SO 0.1 CJ' .075 M W  

GRAVEL 
SAND 
-200 

.075 TO 

.005 

PAN l 776.SC'FSTED BY 

TOTAL 776.SCl i 

Ja DATB 1 - 21 - fJ 

I CU 
= cc :::z -

n.8% 
22.1 %  

0. 1 %  

0. 1 %  

70.27 

4.64 

I D ATE AMOUNT �lJ M L  
nMB � M l' C I J IYD RBAil HYD coa.•co� a.BAD(" TOT PAS PAR.T D IA.IRBMAR.J.:S 

1 M I N  I o.oo I o.o I o..o 0 1  0.00 
-4 M I N  
1 9  MIN 
60 M IN 
7HR. UM INI 
2511 HMIN 

o.ol 
o.ol 
o.ol 

0I 0.00 1 0.009' I.Olt MW 0.00 0.00 
0.00 0.00 o._�9' l.oo, ww 
0.00 0.00 0 1  0.00 1 0.OOCJ' I.DQS WM 

0.00 0.OOCJ' l.0112 MM 
0.001 0.009' I.DOI MM 

SOILS CLASSIFICATION AND COMMON NAME 

1 13 
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DEJ'"TR SAMP'LB NO. 

X- SBCTION - ,  
'raST B Y  B G  

�4� -'i�;f.\�)' .. 1u{o}��1.'f�le:,;:;G·��- ,.. · r �- �-
1 ·(-- • • •• •• • "· · • ••· " ..... • 

� ��-¥-,�i"=S(�.t-�tt,,'ft� ,-:-.-:,. .. .. � 
� Ifr i ·".'·r�t: ·._.�;.-:-:.·-�./:::-��:t;- ::·:rt�.,. �,·. -:. I I

SUltPACB MATBJtlAL 
CHBcr BYicoMP 

Cl3 a D'G.A. ... ,. BXC. MI. 
1 - 2 1 -93 IOmoflSON Jlrvtm 

PERCl!NT OP TI!ST Prr Oil AUOB .. HOLE OVBllSlZB BY VOUJMB 
M AX  SIZE I FI NE SANri PLUS 12• I O.K ,_,. TO 1%9 I 0.09' IJ9 TO J9 0.0" 
P. INDEX 

� 

" M OIST+4 0.009' I SAMP WT. 

SIEYB SIZE I 
WET MATI. A. PAN ACC 
WASS OP PAN I 
WBT MASS RET I 
DRY MASS R ET ! 
DR.Y MASS PASS I N G  I 
" OP TOTAL PASSING I 

BBPOR.E WAS H I N G  • 
DISH NO. 

1'1'304 
SIEVING TI M E  

SlBVE 
NO. 

I 

M AS S  
I RET ( G R  
I o.oo 

3• 

0.00 
0.00 
0.00 

. 0.00 
1.71 

50.31 

10 M IN 
MASS 

PASS (OJl) 
50.34 -

1 ,  

30 

50 

1 00  

200 .. --
PAN --

TOTAL 

IE:iil 
HYDRO 
STA RT 
TIMB 

--
1 M I N  
4 M I N  
U M I N  
60 M I N  
7HR l.5MIN 
25H -4SM DI  

0.001 
I 

0.20: 

0.60 I 

f .80 1  

6.20 I 
j 

7.20 

SO.JOI 

125680 

50.34 -
50.14 -
49.74 -
4LS4 -
'4.14 

· STED BY 

7:J.S !DATE 
TE M P  C I HYD RBA 

21.00 I 35.0 
21 .ool  33.0 
21.00 I 26.0 
21.ooi 20.0 
20.SOI 13.00 
t9.ooi lLOO 

1.11 1'1101ST-� o.oos Dlt.Y SAIIP 1.71 
(37-' MIi) (19.0 WM) ('-' MM) (4.75 MM) SAMPLB 

1 11Z· 314• ltr N0.4 WEIGHED 
0.00 o.ool 0..00 0.00 IM 

0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.001 
1.71 1.71 1.71 

FACTOR.•"TOT PASS NO# 4 / TOTAL WT - 1.986 
DI.Y KA� OF SAMPLE (SIEVRD) 
AFTHJl W ASHDI O • 7.% 
DATB 1 - 2 1 -93 

FACTOR. X '-" TOTAL PARTICALj R. ID,( All 1: s 
MASS PA.!.S PASSIN G  DIA).(BTt!R 

• 1' OP 100.0S 1.36 MW 

TOTAL 100.0S 1.11 M W  GRAVEL 0.0% 
PASSINO tt.6S 1.600 M M  SAND 1 2.3% 

ti.IS I.JOO M W  - 200 87.7% 
9'.4 s l. iso M M  .075 TO 
'7.7 S I.on M W  .005 = 60.8% 

BO DA'm 1-2 1 - n  cu = 0.00 
cc = 0.00 

DISPBRSINO A GBHT SODIUM HBX 
1 -lt-'3 !AMOUNT 115 ML 

COi. JlBAD:S TOT PA�PARTDIA. IREMAR.1:S 

6.43 21.s2 I s,.u� .037 MW 
us 26 . .52! 52."� .OU MW 
us . 19 . .52 1 31.78� .009 MW 
6.41 13.52 I 26.S6� .005 MM 
6..60 6.-40 1 11.7 1 %  .002 MM 
6..96 .C.04 1 S.03% .001 WM 

S O ILS CLASSI F1CATION AND COMMON NAME 

1 14 
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DB1111 SAMPLB NO. 

X - SBCTION # '  moHBR. STAGB 
'Il!ST BY I B G  arncx BYICOMP 
BAR. AT1UGHBR STAGE 
NEXT TO GR.ASS OUXMlSO N IUVBa 

EXC. HI. 

PBRCl!NT OP ll?ST rrroa AUOEm BOLB OVBR.StzB BY VOLDMB 01' 
MAX SIZB I CS  IPLUS 1%9 f G.Kl�TO U- I G..01'lr n> r  
P. INDBX I · ·;,�,-i· -��-<Y. , • 

·: ·-fr;,· ·  .. '·i , i".,i..� ..... .. :: ·' . ,,. ........... .. ' 
"MOIST+.f LTI "MOIST-<4 o.oos l oaY SAMP 

(37-' MK) (lf.0 MM) (f.$ MM) (-t..75 IIM) 

Cl..01' 

SIBVB SIZE 3• 1 1/r  314• J/1• NG.4 WBIORED 
WET MATI. � PAN AC 
MASS O P  PAN 
WBT MASS R.I!T 
DRY MASS R. BT 
DRY MASS PASS I NG 
" OP TOTAL PASSlNG 
. ")� ?�� .. �.. -�· - .,-� ����!�<:: -�t' •. '. ·:;��}? 

0.00 
0.00 
0.00 
0.00 
L71 

0.00 0.00 Q.00 0.001 
0.00 0.00 Q.00 

0.00 0.00 0.00 
0.00 0.00 0.001 0.001 
1.11 1.71 L71 

DllY WT MATI. G RAMS 
BBPOR.E WASHING • IFACT'Olt•1'TOT PASS NOl 4 / TOTAL WT 

54.4 • 
DISH NO. DllY MASS OP SAMPLB (SJHVBD) 

#2 AP'T'BR. W ASHINO • 12.J 
SIBVtNG TI M E  1 0  MIJII DA'Il! 1 -20-n 

SIBVB FACTOR. X " TOTAL PARTICALI RBMAR.�S 
NO. I MASS I MASS 

R.BT (Gil) PASS (Oil) MASS PASS PASSING DlAMB"ra 
8 I 0.20: 54.2' • S OI' 

I I 
1, 0.301 54.05 TOTAL 

30 I o.•o l 53.95 PASSINO 

so I 1.ool 53..35 

100 I 3.40: 50.95 

200 I 10.601 43.75 

PAN i ' J:!..J()fffiSTED BY •o 
TOTAL I 12.30 ! 

... '� .:" ..... .. ' I ' . ... �,-
. .. ... . ··." 
HYDRO #25! 1 1  
START S:OJ  I DAT'E 1 -10-,3 
11MB ITI!M P C I HYD RBA 

1 M I N  I 1 1 .C'l I 36.0 6.19 

4 MIN ! z 1 .0.1 I 31.0 6.19 
lf M IN I 11.00 I 25.0 6.1t I 
60 M IN I 20.50 1 n.o 6.33 
7HR. 1.5MINI 10.00 1 16.00 6.41 
2.5H -4.SMIN I 1 9.ool 13.00 6.77 

"-'� 2..36 M W  
H.C� 1.1! M W  GRAVEL 

H.3� .600 MU SAND 

,u� .300 MU -200 
tl.7" .UO MU .075 TO 
so..s� .075 MU .005 :::,r 

DA'm 1-20-tl cu = 
cc -

29.51 I s,.as'-"' l .037 MM 
24.51 H.'5<J. .0l9 MM 
1&.51 J.4.61 � .009 MM 
1.1.67 21.13" .OOS M M  
9.Sl 17-'2S .ooz MM 
6.23 1 1.,6� .001 MM 

SOILS CLASSI FICATIO N  AND COMMON NAME 

1 16 

IN 

1.340 

0.0% 
1 9.5% 
80.5% 

51 .7% 
0.00 

0.00 

., 7 
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M S-IU t l M S )  
, t..nau oC bctaffla&ao• 

TO : Head , Sed i mentat i on Sect i� 
Attent i on :  0-5753 

FROM- : Head , Land Suitab i l i ty Sect i on 

UNITED STATES GOVERNMENi 

memorandum 

DATt: 
Denver, Col orado 

- Hay 1 1 ,  1 993 

su&1£CT: Transmi tta l  of Laboratory Analyses of Sed iment Sampl es (laboratory )  

Encl osed are the resul ts o f  the l aboratory analyses for the Gunn i son River 
sediment s ampl e s  submi tted by Joe Lyons to the Interregi onal So i l s  and Water 
Laboratory . 

For further i n format i on ,  pl ease contact Jul i Fahy at 236- 9286 . 

{ . � 

Encl osure 

cc : 0- 5700 , 0 - 5710 , 0-57 1 5  { Fahy) 
(w/o encl to each ) 

WBR : SConway : j s : 5/l l/93 : X68384 
( LABANAL : D- 57 1 5 : Di skS } (RES-3 . 00 )  
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U.S. BURBAU OF RBCLAMATION 
LAND SUITABILITY SBCTION 

INTBRRBGIONAL SOIL AND WATBR LABORATORY 
DBNVBR, COLORADO 

(303) 236-9286 

TRANSMI1TAL OP REPORT AND/OR DA.TA 

DATE: Ma7 13,1993 

TO: Joe L10ne 
Sedimentation Section 
D5753 

PROJBCT: Gunnieon River 

NO. OP SAMPLBS: 1 

NO. OF ANALYSBS: 2 

.:. 

TBCBNICAL APPROVAL: � ;::;;..,,4-

-:-
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PARTICLE SIZE ANALYSIS SUM MARY 

LAS NO. 1 

FIELD NO. ISLAND XS - GUNNISON RIVER 

TOTAL WT. OF SEDIMENT (g) 

TOTAL 'It SAND 

TOTAL % SILT 

TOTAL � CLAY 

% Y. COARSE SAND • 

tr. COARSE SAND • 

% MEDIUM SAND • 

� FINE SAND • 

tr. V. FINE  SAND • 

� COARSE SILT = 

% MEDIUM SILT • 

% FINE  SILT • 

41. V. FINE SILT s: 

8.8422 

70.30 

27.63 

1 .69 

STATISTICS FOR SILT & CLAY PORTIONS 

\VT. OF SILT & CLAY (g) 
�EAN SIZE (UM )  

SIZE BREAKS (UII) 
1K • 
is% = �-

&.12 

1.27 

25.71 

10.79 

3.27 

10.41 

10.81 

5.17 

1.37 

1 .17 
30.83 

51.12 
40.50 
25.12 

t5 .. := .. _ .- ·- .- _ ---·-- ·· - 14.,j_l 
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Colorado State University 
Engineering Research Center Soil Laboratory 
Man:h 1 9, 1993 

U. $. Fish and 'Mldfffe Service 

Rio Chama River 

Tested by: J. Burgi 

Sample: Substrate #1 - 1 .2 miles downstream of El Vado dam 

Sieve Size Pacent 
us 

(mm) On) Standard 
101 .6 4 100.0 
76.2 3 96.9 
63.50 2.5 94.4 
50.80 2 87.8 
38.10 1 .5 78..8 
25.00 1.000 1 68.9 
19.00 0.750 3/4 54.0 
12.70 1.200 1/2 48.2 
9.50 0.375 3/8 41.2 

4.700 0.1850 4 30.3 
2.830 0.1 1 10 7 25.8 
2.000 0.0787 1 0  22.8 
1 .410 0.0555 14 19.3 
1 .000 0.0394 1 8  14.8 
0.500 0.0197 35 6.5 
O.A20 0.0164 40 5.2 
0.354 0.0139 45 4.4 
0.250 0.0098 60 3.0 
0.210 0.0083 70 2.5 
0.125 0.0049 120 1 .4 
0.075 0.0029 200 0.8 
Pan Pan Pan 0.0 
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Colorado State University 
Engineering Research Center Soil Laboratory 
Mard'a 19, 1993 

U. S. Fish and Wildlife Service 

Rio Chama River 

Tested by: J. Burgi 

Sample: Substrate #2 - 1 .2 miles downstream of EJ Vado dan 

Sieve Sae Percent 
us Passing 

{nvn) (in\ Standard 
152.4 6 100.0 
101.6 4 94.3 
76.2 3 85.4 

63.50 2.500 78.9 
50.80 2.000 73.3 
38.10 1 .500 ee.9 
25.00 1.000 1 58.9 
19.00 0.750 314 54.5 
12.70 1.200 1/2 48.7 
9.50 0.375 3/8 44.8 

4.700 0.1850 4 35.5 
2.830 0. 1 1 10 7 29.9 
2.000 0.0787 10 28.2 
1 .410 0.0555 14 22.1 
1 .000 0.0394 18  16.4 
0.500 0.0197 35 .  7.4 
0.420 0.0164 40 8.2 
0.354 0.0139 45 5.4 
0.250 0.0098 60 3.6 
0.210 0.0083 70 3.0 
0.125 0.0049 120 1 .6 
0.075 0.0029 200 0.8 
Pan Pan Pan 0.0 
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Colorado State University 
Engineering Research Center Soil laboratoc y 
March 1 9, 1993 

U. S. Fieh and Wildlife Service 

Rio Chama River 

T..-d by: J. Burgi 

Sample: Armour Layer #1 - 1.2 miles downstream of El Vado dan 

Sieve Size Pacent 
us 

(mm) (in) Standard 
213.4 8.4 100.00 
152.4 6 63.85 
101.6 4 30.n 
76.2 3 25.22 

63.50 2.500 13.98 
50.80 2.000 8.09 
38.10 1 .500 4.37 
25.00 1 .000 1 2.92 
18.00 0.750 314 1 .82 
12.70 1 .200 112 1 .46 
9.50 0.375 318 0.81 

4.700 0.1 850  4 0.50 
2.830 0.1 1 10 7 0.38 
2.000 0.0787 10 0.28 
1 .410 0.0555 14 0.21 
1 .000 0.0384 18 0.14 
0.500 0.0197 35 0.12 
0.420 0.0164 40 0.1 1  
0.354 0.0139 45 0.10 
0.250 0.0098 60 0.09 
0.210 0.0083 70 0.06 
0.125 0.0049 120 0.04 
0.075 0.0029 200 0.00 
Pan Pan Pan 0.00 
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Colorado State University 
Engineering Research Center Soil Laborat0ry 
March 1 9, 1993 

U. S. Fish and Wildlife Service 

Rio Chama River: 

Tested by. J. £ugi 

Sampte; NmrU layer #'2 - 1.2 miles dcMnstream cl E Vado clan 

Skwe SiZe  Percerl 
us Passi,g 

Cmm\ fin\ Standard 
313.9 12.4 100.00 
274.3 10.8 41.ee 
152.4 6 41 .66 
101 .6 4. 41 .66 
76.2 3 39.03 
83.SO 2.500 �.'i7 
50.80 2000 2283 
38.10 1.500 13.62 
25.00 1.000 1 4.fil 
19.00 0.750 3/4 3.24 
12.70 1.200 1f2 1 .76 
9.50 0.375 318 1 .31 

4.700 0.1�.::0 i 4 0.63 I 2.830 0.1 1 10 I 7 0.37 
2.000 0.0787 i 10 0.27 
1 .410 0.0555 ! 14 0.20 
1 .000 0.0394 I 18  0.14 
0.500 0.0197 t 35 0.08 
0.420 0.0164 40 0.07 
0.354 0.0139 45 0.06 
0.250 0.0098 eo 0.05 
0.210 0.0083 70 0.04 
0.125 0.0048 120 0.03 
0.075 0.0028 200 0..01 
Pan Pan Pan 0.00 
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U. S. Fish and VVildlife Service Tested by: J. Blr;i 

Rio Chama River 
Sample: Sandy surface material - 30.3 miles dcMnstream m B Vado dam 

Sieve Size Pen:eut 
Passiltg 

(mm\ (In\ 
9.525 0.3750 318 100.00 
4.700 0.1850 4 98.73 
2.830 0.11 10 7 98.21 
2.000 0.0787 10 97.33 
1.410 0.0555 14 94.72 
1 .000 0.0394 18 !1.PiT 
0.589 0.0232 30 63.22 
0.500 0.0197 35 50.74 
0.354 0.0139 � 37.04 
0.250 o.oosa eo 25..87 
0.210 0.0083 70 20.41 
0. 125 0.0049 120 4.18 
0.088 0.0035 170 
0.075 0.0029 200 1 .51 
0.083 0.0025 230 1 .29 

Pan 0.00 
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Cok>rado State University 
Engineering Resean::h Center Soil Lab0nmxy 
March 1 9, 1993 

U. S.  Fish and Wildlife Service 

�o Chama River 

Tested by: 

Sample: SUbsttates #1 and #2 - 1.2 miles downstream of B Vado dam 

Spedffc Gravity Analysis of material passing US Standard M sieve 

Mass of Flask. g 
Volume of flask, anA3 
Mass of specimen, g 
Mass of flask + Sf)ecimen + water, g 
Temperature of water, C 
Mass af flask + water, g 
Mass of water in flask 
Absotute density d water, g/cnr'3 
Volume of water in flask, Cffl"3 
Volt.me of soil, anA3 
Soecific aravitv 

Substrate #1 &bsb ate #2 
174.00 174(.00 
500.00 500.00 
189.90 200.00 
787.00 793.48 
22.00 22.00 
597.10 593.48 
423.10 419.48 
0.998 0.998 

423.-95 420.32 
76.05 79.68 
2.49 2.51 

1 35 

J. Burgi 
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Colorado State University 
Engineering Reseach Center Soila Labo. ata y 
March 1 9, 1993 

U. S. Ash and Wildflfe Service 

Rio Chama River 

Tested by: 

Sample: Subs1iatw #1 and #1. - 1.2 miles d0Wlm98ffl d 8 Vado dan  

• Specific Gravity Analysis d material retained on a US Standard t-4 sie¥9 

Subsuata #1 &lbaaaa #2 
Weight � dry mab!lriat, g 1978.0 18ee.9 
Weight of SSD material, g 2017.0 1888.8 
Mass of material in water, g 1213.5 1 135.0 
Apparent SG  2.59 2.55 
Butk soecific aravttv 2.51 2.51 
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United States Department of e. Tiiter1or 

IN REPLY 
REFER TO: 

WC0-220 
us-J . oo 

Memorandum 

. - . . . : ,._ . . BUREAU OF RECLAMATION .:.l . ..  • ' · · · • •  i '-".:. I 
WILLOWS CONST�UCTION OFF1C ! 1 3  Z,? i 1 140 West ,.,_ ood Street 

I I 1 
P.O. Box 988 .-----..... t 

WILLOWS, CALIFORNIA 959 I I 

APR 1 ,.. :::, C ·----� ).--/-·=±::J 
i I I 

:lu:t fl c.&t \ :'!: 

Pro�ec: 
To : '� Assistant Coanissioner - Bngineerin9 and · . Attention: D-1530 ( Perry Johnson ) 

rol �� 1 . :. 
rrcm: Acting Project construction Engineer (.&)"l".)rd 

Subject: Physical Properties and Gradation An&lysia--Bonolulu Bar--Sta.nislaua 
River Project , California ( Soil Analy•i• ) 

Attached is  the laboratory physical properties and gradation analy•i• . 

f)� ;t� 
Enclosure 
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HYDROMETER ANALYS I S  
T ltlE READ INGS 7hr -

4111 i n  1 9rn 1 n  60m , n  I Srn , n  
25h,- -
45n1 1 n  

0 

1 0  

20 

30 

40 

50 

60 

70 

80 

90 

e 
75 37 5 1 9  9 5 4 75 

L __ __ _ L._. 
---:1 -.,_( --4 1 00 

2 J6 I 1 8  6 425 l 1 5  075 0J7 0 1 9  009 005 002 00 1 
2 

I I I I I I 1 1  1 I I I I I I 11-LLJ . .  J -1_1 I I I .U....1-1-1 I I ULLLl I I I I 
50 I B 5 I O 5 0 I 0 05 0 0 1  0 005 0 00 1 

D I AHE l ER OF PAfH J Cl .E I N  M J LL J HE T E RS 

I 
tn�otc 

I snfile I 
F IN£s 

I COARSE J f lHE -COARSE I HEQ1!J�__] ___ f.!NE 
PIIYS I CAL PROPERT I E S  SlJMHARY --------------------- ---------------------. 

fEATl JRE l tYOROl . OG I C  I .no rno ,rc r t lY (mOI. OG I C  l. f"IO/f 1 S1 1  f"INO U l l OL l f E  SERU I C[ 
on 1 1 1. tun E on· , 1 1  , cc l 
SAMPLE Hllt10ER f,5Y - I 
NU l l:. S  Sp<i 11er f u, · 11,c,J Ufl · D  &un,, , I .. l 1 1�1 1 f f 1 c.; 1 e1 1 l  ornounl of  - ZOU ( '1  J69 ) 

AT TEROERG L I H l 1 S  
�;Pr.c a r  I C  liUOU I I y 
GHAl>nl I UN 

NO T E S T  PEHFORHEO 
1 1 1 1 11 1 :\ t..lu •I l If, 

f 'cr c:cnl  G, uve l ] 7  3 Pcrccnl Sond 
Ur,H ' "'"' > ;, 115 1 050 c ,,,n, > 7;,n 
f'. 1 1,1 1 f 1 1  , ,. , . ,  1 1 1 l ' u, v t • l ur ·a le 'l /  

59 I Pcrccnl F 1 nca  l 6 
(> JU J5H O I O  C "'"' > I fi .1 
L c ,11 l l 1 c:. 1 01 1 l  u f  U1 1 1 f u1 ·111 1 l� lu  I I 1 -1 · 1 
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( J  er laJ 
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?HYS:cA:. PRO?ER::ts S01'.."'.A.RY 

r"-ATURE : HYOROLOC:C I.AB 
E SERVICE 

PRO..,�C'!' :  :?Y�Ro:..oc:c :..AB/ F:SH AN� w1:.=::r 

ORIL:. HOLE : 
SAMPU: NUMBER: 6SY-l 
NOTES : SpG pe:for:ned on -a sample . 

A"!"TERBERG LIM!TS 
NO TEST PERFOJUia:D 

SPEC!rIC GRAVITY 
Minus No . 4 :  2 . 76 

GRADATION 

DEPTH: !eet 

Insufficient a.moun� of -200 c , . J 6g )  

Percent Gravel :  37 . 3  Percent Sand : 59 . l  Pe:cent Fines : 3 . 6  
D60 (mm) : 2 . 851  DS0 (mm) : . 728  D30 : . 358  D10 (nc ) : . :. 63 
Coefficient of curvature Cc : . 27  coefficient of Onifo::ity C-� : 17 . 44 

O . S .  STMmARD 
s:zw OPE!iING 

3 •  
l 112 · 

J /4 · 
3/8 · 

O . S .  STANDARD 
SIZVE Nt1MSERS 

#4 
#8 
#16 
#30 
#50 
#100 
#200 

Bn.ROM!: ... !..R AN�Ys:s 
�IMt READINGS 

lmin 
4min 

l9min 
60min 

. DIAMETER 
(ID ) 
75 . 0  
37 . 5  
19 . 0  
9 . S  

4 . 750 
2 . 360 
1 . 180 

. 500 

. JOO 

. :.so 

. ns 

. 037 

. 019  

. 009 

. oos 

143 

PERC!NT 
PASS:NG 

100 . 0  
100 . 0  

92 . l  
63 . 8  

62 . 7  
5 9 . 0  
5 6 . 5  
4':' . 4  
2� . :.  
s . o  
.: • 6 

J . 5  
· .  2 . 0  

� - 0  
: . o  

'!'ABU: -----
l_ 
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L J  
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r 1  
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r-1 
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n 
� _j  

ri 

n 
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r··, 

- J  

,- , 
t-J 

.r, 

u 

·� 
LJ 

r l 

u 
- 1 

... j 

j_..,: 

- 1 

�j 
LJ 
,-� -

u� l 
, l  u, 

7- a • s 1 (9�,, 
au, .... of JtcciamaUoll 

SIEVE SI ZE 
M ASS  O F  CONTAINER AND 

RETAINED MATERIAL 

MASS OF CONTAI NER 

WET MASS RETAINED 

OlllY MASS RETAINED 

DRY HASS PASSING 

" OF TOTAL PASSING 

GRADATION ANALYSIS 

PROJECT 
�Li.�, c,�c ·,,  
EXC. NO. lo,, .. , L . . .. 
I ,�.i r .� .. -.. · .... : · � · � '"'· - , 
G RADATION OF GRAVEL snes 

OHtsnaUOft USBR 5 J2 S­Dn.tcnauoft USBR $ 330--­
De-s,saauon USBR 5 3Js .:: 

F EATU� E \ .. - '
(. 

1 ' \ • .  
,..•ro � ' 

\,.. 

aA TE I % MOISTURE CONTENT OF • NO. 4 -r,-c;_, WET MASS OF TOTAL SPECIM EN 

% MOISTURE CONTENT OF • NO. , TOTAL DRY MASS � 4,
E�i� /_i, 

3"' 1 -11:r· I 3/4.. I 318.. I NO. 4 PAN 
(75 mml (37.5 mml f 19.0 mml (9.5 mml (,US mml 

! 1 . 1..1 q , w 

1&� 1 .tlf 
GRADATION OF SAND �ZES 

A , r � : �  

DRY MASS OF SPECJMEN � 3 ,3 z I FACTOfll • �··;·
;;
-
:-;

'
:;

A
�L=����:.!: 

DBY M 
. . ., 9- e .,_ - 0, 9 

ISH HO. t 5� 
I EVINCi TIME 

1 6  

30 

so 
t oo  

100 

PAN 

TOTAL 

DRY MASS OF SPECIMEN (SI EVE0I 

.,-, DATE 

7S llm 

DATE j CHECKED B Y  

� -4-�:i c.., - . .:: ,  

HYDAOMETER ANALY�S 

YOROMETER NO. � I G -, _, \ l -'--

DISPE RSING AGENT (, . 
TARTIN G-TTME 

lo 
'DATE - -. -

: 1 1 � -5 -� ;,  

REMARKS 

- ! tO . �  

l - -
-· '""") mL 

� 

I TE�P I HYO HYO I CORR b 0c R EAD COR R  . READ < 

l /'1. J IQ-� Vi : 3. �� 
I '� . .:> I q0 I b/·2 f 3.o r" � 
I I I - I �i 

� OF TOTA L 
PASSING 

PARTI CLE 
DIAMETER REMARKS 

I .. min 

19 min 

60 min 

I ,q_ � � 6 & .5 . :: .() :r >5f' er- ,, 
; AUXI LIARY TESTS: II� I) I 7 ,, I l, . � I ' I  O Yo� I , D I USBA 5205-_ -

'1,,., I . 7  I :; I I �� 2 um 
' USBR 5300-_ _  

I I I 
DATE 

- (  _ , ) 
• Not required for stancara ien. 144 
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1.1 519 (1 0.S6) 
Bureau of RccJamaUon 

SPECI FIC GRAVITY D ETERM INATION 
(VOLUME METHOD) [)njsnanoa CSBR n:o. __ 

sl�o.:_ ) PROJ ECT F E A':'\JRE 

Ji u.A  
SPECIMEN NO. I,,., v n Q  m O  

,. F LASK NO. 

2. MASS O F  F LASK • (g) 

3. VOLUME OF F LASK • (cm3) 

'· MASS OF SPE CIMEN la) 

5. MASS O F  F LAS K + SPECJMEN + WATE R (g) 

e. TEMPE RATU R E  OF WATER t•c, 

,. MASS OF F LASK + WATE R • (5) • (.iJ (g) 

a. MASS OF WATER IN F LASK • (7J - (2) (g) 

9. ABSO LUTE DENSITY OF WATER AT TEMP (&) (G,/cm3) 

OA iE I 

Y- r- f.J 

TRIAL NO. 

½ !a 
/ . 5� 

4 --.. I.J �'\ -· · �  
'<C�i . :  · L� I ' . . 

/ q, 2 I 

2 

5 "2... 
1 1;e_. G= 
� UC!. ,� 

,2 L/ 
3q7, 37 

1 c; :-. 
. • j 

'3d.3. )3 
�:,.,�.Y2'1 

,"' c1a·; -:; 1,.:.. 
"'--" - · · �  ..,1 .,_,,, J I o ,CRt<<S I - � - -

10. V O LU M E  OF WATE R IN F LASK • (8) / (9) (cm3) ��- 8�r 
?� , %'9 /1  1 1 .  V O LUME O F  SOI L • (3) - ( 1 0) 

1 2.  SPE CI F IC G RAVITY • (.i) / (1 1 )  • •  

13. AVE RAG E 

•ea11bratlon daa from USSR 1 o:JO 
• • 1mpU" Ulai for waiar 1 a • 1 mL • 1 crn3 

½ I '3 l:,o ,... 
,� � -· 

-----5L.J. J O  � cx1 7 ,  ft::> r.;C c �  

(cm3} 

m ?t e *· e 
--� ..--"'\. 

- 4.. ) (__J 

-I -;;c:.c. 

�- ?\ ,,,....  /1 :..; ;_,1 / j  
,_ - ,  t:><' ·  I u, c,1.72  

,.,-ol· 7 :/ ' "' 
f\� LJ �  �I) , C: l/i  h t · I c ,...___\ " � u � i- ' .. _ ,  -er 

tr1 e --H  ) 't='.r  -eos-� \ 
· cl ec.. : \ , Y.\ \ 'P �c�. oO 

Sea_\ e . t> B �u 6a w e  i�h = +a) + L,. ) C  

C h ec Cc= d 1:, - try �  {_ 'uea r 1 ,t) 
�� e,,,.., ' .C ' ... C - ·· � I ..... (· I ' C  (_\ ' -� u , - "C.. 

� 2' 5'a ,- , ,� l '2-

r\ . . . ( 
--. ... , r - .- . ' r-. �_,, , � --- "' . - � I �r, (j C) C,., J r ;  � \ 

� • 145 _ � 
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7 r ....._ 
r 7 . .  ...._ -' 

r 
I I. 

' 
__J 

r � J r __ J _J f .. , -1 _ _J ___ ........ 

• •  '" " ' 
Q. 

•·-
tJ 
h i  fl 

GRADAT I ON TEST 
S I EUE ANALYS I S  t lYOROMf TER nNnl . YS I S  

u s  SfntK>AR() S I EVE Ol'fN I Nr. 1 1 1  :; S l ntmnuu S l tV( HlJlllJUCS I l lt1E REAO IHGS 7h.- - 25hr- -
l" I 1 /2" J/•I " J/0'' 1 4  1 8 1 1 0 1 1 6 1 30 1 40 1 50 1 1 00 1 200 l ,n l n  4m i n  1 9111 i n 6Bn1 1 n  I Sm t n 45n1 1 n  

, 00 0-0-r� 
_ _ ,-

1
� l I ,- .---·-, ·· ·· ·· ··· --- , ., 

90 I ,-· ·
·
·-· -r·--- 1='1::-1 "< i�•= •= •=•-•-•---- --- --- --- ----t -· ·--

1 0  

00 , --- •----

·,o 

L. 
- 1--· 

.. 1 ·••• 1 ··-· 1 .. ___ _ 
· ·- 1- -- ·-·--

-r-r-. r,r .. i_ 

zu 

30 
- - - - -- I . .. .. • .  I "'' • -· • - •· - •· - I ' - - - • . . I '1U 

50 ,----•--- •----•---- •---- J ___ I _I__J\-,-,-,-J I r- 1  I I - 1- -- - 1 -\-· - - --1- -1--
I · · I · ·--- · 

40 1--1--1--1-1--1- )- ·-- --1 
I

---,--,--

JO L=:� 1 · -··-- · --- ,_ .. __ _ ... . . . . _: __ J_ -1--·1-1 -•-
2ff 

1-- -- ·- .-... .. - - -- I · I · ·  . . . · ·--··-- ·· ·- - ... _ .  ___ , ___ ) __ _ 
-- -- -- -- · r-· -- ,-

5n 

fi{) 

7l:J 

uu 

90 1 0  '-1== == -==· _·-_-· J_-__ ·==--· =1=· -·- -........... --...... -. --r-==«r===•t=4 I I e •·---· ·--- --- --- --- .J __ . .. ___ . _ __.__.._ __ .._ _ __., ___ .• __ __. ______ .._ ____ ..__ ___ .._. __ _._ um 
75 l7 5 1 9  CJ 5 4 75 2 J6 I 1 0  C, '125 l I S  0 7 5  03 7 0 1 9  009 005 002 U H i  

2 
.l _Ll .. _ l _ l �--.l ___ l J J I .J L. L_ t .. _  .. t .  ____ ,_ J l l 1 1  1 .. 1 . . 1 . . . _. L .. _ __ l l . l l I . I .  l . _ l. ___ .1 _____ . 1 1 1 1 1  I . I . .  J __ .. I .  . . . I 

5H I n 5 I II !i n I U I)� 0 U I U OU� n nu I 
I> I I IM[ U. H ( If Pt'IH I I C l  £ I N  H I  l . l .  I 11[ I I: H S  

I. Mf!l�I, ,--·--· 1 ·---· ··· · ·· ·- · · · - - - · !Jf\�1n · · ··· ··· · - ····-··---·-- ·1 · ·------�r1u"" . -·-·ronns.:--- r · rnt--· ·· . -�nnns£- 1--n�nmH'... . 1 .fJ�NE _____ . f >I IYS I C:01 . PROP£R T J [ S  SlJHHARY 
rEAHJHC I IYOHOLUG I C  L nD -- - PRO JEC T t lY Ofml OG I C  L OO /F I St l  nuo U l l OL l r E  SERV I CE 
l>H l l  L t lOl. E  UU' 1 1 1 f ar.i l 
SnHPLE Nl fHDER 65Y - 2 
NOTES . SpG pa� rormad on -0 �omp l a  l n&u f r , c , anl  umount o f  - 200 ( I  489 > 

n l l EHOERG L I H I T S  
SPEC I F I C  GRAV I I Y  
GRnOn l I ON 

NU I l 5 1  n. m ()IUl[O 
H 1 nu� No 4 2 06 

t'n,· r. e1 1 l  Ci, ·uvc, I J II f'or canl Sond 
UGO ( mm >  '1 2U 050 C mm >  369 
C oe f r ,  c ,  en l or Cur v u l ure Cc  I 00  

'JJ  l Perc enl f 1 ne a  
030 2 7 1  O l e  ( mm >  
C oe f f I C i en\ 0 f I Jn I f or"' I \ � 

2 CJ 
1 62 
Cu Z l5CJ 

· -------- --------- --···--···· .. - ·-- -· -· ··---·-----------------------------------------

J -=3· 

' . . . , 
/ . .  
<I .... 
la I 
(Y. 

t .  z "' l '  n• •• • n. 
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?�SICA:. PROPtR:!tS S�"l-t".Nt? 

FEATURE : HnROLOCIC LAB 
E SERVICE 

PR�'::C":': HYDRc:.oc:c :..AS/FISH ANu W!:.:>L:F 

DRILL HOLE : 
SAMPLZ NUMBER: 6SY-2 

:>EP"!'E : feet 

NOTES : SpG ;,erformed on -a aample . Insu!�icient ��oun: of -�co ( 1 . 4 8g ) 

A? l.:.RBERG L:l!ITS 
NO TEST PERFORK£D 

SPECIFIC GRAVITY 
Minus No . 4 :  2 . 86 

GRADATION 
Percent Gravel :  3 . 8  Percent sand : 93 . 3  Percent Fines : 
D60 ( DID ) : • 420 D50 ( mm ) : . 369 DJO : • 27l DlO ( mm ) : 
Coefficient of  c-�rvaeure C: : : . as Coe!ficien� of Or.i!ormi�y 

2 . 9  
. 162 
Cu : 

O . S .  STANDM!> 
SIEVE OP:5:NING 

3 •  

DIAME-:t..� ?!:RCENT 

l 112 ·  
3/4·  
3/8 "' 

O . S .  STANO� 
S!ZVE NOM3ERS 

. #4 
#8 
#!6 
#30 
#SO 
#100 
#200 

�ROM!:'!"n ANA:.Ys:s 
':I.ME �INGS 

l=in 
4cin 

19ztin 
60C.:.."l 

( mm )  PASS ING 
75 . 0  100 . 0 
37 . S  100 . 0  
19 . �  100 . 0  
9 . S  97 . 7  

4 . iSO 9 6 . 2  
2 . 350 95 . 7  
1 . 180 9 4 . 8  

• 600 87 . 5 
. 300 34 . 0  
. l: O  7 . 0  
. Oi3  2 . 9  

. 03i 2 . 8  

. 019 2 . 8  

. 009 2 . 8  

. 005 2 . 3  

2 . 59 

'!'ABLE ____ _ 
147 
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·,. 1 0  l (9-1 • )  ·hruu of  R�c,a111a1Jo11 

SAMPLE NO. )�5 'j - /4 

Yr·r-� 

..:TE!f�D ANO_�OMP\,\TED BY DATE 
' !J , , ("� 4-2i� 

CH ECKJfJ� DATE 
,,, ,. JI/ c;-_ (_ 11 

, 

SI EVE SI ZE 
MASS OF CONTAINER ANO 

R ETAINED MATERIAL 

MASS OF CONTAINER 

WET MASS RETAINED 

O�Y MASS RETAIN ED 

CRY MASS PASSING 

,r. O F  TOTAL PASSING 

DRY M� OF s,-ECIMEN c;,, 5, 2-
ISH NO. 

I EVING TIME 

SIEVE 

a 
1 6  

30 

;: 5 5.  
1 00  1 ,9. 0 
200 I g-;;2 · � 
PAN • / 

a,- -
OTA L {)� I I 

YOROMETER NO. )tj 

GRAOA TION ANALYSIS 

% MOISTURE CONTENT OF + NO. 4 

% MOISTURE CONTENT OF • NO. , 

I 
:r· M/2"' 3/4'' 

(75 rnmf (37.5 mm) ( 19.0 mml 

I I I 
I 

5 1 .i;. 3  
l OD 

GRADATION OF SAND SIZES 

F �rjJRE 
"'""� ' ;, \ ·'.""1": • 
OE � '-

Deuc,udon l.!SBR S J: s .  __ 
Deacaauon l.iSBR S JJo. __ 
Of-Mc=auo11 USBR S lJS·- -

I WEi MASS OF TOTAL SPECIMEN 

I "l"Oi AL ORY MASS OF .,?EC!!i4E� . """'!! '  �. 
3/8.. I NO. , 

(9.5 mmt 14.75 mmt 
I 

I 
I 

I \ ,-; 1 7 . �  
-� "j l.o7 �� � '  � .  I ,.,,,, 

C,7,1'1 �1� .i-

'8';,. 7 

PAN 

� : ,  � , :  � �  

4c,5,7 
"'Oaom 0kt 

V 

REMARKS 

�g 

TD, s .'"' u.:ei � !+ :- . 5� ., 

DATE 
I 

CHECKED SY  
_;::-_�_ 03 
V , I 

HYDROMETER ANALYSIS 

DISPERSING AGEN i  

, OATE 
: -
: j - ' - f 

TA-RTING-TfME DATE - 3 -7 8  l 47' �  

TIME 

I min 

-4 min 

1 9  m in 

60 min 

I . TEMP 
oc 

7 h 1 5  min• I 

• Not required fo, standard t•i. 

'- OF TOTAL 
PASSING 

148 

PAP.TIC�E 
OIAMEiER RS-ARKS 

j AUXILIARY TESTS; 
USSR 5205. _ _  
USSR 5300,. _ _  

: OATE 

d� mL 

- 6 - 'f  
GPo- ,u - •e v  

� 
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7- 1 519 ( J 0-46 \ 
Bweau of RecJacnaUoa 

SPECI F I C  GRAV ITY DETERM I NATION 
(VOLUME METHOD) I Dnlpa- l:SBR S J:o. 

SAMPLE NO. 

1� 5'1 - z 
PAC.,.l l :i ' ,  \ \ � ... � .::  '(C ' ".'- ; :  �� ,_ : /-=1_0 ,-

I �EAi l.l l U  � ' 
� . :  . ,  -. -...... . - . , ,- . L.. 

SPECIMEN NO. �e,· .. ,, 0  m O  
;I' ;:: 

• • '°' I 
/ c... , -=  e: ._ r�__r!__� 

DAT E I Ct1 ECX£.:) 8 � 

l ;  . . , 

1 .  F LASK NO. _______________________ _ 

2. MASS OF F LASK • ____________________ (g) 

:J. VO LUME O F F L.ASK • _________________ Cczn3) 

.&. MASS OF SP ECIMEN ___________________ (g) 

S. MASS OF F LASK + SPECIMEN + WA.: R ______________ (g) 

6. TEMPE RATU RE O F  WATER _________________ c ·c, 

7. MASS OF FLASK • WA.E R • (5) . <•> _______________ (IJ 

8. MASS OF WATER IN F LASK • (7)  • (2) ______________ (gJ 

9. ABSOLUTE O ENSITY OF WATER Ai �EMP (5) _________ (g/cr,,:,l) 

1 0. VOLUME OF WATE R I N  FLASK • (8) .' 19) ____________ (�) 

1 1 . VOLUME OF SO I L • (:J) • : 1 01 ________________ (�) 

12. SPECI F I C  GRAVITY • <•> / (1 1 )  • •  ________________ _ 

13. AVERAG E ________________________ _ 

• I I 
11 ,.fl - '!- '!) 

TR IAL NO. 

7 l  
5.  l lo 

7 7 , b½ 

2 

9 <. __. \ _, 

I 7 7 ·, ( )  
�- ?Li c,u I ' - / I 

u ch -:-·__, I _.l't ; • 

t:-;)O 1 0 l _� ,C 

�r'""'\,_, ' r ,...� """'' V ol-:x ;;,,, ,  D .  � :::r :,,t'. :;.,� ,  

,,..... ac,g�l] :2 I ."" =c ;·��< , 
,,_.., ,  

• I - - \,,,,/  __, ,  ,_ --- \o,J  

l ,..�r-: - """Y ,.. ,...._ . , Y  · ::,,t ":?. � • ::? ;_, · < e· :z e< · :.=�, 
�- ...... , ,7 �- /" �  
c;,' . .  "" �  � / . � -

" r ­
-./ •  ..,_ . .  .z:::... - ... · I ;), Sb/I 

;;. �& / 

• ca11braifon aua from USSR 1 030 
• • 1mollft �at for wear 1 SI • 1 nu .. • 1 cm::I Sa n,p)e . UJC(s �o� PCA"'7 

;-_\ ... , �o� o'1\ T\" � Sp f 1 -H-er 
·•) ' . .  : . 

- · r t • . � • 
I J -� . : i,,,C 

I - '"\ C -;  - �:':-

2 -, � "'/_ ,. ..I � -.,  .. ·� ::: C J:.  I 
' , · · .,.:...� · �· 

\ "','\ G ,-\ \ � r t,�: � (,i 
� \, o .-. c' � � I _ C: *'· 

. ... .. - '- t:" . .::... 

. � ; 

' I .,c�·· ' 'L  3o ;,y� . .... . I • ' >-._ *' I !_, � 
\. �., _ ..... ... . I C � . _, 

r- I r, �::tpeC i � r (  ; -- ;· -, . J .  "I, • • 1
_.. t :..- � I •• • -:, ,:: r - :-i"" · I 

, -,�(i l,= - 2 �\e , 
d�..;u:.:_� ,.-2---�::r-:r::t �_, 
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GRADAT I ON TEST  
S I EUE ANAL YS I S  

U S  STANDARD S JEUE OPEN ING I U S  STAUOARO S IEVE NUMBERS 
HYDROMETER ANAL YS I S 

T IHE READ INGS 7hr- 25hr-J U I 1 1zu J/4.. J/B" 1 4  1 8  1 1 0 1 1 6 I J0 1 40 1 50 1 1 00 1 200 l m i n  4m , n  1 9m , n 60� , n  I Sm , n  4Sm , n  1 00 · [ ·0- ' 
' I --,, 

� 

0 -- -- -- ·-r-
90 

I I ".  
1 0  

80 -'-- -- _f_ -- 20 

1-- -1-
70 ,- I 30 

60 I -1 -

J I \ 
40 

50 

40 

I- I \ . 
-\ -, -r--- -- -- -i- ·-- --i- \ --- -- --· 

50 

60 

30 

20 

-- _I _ 
_J_ ·-- -1- ' \  

- t- -- -t \ 
70 

80 

1 0 
--i- \ 

I 
--

I � 
90 -- -- -- ·-- --

-, -t 
0 

75 37 5 1 9 9 5 
I I 

4 75 'Z .16 I I n  r, 425 J 1 5  075 0 37 0 1 9  009 005 002 
1 00 

OU I 

.. LL1 I I I U.LLLl I I L __ l l. l.L L I  I I I 1 1 .1.J .. LLJ_J_.__ 
_

_ l l L J. .L I .. J _l_l _____ _  J 
50 1 0  5 1 n s A , n ns o u I o uo� u nu 1 

L> l nr tl l ( U lU- , .flU I I Cl .E I N  M J U. IM E l E R S  

E tt1rlUEl·-----·--- -------=- snr,1D F 111� , -cnn�r--r r1Nr--- l �0nH�i! - r·--lirn l U11 · -- · 1--, rm: __ _I 
PI IYS J Cnt . rRnrrR J l [ S  SlJHHOlt,-Y _________________ _ 

rEnt l lHE UYl>HOI . OG I C  1 . nn 
---·- -

l 'IUIJI <.:I I IY l>IUJl. UG I C  LAU/f 1 51 1  nNO U l l.Ol l f E  SERV I CE 
OR l l L t llll f OL: P I l l  I e a  l 
Sf'U1PLE tU tHOE R 65Y - l  
NU I I. S  :i11li pe, f u, ·med un · II :.c 1111p l o  1 1 1 :.u l  I I L t cn l  uinulm l o f  - 20� ( 1 l 529 ) 

n f  I ERIIERG l I H I  I S 
Sf'[ C l f l (  GHOU I I Y  
GRADAT I ON 

tm 1 E 5 1  f 'f Hf OIUIEI> 
t1 , nu� Uc •1 2 76 

Perc cn l Gr uvc l 0 0 Perccnl Sond 
Of,O c "'"' l 2 1 n o�n < """ l I CJ J 
l ue I f 1 < 1 e, , l  o l  l ur· v u l ur e  Cc I 24  

9J  9 Percenl F , nc �  
U Jll I � I D I U l """ > 
Coe r r , c , en l  o r  Un , forn" l Y  

6 I 
UU•I 
Cu 2 1�9 

. . ·- ------ ---------------------------------

J. . � -� 

0 w z -
<I ,_ w a: 
t-
z w u � 
w 
0... 



n 
- l PHYSICAL PROPERTIES SUMMARY 

FEATURE : HYDROLOGI C  LAB PROJECT : HYDROLOG:c :.>.!/FISH A.�� W!!.:�:F  
E SERVICE 
DRILL HOLE : DEPTH : feet 

r 1  SAMPLE NUMBER: 6SY-3 
NOTES : SpG performed on -8 sample . Insufficient amount of -200 ( 13 . S � ; )  

r l 
-; ; ATTERBERG LIMITS 

NO TEST PERFORMED 
'l 

r 7  

� J 

SPECIFIC GRAVITY 
Minus No. 4 :  2 . 76 

GRADATION 
Percent Gravel :  0 . 0  Percent Sand : 

r ,. 

, 1  

.__ j 

r l 

r·1 

._ _, 

,-, 
L J  

...-7 
LJ 

,.-- i 

u 

I 
\_ J  

h--/ 

. "\ 

..._ j 

L .. 

u 

D60 ( mm ) : . 218 DSO (mm) : 
Coefficient of Curvature Cc : 

O . S .  STANDARD 
SIEVE OPENING 

J •  
1 112· 

3/4· 
3/8·  

O . S .  STANDARD 
SIEVE NUMBERS 

#4 
#8 
#16 
#30 
#50 
#100 
#200 

HYDROMETER ANALYSIS 
TIME READINGS 

lmin 
4min 

19min 
60min 

. 193 
1 . 24 

93 . 9  Percen� Fines : 6 . 1  
D30 : . 1s 1  DlO (mm) : . 084 
Coefficient of Unifor.ni�y CU :  

DIAMETER 
(DID )  
75 . 0  
37 . S  
19 . 0  

9 . 5  

4 . 75 0  
2 . 360  
1 . 180 

. 60 0  

. 3 00 

. 1S 0  

. 075  

. 037 

. 019 

. 009  

. 005 

?ERCENT 
PASSING 

100 . 0  
100 . 0 
100 . 0  
100 . 0  

100 . 0  
100 . 0  

99 . 9  
99 . l  
86 . 2  
29 . 4  

6 . 1  

S . 3  
4 . 3  
3 . 2  
2 . 7  

2 . 5 9 
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f7 
� , . 

n 

r 1 

r- 1  

-. J 

r, 

,-7 

r 1 

- J 

j" l 

• 

- .J  

r,  

,...) 

r--....,1 

L .I  

,.- l 

l,._ )  

,... l  

kJ 

r '1 

L J  

: � 

,..._J 

1-J I 

·�- l 4 5 1 (9 -h :  

I lkucau of R�� GRADATI ON ANALYSIS I Dnlrnauoo tSIR u:,.  __ 
Oe-usnauoa l:SIR  U30-__ 
0.Wsnauo11 L:SBR SJJ 5 -__ 

SAMPtf NO. ? !::> �'-! - -
!ARE.A 

'1··· " \._- . (" -- 'C . . . . . ,.... . 

TESTED AHO "tOMPUTEO B Y  DATE 

CHECKED BY  DATE 

SIEVE Si ZE f 
MASS OF CONTAINER ANO 

I PAOJE
C":' 

' ' \ � : -.,..., � "'- • .....- ; :-
1 ext, NC. ""' 

I -. 't- · � , V� 

GIIADATIOH Of GRA V E L  �ZES 

I " MOISTURE C�TENT OF • .PcO. ' 

I " MOISTURE CONTENT OF • NO. ' 

F EAT\lf\E 
�, - r\ v-�. \r :"".. , c  ! - !-. 

DE ?� 

I WE7 MASS OF TOTAL SPECJME.� 

I TOiAL. ORY MASS �sP;_ciwEN 
. .  �, G 

I ,.. j 1 -1/2'' I 31,·· 
(75 mn,J , 137.5 mml ( 19.0 :-uni 

311r I NO. �  
(9.5 mml f'.75 mml PAN 

I - 1  I 
R ETAINED MATERIAL I I I � 

. . , 
i t' ,· · ,. ' ::.,.: � 

MASS OF CONTAINER I I I I I I 
WET MASS �EiAINEO I J I I I -
ORY MASS REiAIH EO I I j I I c;, 1 -:c ... .,,, ' w:,  

ORY HASS PASSING I · I I I I o ,bm Ok, �g 

" OF TOTAL ?ASSING I 

SIEVE 

_. _, -
" I .. I 
lo I , 1 

MASS I I 
PASS I NG (J) . � 

C, , I I y:� 
_,._, . ' �� 

q.q.o�� � �  n� -,......,, .� � t.J 
f i . , �g so I 1.,. 0 

, 00  I &6. l/ .e-- - , ;;-: -- �� . 'nr �� 
I 

• -- < "" 

200 I <d'�. t-1 I -; . 7 : u. ,t  

I I ·I 
GRADATIOH OF SAND SIZES 

:CATE 
I 

PARTICLE I 
AMEiER 

1 . 1 8  '"'" 

qq, ! ,  600 um 

'lb,;;./ 300 um 

SO ur.i 

75 "'" 

7"" \• ''"' '......-t' -

PAN I . � ; TESicO ANO COMPUTED SY 

� TOTAL I �,3_ 

Y O R OMETE.R. NO. t <? l 
TA1fTINC-Tl�: ct · .; �  

HY0ROMET£R ANAL YSlS 

DISPERSING AGEN T 

CATE _:; . <  - C :? _.,. - , 

I 100 
. D  

REMARKS 

. l \ .:' , <"  ' �  .. , \ 
i-Z2 .?f 

mL 

TIME i:...,P I ·HYO I HYO I CORR I • I � OF TOTAL. 
1
, ,.. .. K r 1 c�= I REMARKS 

°C READ COR R REAO I � �ASSING OiAMETE� I 
I I i j V. 1

_: ---"--------------, 
I min I � 0 ! /0 ·5 l =-: 5  1/!"':i j 

- , I "1 min 

·.__; . 
1 9  min 

- I , I .-- ;::.. I � -! ; "! .c - f. , ! � . 0 

- . - - ., !5 ,0 �' u� :,.....:-�- ....L.-�--=--:.:..· ,:.._-------------1 . . =: "'  
f L/ ,0, � 
i J./°:: - -..,  - - - - - - , t.3' .0� 

L. 0 

Li 

I LJ 

- a: o  
60 min I Jq..,, . ""' ""' 0 � J . 

I 
I I

V J a' ,. < : C � 
7 h I S min• , ! ! f � � 

25 h -4S min• I I I I 
/\- . __ o -,No C�MPlfTE:l BY 1 0A1E rP'l }L·J , . " f  d-1� �r7-o 

•Not NQulred for atatMara '"t. 

s IJffl 

l um 
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r1 
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r--7 
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"--�\ 

r, 

kj 

· r-: 

--� 
'7 
;_J 

,... , 
LJ 
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� j 
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s,· 

Lj 

L,· 

,. 1 519 ( 1 0-86) 
Bureau of Reclamation 

SPEC I FIC GRAVITY DETERM INATI ON 
(VOLUME METHOD) �st,naUon USBR 5320. __ 

i':459
o

:. 3 
SP ECIME N NO. HO L E  NO. D EPTH 

\/Q ) '  

F EATU R E  

u-· \ y . ... \ OC, � ,....  
... � 

� �  
,, 0  "'O  

DAT E  

G.·i·-� 
DAT E 

....... _, '  ""' ­
;:;- '-1 - ..,, .,_ S- 'i-f 

1 . F LASK NO. ________________________ _ & 

TRIAL NO. 

2 

-J � -... "'; �_ 

2. MASS O F  F LASK • --------------------- (a) 

3. VOLUME OF F LAS K  • ___________________ (cml) 

,. MASS O F  SPECIM EN ____________________ (g) 

5. MASS O F  F LASK + SPE CIMEN + WATER ______________ (9) 

a. TEMPE RATU R E  OF WATER __________________ , •c, 

7. MASS OF F LASK + WATE R • (5) - (4) ______________ (gJ 

8. MASS O F  WATER I N  F LASK • (7) . (2) ______________ (gJ 

/Ci c,, 
f I C; Gi . & 

9. ABSO LUTE DENSITY OF WATER AT TEMP (6) _________ hatcm:I) 
"'°' Ct,:_"]� _- · LJ I  ! r / I  I • b �- .., 

1 0. VOLUME OF WATE R I N  F LASK • (8) / (9) ____________ (cm3) 

1 1 .  V O LUME OF SOI L • (3) - (1 0) ________________ Ccm:I) 

12. SPECI F I C  G RAV ITY •  (') 1 (1 1 ) • •  _______________ _ 

13. AVE RAGE _______________________ _ 

• eatlbntfon oa,a from USS R 1 030 
• •  lmpu .. u,ai for wear 1 t • 1 mL • 1 crn3 

1 :..1 .A � --
..,;1 ,  .fl - · ,,_  

� ,  

("\ 
O "T  - . 

::,,-::.-) CJ 

Ser r>-,-p \ � 
-\- Y\ °"' O'-' 't \-, 

:.,c:. ;�, .. __ � \\ '°-

½ [- , . er '1 � 
� P , e -H ) ,. , Y 

r . ., -t ... . � ',;; .•.. - .• -� : - -
t,c! :  �c-, 1 <"' ,.,,,-.. \ . .  _, ,  \.. \  i \,. 

� � -- - i : ,· ·  
c....,,, �·c.; .. ·· : 

� l C, I 3 ,• 

t""\� f�-.!\. 
- �  I . '  . . . ' \ -; • �- t ... -

- � l .. ' \:: •• , 

,, 
• I 

-t lu o  d e i \ ,. . . ! � l�c- ·-. ...  \ .  � !,..'. l .  - .et:, C h ec t="r·· c.t 
L Ue iz h ':. + <J _, 
/ _ c.. ,.. J c_.. �n I ( - ) ;,::, . -=-- (  

. ("' . S� e c  , -� , c C \ C  j�  :a. 

- '/ "" � · ·- ,  ) .J "  .. 

\_ 

• ) t - •• � 
. ... 

. ,. � ·'?f--·/.' .... 6' ,,, ,, --
: -, • ,• • • .. � . � • -· � 

-� " • \ �4, c.; ( \, ; j -:- .l_ c· n 

.... 
/ . ..  . ,· . 

u ;_ 
, l · . I c.--: L ... � 1 \.,,,,,!. r i .- � 

(_,/� v.:-- .. ;.,,,., . .  .,,,, .,. � . . . .. ;:: ,. - . .-,..:....,.,.3,· ·.=:>c: . .. 1.J 
, .;.,,,� ,, ,  -� . � ;. - GPO 112 • lO� 
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7• 1 102 1 1 1·851 I SOIL CONS ISTENCY TEST (ONE-POINT LJOUfD LIMrT M�O:� I lu,ca, Of Rcr••"'lhOII I � ......... !:Sia • - -
SAMPLE "10. 

& 5 '/ - -:?, 
' FEA TURE 

I I • H I  ..!..f"'1 �,.,...., ,,:)::: 1l
0 Lo.I�. 

i P R C  ... '( C �  
I f-i,_._. i �""": I !J-.1 . J  =u.r 

Air ar,ea D 
Oven ar,ea D 
Natural D 

Trial No. 
Dish No. 
No. of b lows (N) 
Mass o f  d ish • wet soil (g) 
Mass of dish + dry soil (g) 
Mass o f  a ,sn (g) 
Mass of water Cg) 
Mass of ary soil (g) 
Moisture .,,_ 
Avenge Plastic Lmrt 

9-tRINICAGE LMIT 
1. Shrinkage Dish No. 
2. Mass o f  a ish • wet so il (g) 
3. Mass of dish • dry soil (g) 
4. Mass o f  dish (g) 
5. Mass of water (2 - 3) Cg) 
6. ¥ass o f  arv sod ""bH3 - 4) Cg) 
7. -,,. Mo is1ure CS/6 x 1 00) 
8. VOL Shrinxaoe D ish CV) 
9. VOL Ory Sod (Vo) 

,o. v - v 0a ce-s> 

1 1 . v - v  1 0  
W O X 1 00 • ( - X 1 00)  

o 6 
, 2. Shrinkage L mn (7 - 1 1 ) 
1 3. Shrll"\kage Rat10 (6/9) 

Pt • LL - PL 
Pl.ASilCITY INDEX: 

Pl • --- --

\. l OU,���-d Testea DV 
Computed Dy 
Checked DV 

Pl.ASilC LMIT 
1 2 

I 
I 
I 
I 
I 
I 
I 
I 

.. 

I , I 

I 
I 
I 
I 

w'!\ . I 
F n .  i 

"' ..:::; w - -
Oare '- - - -- �  .. 
o,,. 
011t 

LOUO L MIT 
2 I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

LiQu1d Lmrt i 

I 
I I I 
I I I 
I I I 
I 
I I I 
I I I I I 
I I 

I -

Ll. • w ( _!!_) 0. 1 20 
n 25 

F n • ( 2!,_) 0. 7 20 
25 

u. - (F�} � .. > 

N I F n  

20 I 0.97t 
2 �  i 0.97; ... _ '.l.9E: -., � - o.s;: 
2� ! =>.99: 
25 i ,.ace 
2e I 1 .005 

27 : , .co; 
28 : �.o , �  
2S I , .o , s  
3C � .021  

! 

t 
i 

-- - - -- -- -- - _..L,_ - · -- -- -- - -- --
LOUIO LMIT Q..U• 
F'LASTrc LMIT CPU• I F'LASTrcrrv rNOEX CPI)• 
SHRNKAGE LMIT (SJ• 

I ) 50� M.,uuJMIPECW.EH MA.SS &::·:U�REO 
-G:2 I 3 .atr&I W£5 TESTED 

154 

Auxiliary rests: USS� 5205 - - -
USBR 5300 - - -
USBR 5350- - -
USSR 5350- - -
USSR 5355- - -

Aema1c.s: 
�OS'-2.c'.C i( ie.., � ... � .  
k!iSLd� fl t.  .... e-. 

S7p., n;. 1 c  JI I ! 
' C )'-li • .  ' 

• \� ,::: 
c-· id 

- � �t'e-v-, 
r· · • · - �-i a c-- . -I • • .._ • 

I 
I 

l 
I 
I 

I 
I 
I 
i 
I 
I 

! 
I 

I 
I 
I 

l 

} -: 
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Field Equipment List 
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Field Sampling Equipment List 

30 gallon drum(ends cut out) 
5 gallon buckets( 4)  
sample bags(20) 
sample tags 
pennanent marker 
100' tape measure 
20 kg capacity balance 
digging equipment(i.e., bowls, spoons, screwdriver, pans. etc . )  
bulk density frame 
rebar stakes for frame 
plastic sheeting to cover frame 
pick 
shovel 
bottles for suspended sediment sample 
5 lb hammer 
crescent wrench (for bulk density frame) 
wet suits (2) 
wet suit jackets (2) 
neoprene booties (2) 
neoprene gloves (2) 
Camera 
film 
Field Book 
Chest waders and suspenders (2) 
Diving Mask and hood 
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- l  0 
:1. 0 .... I .  O"'"' 

:57. 8 4 1 . 4 

10.  :5 lb, " 

• . . . .  Drv 8 l eve l\na l v • I •  Far 8TV8, l'1'12 �- V. • • • • 

A•"'r I •  I D  : EL VADO Oeh 
L oc e t l on : :,-n PnE O - I OCH 
ne,ur • •  

91 1002 T I m o  f�lt1t1 

t r • r r • n �  r t n• r  t h � h  ' 

l\n• l v • • •  ( o r  

"" 

0. , .... 
1 3 . 6 

6 7 

811 

I 
o. :,,.., 

20. 4 

, ... :1 

88 

I 
0. ,,.., 

:Z'I. ' 

I b. 'I 

00 

La� No. 

:z 
. ":I'm• 

n. :, 

:I. l 

Lab 

:z 
. 2:,,..., 

1 I. 1 

'7. :, 

Leb 

.. 
. 2, .... 

1 4 .  'I 

10.  I 

3 , .. , ..... 
4. 6 

3. 'I 

Na. 

:, 
1::1:, .. ., 

:I. :, 

!I. h 

Na. 

:, 
1:z,.,,. 

8, 0 

b . ..  

L •b No. 

AR0:1'72 

4 
. o�:1 .... 

I 7 

:1 '7 

eno:no 

4 
. 06::J,n"' 

2 3 

:i .. 
eno21v 

. 063"'"' 
3. 6 

4 , " 

sno:,1,:1 
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• 
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• 
• 
• 
• 

• • • • nrv S i eve Ana t v • I •  Far BTVB, 199:Z w. v: • • • • 

----------- ----------- . ----------------- • .  - ·--------------- . ·-- . ------------------------------ . _ __;__!51 

Dah : . t t t OO:Z Tl"'• : HHMH Ana l u 1 l 1  , o r  : 88 Lall Na. : 8R0263 �Jj 8a,., t e  I D  : . EL VADO : '  
Loc a t i on : !1-8 ,.RI! - . ','.�� 
R•"'ar k s  - ,. -� ,, -·•:• · '1 

PIi l 1 t 111 ,.1 . • : 

1 1 33_ 1 :z1. 1 uod, 1' too. o 

-6 
64111111 

100. 0 

_, . 
32mm 

100. 0 

r e r c e n t  
-4 

16mm 
94, 9 

F i n e r  
-3 

9. Om11 
69. 0 

than I 
-:z 

4. 011''11 
!14. 9 

• 
':!)" 

-1 
:Z. Omm 

46, 7 

0 
l .  0mm 

3!1. 9 
0. '"'"' 

:Z I .  :z 
:z 

. .,,"'"' 
1 1 .  I 

3 
. 12, ... 

4. , 
Oron Wt.  Tare Wt. Ne,. Wt1,-l:NJ111111 

t."'.- ; -��- . 
. .. � ., ·-�J; ' . . . . ·, 

•• P a rc •nt ln Clan � o. o O! O o. o l!I.  :z t6.  a · t:J, 't  8. :Z 10.  9 1 4 .  6 10.  t 6. 2 · 3. 1--�� : ... ·-------------- ---� .. ,.... _______ ·------------------- · . -------------------------------. ---- -- - ------------------------------- . . '--t� 
8at0p l •  J D  : EL Vl'J>O Date : 91 100:Z T l "' •  : HHHH Ana l v • l l  t o r  : 89 Lall No. : 8RO:Z6� � . t, 
Loc a t i on : !1-8 PRE 10-20<:N .

. ;,'. ·'}.'1, Re,oar • 1 : �- ·; -f-<� 
, ,. ( P e r c •n t  F i n e r  Than I .

. 
· ': /i� 

�': · -7 · -6 -!I -4 -3 -:z - I O l :Z 3 . 4 . . i" ,_,4! 
Oro1s  W t .  

1 92 1 . '1 

P h i  s l u ,  
T a r •  Wt. 

:z,. :z 
Net Wt, · l2Bm"' 64mm 3:Zm111 16mm 9. Om"' 4. Orr.111 2. 0mm I .  Om"' 0. '"'"' . :Z!lm"' . l:Z!I- . 06:laa '.'·• ·., 

18t6. 7 100, 0 69. 6 !16. 0 47, 3 37. 6 :Z9. t :Z4. 4 1 6. 7 10. 3 ,. , 3. l I,� 
. --�:::: 

2.11 •• P e r c e n t  ---------- ·- ---- ------- ---- --------------------------------- -- - ------------------------- - - ------------------------�------� l n  C l••• a, 0, 0 30. 4 13. 6 8. 7 9. 7 7. 7 ,. , ,. 7 6. 4 4. 4 

ll•"'P l e  1 0  : El VADO 
Loca t i on : !1-B PRE :Z0-30CH 
Re,.• r • •  

P h i  e l r • •  
Oro 1 1  IH.  Tar• Wt.  N w t  Wt, 

�:'  

!124. !I :Z!l. 4 49?. I 

e e  P e r c e n t  In 

Net Wt.  
3671 . t  

Cl•••  e a 

-7 
1 2911:111 
100. 0 

-7 
1 :z9,.,. 
100. 0 

0. 0 

Date , 1 1 00:Z 

-6 
64111'11 

100. o 

-6 
64Rl'II 

100. 0 

o. o 

_, 
32mm 

100. 0 

_, 
32mm 
40. 6 

!19. 4 

T i m e  

P e r c e n t  
-4 

16mm 
82. :Z 

P e r c ent  
-4 

16mm ::i,. 3 

,. 3 

HHHN An• l v • t •  t o r  BB 

F'l n• r  Than ) 
-3 -·:z - I  0 I 

e. 0,,,11 4. 0mni :Z. Omm l .  Om'II o. '""" 
64. l 49. , 38. 8 23. 6 l :J .  4 

F'l n • r  Than ) 
-3 -:z - 1 0 

8. Om"' 4. 011:,11 :Z. Omm I .  On:"' o. !!•11• 
:Z9. 3 :Z4. B :Z0. 6 14. :Z 9. 0 

6. 0 4. !I 4. :Z 6. 4 ,. :z 

, I . , ... . ..... 

• • • • O r v  S i e v e  A�a l v 1 l l  For BTVI, 1,9:z W. Y. • • • • 

S•mp I e ID : 
Loc • t l o n : 2 
Rtmar k t 

EL VADO 
rosr 

------ -------- -------------------------- ----�- ---------------- --- -------------
Dah : 9 1 1 008 Tl11• l-{�ft1tf \��·:?:· Ana l v , t ,  f o 1· : es 

HVIIELL 11:Z • ' � • ! • 

. . .. ..  ,. .,, .  r t"�" , ... ... 

Lab 

:z 
. 2,-

7. 4 

Lab No. SR!I003 
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<p< 

• • • • � - orv Bhv• Ana l v 1 1 t  For arve
/

1,92 w. v. 

--- --------- �..:- -- - ___ · .?.I.;;::· ·---------------------- ·--- , ...:. -- ·-------------
• • • • 

8e1Rp l e  I D  : EL VADO [; , · 
PRE to-2oc�

.,  

Dat�: • .;n,i: , 1 1 002 Tlme : HHl1t1 :, '. · 
. 

. .- ·! Loc e t lon : 6 
R•'"•r•• 

P h i  1 l 1 e 1  
O r o 1 1  I-It .  Tare I-It. 

:U.63. I 27. 0 

:,t,·) . - is' • 
•:-r:ic.,· ! . -7 

N e t  W t .  "7-� 1 28,r.,,. ' 
2636, I 100, 0 ,· 

•• P e r c e n t  t n  C l • • • •• ; 0. 0 

. !·�·�:.!"' .. : . .. . "' ·.,,, . . ... .  • · -6 . .. . . 
) '""'"' 
· 100. 0 

0. 0 

-:, 
3:z,,.,,. 
3 1 .  8 

68. 2 --------- --- -- ·--------· �- -------
Sa,,,p l e  1 0  : EL VADO ··..._),".-

PRE 20-*H· L o c a t i o n  : 6 
Re,.a r k 1  

Ph i 1 l 1 1 1  
O r o 1 1  I-I t .  Ta r e  Wt. 

667. 6 2:1. 8 

:--,.:_ ;f' 

,i•!:t t, 
. . { ..... -1 , ,  . N1t. �t.· • '. 1 28"'"" 

6 4 1 .  ., = 100. 0 
I 

•• P e r c e n t  t n C l • • • •� 0. 0 - ---------------------- -�---
Bemp I •  I D  : EL VADO 

. 

Loca t i on : 7 PRE 0-IOCH 
A•"'• r • •  

Ph l 1 1 t e 1  · -7 
O r o • •  I-It. T a r e  Wt. Ne l WI. t:ze,.� 

4 M l .  8 0, 0 4661 . 11 100. O 

Dah ! • 91 100:Z 

-6 
64m• 

100. 0 

o. o 

-:, 
3:Zmlft 
72. 3 

27. 7 

Date ? 1 100:Z 

-• 
.4,n• 
4:1. 3 '  

-, 
3:Zmm 
26. l 

·' ···6 ;, .,� • r� .• '·· .. '"• � ' 
Percent F i ner Tll•ri 

-4 -3 .. -2 
l 6m,. 8. OMO\ ' .... b11111 
24. l 20. :, 16. I 

1. 1 3. 6 '  4. 4 

Tt,i,e llHHN . . .  
. · I . 

Perc e n t  F t n e r '• Thari ) '
. 

-4 -3 :-• . ,:-2· . 
16m"' 8. o ... ,, 4. o ..... -
64. 8 49. -, .- ·. 38. t 

7. :, 1 4. ,, p. e  

Time l-ll-111t1 

P e r c e n t  F i n e r  Than I 
-4 -3 -a 

16mm a. om� 4. o .... 
18. -, 1 4 .  1 10. 0 

An• l v 1 1 1  , o r  

- I  0 
2. Om,. I .  Q,r.,n 

12. :, 8. 2 

3. 6 4. 3 

f,na t v , t a  , o r  

-I 0 
2. Om"' t .  om,. 

28. :, 17. :, 

9. 6 1 1 .  0 

Ana l v • I •  ,or 

-l 
2, 0n,m 

7. 0 
I . Om,t1 

4. 0 

BB 

0. :lfflffl 
,. o 

3. 2 

BB 

l 
0. '"'"' 

10. 7 

6. 8 

BB 

0. '""" 
:z. 4 

Lab No. SR024l 

2 :J 4 
. 2:1111111 . 1 2:,,.,,. . 063mm 

3. l 1. 7 0. 7 

1 .  ,, l. 4 1 . 0 

Lab No. BRO:Z4J 

2 3 4 
. 2, .... . 12, .... . 0�3 .. ., 

6. 8 3. 6 I .  4 

3. 9 3. 2 :z. :z 

Lab No. BR03 I 3 

. :z,.,,. 
I .  7 

. 1:z:,,,.,. 
1. 0 

4 
• 06:JmOI 

0. , 

• •  P e r c e n t  tn C l a u  • •  0. O :14. 7 1 9 .  2 7. 2 4. 8 4. l 3. O �- 0 l .  6 0. 7 0. 7 0. :I 

., 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

------------------------ ------------------------------------------ --- --- ---------------- -- ----------------------------------- . 
S•"'P � 1 0 : EL VADO Date : 91 1002 Time : l-1Ht111 lln• l 11 1 l 1  ,or : BB Lab No. SR0::1 1 4  
Loc a t'ron : 7 PRE l 0-20CN 
Re,,.• r • •  

P h i  1 l 1e •  -7 
O r o 1 1  I-It. Tare Wt. Net Wt. 1291111W 

2064. :, 27, 4 2037. l 100. 0 

• •  P e r c e n t  In C l ••• •• 0. 0 

.'\, ' 

. i·:-

-6 
6411119 

ioo. o 

0. 0 

_ ..:j .. . :-
6 �  !!..:· ,�--

,., • .+',1 

( P e r c e n t  F i n e r  Than -, -4 -3 -2 - 1  
:,;i.,,,, 16mm e. o .... � 4. 0nlfll 2. 01111ft 
, 1 .  J :,:,_ :, 26. 7 1.,, 8 14.  1 

48. 7 I :,, B 8. 8 6. , ,. 7 

� )  

I ·.\ 

., • • • • Orv B t eve An• I V • I •  :For
. 

8TV8
, 

1••2 W. Y. 

0 
I .  Om111 

8 8 

:,_ 3 

• • • • 

0. '"'"' 
,. e 

3. 0 

• 2:, .. ,.. 
3. 9 

I. -, 

. . . .  

J' 

:J 
. 12,­

:z. 2 

I. 7 

. 063mm 
o. � 

I .  3 

... , . 
---- . --- ---- --------- ·----- --- --------- ·- . --------- . ---- . :� 

•.·· -�·-�- --·-- . --------- -- ------------------------------------
9en,p I e ID : EL VADO Deh : 9 1 1 00:Z Tl1111, '. l :',J,llit1H!:t':'� ' .. Ana l 11 1 h  P o r  : 88 Lab No. 6ROJ 1 5  
Loc a t i on : 7 PRE 20-30CH . !a ," ;:, \ .. · ''.l:�•.' 
Re,-er • I : 

• 
• 
• 
• 
• 
• 
• 
• 
!'l 
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• 
• 

;,.. 

i · J 

• .  ·q, A .• ;:
. 

• r:i..:�: · 
. ':�'· · 1_1- -1"'-., .· .. . 

. : /-;' �­,. 

. :.• ·. · . :.' 
. �.1:

, 

. ' ;',��� -t,t :1 i .. 

:�-� -

-·�it·�:. : . .J-: • �f-­�-. � . •i • .. �. 
l/4' 

eiA. 
-�

·

;

/.

: �­.. ! -.�·,.-. . . . , 
��-\ 

.�/ .. 'r+fi . .. 
• 
• 
• 

• • • • ,Drv 8hv• llna l v • h  For 8T\r8, 1992 W. V. • • • • 
:, •: :· · ·  ---- ---- ---- --------- ·----------------- ·- ·--------- ·----------- -----. --. --------------- -- · ------------------------------------

9.,,., I e I D  : El. VADO Date 9 1 100:Z . Tl"'• IIHl1t1 Ana l v • h  for 1!18 Ld No. 8R031:I 
Loca t i on : 7 PRE :Z0-30CH 
Re .. ar k •  

( P • r c • n t  F i n•.- . The,; ) 

l'h I e l t e e  -7 -6 -:, -4 -3 •. -:z -1 0 I :z 3 " 
Ora .. I-I t .  T a r •  I-It. N•t Wt. 1:Z91M1 6'1flMtl 3:z,,.,,, I 6mn, 8, Otr.111 ,., ... 0,r.,n :z, 0 ... 111 , . o"'"' 0, '"'"' • :Z:11110! . 1:z:,.., .. . 06:lfflro 

!!70. 4 26. 8 :143, 6 100. 0 100, 0 70. 0 :,o. 7 39. 0 ... :ZS. 1 :u . o  "'· :z I I .  0 7. 9 ... 8 l .  7 . . . 
.... J. 

• •  P e r c e n t  In C l a n  • •  0, 0 O! 0 30. 0 19. 3 U .  7 ;'.':_, .'. ,1 0:·• 7, I 6. 9 · -:."· · :J. :Z · · 3. t 3, 1 3. t 

0 .... , , .  ID : EL VADO ;a;:-:?-9 1 100; u ... : ' HHt1t1 :,- �  , •  flna h • l e  for : Vea La, No. ·: 8R0339 
Lou t l on : 8 PRE 0-lOCH 

, .,. . 

A•"'• r k • 

P h i  e l u e 
Oro . .  Wt. Tere Wt. 

1 9 7 1 .  l ;z:,_ 8 
Net Wt, 

194:1. 3 

• •  P e r c e n t  I n  C l • • • • •  

-7 
1:za ... � 
100. 0 

0. 0 

-6 
641!1111 

100. 0 

. 0. 0  

-:, 
32ffl111 
7:,_ 9 

24. l 

P e r c e n t  
-4' 

16mm 
:,9_ :z 

16. 7 

' 
Finer·· , Than I 

-3 ... • -:z 
e. o ... 4'. Omro 

4'1. ; '10. :z .. 

1 1 .':1 ' 7. 7 

� !
-·· 

, . 
:I• 

- I  0 . ,  I · -' :z 
:Z. Om111 1 . 0- '.:. o. ,- . :z:,-

3:Z. 4 :Z l .  6 l:Z. 3 6. 7, 

7. 8 10. 8 ... . 
• •. ; •• 3 :·

· ---- ·-------- ·----------- ·-----·------- --- ·- ·-------------------- ---�-�------------------ --- _________ ._ __ , 

8•,.ph I D  : El. VADO Date -� . 91 100:Z Ti"'• : ., . HHHH., Ana l v e l l  for  : �··;�18 · ,·. :  
l.oc • t l on : a PRE 10-:20<:11 · ,· , •· · .- . ,  • 
Ae"'ar k 1  ; · -�; , ' ·  .j: t

°
� . 

·,_> , ,. . , I l' e r c e n t  Fln•�.i.; Than > . :J-', , .t, "" l • . . .. -7 . _,. -5 -4 -3 :\. . �:z - I  O • ·•t l .': · 
Oro•• Wt. T•r• llt. Net Wt. l:Z8tNII 64,.. 32m111 l6m111 II, Offllll :. , 4, O,.• 2. Om"' I .  Offllll :, O, 5- .• 

2091. I :za. 4 2062, 7 100, o 6 1 .  l :, 1 . ., 3'1. o 3:Z. :, '' :Z7. o :z t . ., 1:,. o <J. 3 

• •  P•rcent  In C l • • • • • 0. 0 39 � --µ.,------ ------ ·------- --------- --- ·----------
9•4'1 • I D : El. VADO Date : 'J l l OO:Z 
Lo� lon : a PRE :Z0-30<:11 
Re.,•rke 

Phi • I r•• -7 -6 -:, 
Oro•• Mt.  Tare Wt. Net Wt, l:Z811111 ! 6'4111,e 32mm 

1 1 :19. 5 2:1. 6 1 1 3:Z. 9 100. 0 , 100, 0 7:Z. 7 

•e P•rc•nt I n  C l a e e  •• 0. 0 o. o :Z7. 3 

( P e r c e n t  
-4 

16,.,. 
:,:z. '1 

19. 8 

•\ • I 

• . , .... . 

F i n n  . ..,: Than > 
-3 . ,• -2 

11. o"'.,·\�.,, 4'. o .. ,. 

l )  

'12. -��·t·:! :: 3:,, l
. 

10. 4 '  . , 

,\,:I•:.. ,.•". t I •  

. . -· " :  .. ,_ r 

7. 4 

-I 
:z. 0...111 

:Z8, 3 

6. 8 

- ---

• • • • Dr� 8 l ev• llna l v t l e  For STVIi, 199� W. V. 

0 
l .  Om• 

:Z l .  :z 

7. I 

• • • • 

�-

·I 

. ·r , 

•., 

;,3 
; 1:z,­

'3, :z 

:�· . 
: ·-)1. , 

4 
• 063111111 

l. 4 

l .  8 

------- ·  - ----------,-- ------ -------- ---------------------------------------
fl4fflp l •  1 0 : EL VADO Oat• 
I or•  I I nu :1 r•nn f 1,11111111.  ., 
n.,.., , k ,  

,.,, . -� 

'1 1 1 008 T i m• 111-ffffl 

' � • r c ent F i n e r  Th•� ' 

An• l v • I •  f o 1· flR I .•• Nn r.n,00:1 

II 

I ' � 

• 
• 

- �•-, 

• 
• 
• 
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,, . • • • • or, 8 l •v• An• l v 1 1 1  For BTVS, 1'92 w. v. • • • • 
..:', ------- --------------- __ .. ,� .. -------- ·- · --- --------- ------------ -- '-�· .. _ .... .:· _._ . ----------- ·- -

a ... , 1 e  t o  
Loca t i on : '1 

EL VADO 
PRE 

. -�'.·� 
0-IOCN 

Rema r l 1  

P h i a l le 1  
O r o • •  W t .  Tare Wt. Net Wt, 

1 6 1 9. 4 25. '1 15'12. 5 

-1 
120 ..... 
100. 0 

Date ; • 1 1002 

-6 -5 
64m111 32mm 

100. 0 73. 2 

-. • •  P e r c e n t  In Cla11 •• 0. 0 O. 0 .16. B 

Tiffie : 111-iMM.�:,,;,: :I., • . Ana l v . t ,  tor : 

Percent 
-4 

16mm 
50. 6 

22. 6 

F i n e r  
-3 

8 ,  0111111 
39. 7 

.t,;,,� .• -�· .... 
. . �. 
Then , > ·· ·. : 

I •· . .  .:.2 • :·' -�i4, °"'"'; ·: , ,;·;._o� ... � .-i ;,,. . .., . . .  ,. 
··'..i{ . .  "' . t· ;. 

- -�:'. �'-'-·-· 

- l  
:, ,  0111111 

27. 0 

0 
l .  Om•R 

20. l 

---------------------------------
88 Ld No •. . ,: 8R0223 

I 2 3 4 

o. 5111ftl . 2, .. ,. . 125•• ·, . 063'""' 
12. 6 7. 2 "'· o . 2. 0 

7. 5 5. 4 · 3·, 2  2. 0 
------- -- -----------------------. --------- --------- ------- ·--- · ·--������� �i------------ -- ---------------------------------

Samp l e  I D  : EL VADO Date : · • 1 1 00:z T i me : IIHMM ,.,..,:...-:1,,";,:{,_; · ... Ana l v a t a  , O r  : 118 La, Ho. 8R02:Z4 
Lou t l on '1 l'AE I0-20CN 

. i)i;"i· •. ��.:· · 
Rel't'a r k •  · · ,  �, ..... : 

P e r c e n t  F' l nel" Tlla') ·> "·'.;· •· 
P Ii l  . , . . . -7 -6 -5 -4 -3 " .(, .:..2 _ _  ;!-

O r o 1 a  W t ,  T a l" lt  Wt. Net Wt. 12e ..... 64ffl"I 32,. .. l6m111 ti. 0111 .. ·�. q.,,a�·: 
1287. 3 25. 7 126 1 . 6 100. 0 1 00. 0 83. V !17. 7 44. :z • 35. 0 � .·- . 

•: 

> ••• 
- I u 1 2 .. 3 

:Z. O,n111 I .  Om'II 0. 5- . 2, ... · •.; 12,-·. , 063,..,. 
:ZV. 4 22. I 14. 7 9. 3 4. l ,. l .  9 

\ 
t ··' .ii _ :  

• •  P e r c e n t  I n  C l a u  l e  O. 0 0 ,  O 1 6 .  1 26. 2 1 3 ,  5 '• • .. 2. : ; · . 5 .  6 7. 3 . 7. 4 6. 4 , ·  4. R :Z. 3 ------ -- -------------- �---- --- -------- - ----------- ---------------------- ---. ------------ -- -----------------------------------
Ba111p l e  I D : EL VADO D a t e  • 1 100:z Tl1111 
Loca t i on : 10 PRE 0-10Ct1 
Remal" l • 

r e r c , n t  
P h i  1 t u 1  -T -6 -5 -4 

HH1'111}/-' :_ �- . 
. 

' \t .  ,.. I ne r ' The., > 

Ana l v • l •  for 

-1 u 

1111 

l 

L•• N•. • 1  . lllt0:Z44 ····:-:i . 
. ,. . , 

. .. :·��: 2 I •, • :J • . 4 
O r o • •  U t .  

344:Z. 8 
Tare Wt. 

27. I 
Ne t Wt,  

3415.  7 
1:z9,,..,, 
100. 0 

64 ..... 
100. 0 

32mm 
4'7. , 
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Field Testing Photographs 
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Figure XV Drum sampling under submerged conditions (Stanislaus River. California) 
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Figure XVI Drum sampler with filter cloth sampling bag (Stanislaus River, California) 
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Figure XVII Collecting surface material grab sample using a drum sampler to isolate the 
sampling area (Gunnison River, Colorado) 
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Figure XVIII Collecting a surface material grab sample using a large spoon (Gunnison 
River, Colorado) 
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Figure XIX Placement of bulk density frame (Gunnison River, Colorado) 
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Figure XX Placement of plastic sheeting in bulk density frame (Stanislaus River, 
California) 
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Figure XXI Addition of water to bulk density frame for volume determination (Gunnison 
River, Colorado) 

190 



Figure XXII Placement and smoothing of plastic sheeting in the bulk density frame for 
final volume determination (Gunnison River, Colorado) 
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Figure XXIII Bulk density setup on the Stanislaus River, California 
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