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[57]  ABSTRACT 
A programmable calculator (20) is connected to a 
pumping sampler (12) by an interface circuit board (22). 
The calculator has a sediment sampling program stored 
therein and includes a timer (60) to periodically wake     
up the calculator. Sediment collection is controlled by a 
Selection At List Time (SALT) scheme in which the 
probability of taking a sample is proportional to its 
estimated contribution to total sediment discharge, or 
according to accumulated predicted sediment weight. 
Stage height is also measured and is recorded according  
to a set scheme. 

 
12 Claims, 2 Drawing Figures 
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MEANS AND METHOD OF SAMPLING FLOW 
RELATED VARIABLES FROM A WATERWAY 

IN 
AN ACCURATE MANNER USING A 
PROGRAMMABLE CALCULATOR 

TECHNICAL FIELD 
The present invention relates generally to determining 

the amount of sediment in a river or stream. More 
particularly, the present invention relates to a method of 
sediment sampling that produces statistically accurate 
results. 
 

BACKGROUND ART 
Knowledge of sediment levels in rivers and streams as 

well as knowledge of stage height is necessary to accu-
rately determine the effects of logging, industry, land 
development, or the like on rivers and streams. How-
ever, measuring and estimating suspended sediment 
yields in rivers has long been subject to confusion and 
uncertainty. Many methods have been developed for 
collecting data and estimating yields, a fact that sug  
gests the lack of a compelling measurement methodol-
ogy. The main reason for this situation is the lack of a 
theoretical framework that defines when discrete sam-
ples of suspended sediment should be taken. 

The ideal way to estimate the suspended sediment 
yield of rivers would be to measure suspended sediment 
discharge continuously. Such data could be integrated 
over the monitoring period in a way similar to that used 
to obtain water yield from a discharge hydrograph. 
There is no technique, however, to monitor suspended 
sediment discharge directly. A second approach is to 
measure suspended sediment concentration and water 
discharge continuously, and use the product function as 
an estimate of suspended sediment discharge.

Obtaining continuous records of concentration, how-
ever, is subject to numerous problems. Such measure-
ments are necessarily indirect; turbidity and water/sedi-
ment density are two quantities that can be related to 
suspended sediment concentration. Calibration of these 
qualities is a continuing problem, the instrumentation is 
expensive and subject to breakdown, and 120 volt A.C. 
electrical power is usually required. 

When cost, remoteness of sites, and technical difficul-
ties preclude collecting continuous concentration data, 
the usual course is to measure water discharge continu-
ously and to take occasional discrete water samples for 
gravimetric analysis of suspended sediment concentra-
tion.  The samples are taken manually, or, more com-
monly in recent years, with automatic sampling equip-
ment. Automatically pumping samples can facilitate the 

collection of suspended sediment samples. Most com-
mercial samplers have two operational modes-fixed time 
intervals and flow-proportional sampling. In most 
instances, flow-proportional sampling requires an exter-
nal controller with fixed time intervals handled inter-
nally by the sampler. 

Pumped suspended sediment samples are often col-
lected at equal intervals of time. This practice produces 
many samples during low flow conditions and few sam-
ples during infrequent high flow conditions. But, reduc-
ing the time interval increases the size of the data set 
with no assurance that high flows will be adequately 
represented. The need to sample more frequently is 
often hampered by difficulty of access to remote areas 
coupled  with  runoff  events  of short  duration.   When 

2 
dealing with such conditions, long periods of calibra- 
tion are required, and analyzing streamflow information 
is delayed because of missing records. 

Although  numerous  methods  are  available  to  im- 
5 prove automatic sampling, most rely on a "controller"  

to skew sampling toward high states or significant 
events. Several investigators have developed or modi-  
fied instruments that control the collection of suspended 
sediment samples. One such instrument is known as a 

10 Proportional Frequency Controller and is an electronic 
device that produces a pulse frequency proportional to 
water discharge. Sampling frequency is controlled by    
34 different stage positions of a float-pulley system.  
Each position is actuated with a magnetic switch and is 

15 adjusted with a fixed and a variable resistor. Conse-
quently, to update a rating equation or move the device 
to a new location may require a substantial amount of 
rewiring and calibration. Besides these constraints, 
moisture and temperature can cause reliability prob- 
lems. A second system uses a standard water level re-
corder modified so that the sampling frequency is con-
trolled by switches wired to a timing circuit. Four inter-
vals of stage can be set to five different fixed time inter- 

25 vals (1 1/2
1

 to 24 hours). Changing time intervals or stage 
setting requires electronic or mechanical manipulation  
of the recorder. Another sampling system was devel- 
oped on the basis of the relationship between rainfall 
and discharge. Electric pulses from a tipping-bucket 

30 rain gauge activated a pumping sampler whenever the 
rainfall reached a threshold intensity. Sampling contin-
ued at regular increments of rainfall until the intensity 
dropped below the threshold. Thereafter, samples were 
collected at fixed time intervals. 

35 These methods, although an improvement over fixed 
time intervals, do not provide for the flexibility to easily 
change sampling frequencies nor do they produce statis-
tically acceptable data. Therefore, data sets are col-  
lected that contain little statistically useful information. 

40 All of these sampling methods are based on the as-
sumption that water height can be related accurately to 
sediment flow since sampling frequency is altered ac-
cording to stage height. This assumption is based on 
prior data concerning a particular waterway. While 

45 such assumptions are accurate in a broad sense, they are 
not accurate enough and therefore affect any data gath-
ered which is based on these data or assumptions. 

Therefore, regardless of how the samples are col-
lected, there remain the questions of when the measure- 

50 ments of concentration should be made, how they 
should be used to estimate the total yield, and what the 
properties of the estimates are. 

In order to overcome these problems, a variety of 
methods for estimating total suspended yield have been 

55 investigated. The tested combinations of estimation 
technique have ranged from 70% below to 40% above 
the true value. Most of the estimates were less than 60% 
of the correct value. The variance of the estimators 
tended to increase as the accuracy improved, thus can- 

60 celling the benefits, and no approach emerged as the 
 ideal choice for all conditions. 

These techniques can be termed nonstatistical be  
cause the sampling probabilities are not known. The 
estimators, therefore, cannot take the probability struc- 

65 ture into account, resulting in bias (i.e., systematic over-
or underestimation of true values) that depends on un-
known and variable factors in the data collection pro- 
cess and on specific site conditions. Bias is particularly 
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prevalent when measuring small flashy streams that 
drain mountainous terrain. In general, higher flows 
should receive a disportionately large share of sediment 
sampling effort, but no clear direction has existed to 
provide either the size of the sample or its distribution 
over differing flow conditions. 

The other major shortcoming of nonstatistical estima-
tors is that they do not allow a valid estimate of preci-
sion of the estimated total yields. This fact prevents 
making valid comparisons between treatments, setting 
sample size to obtain desired precision of the estimators, 
and efficient direction of the sampling process. 

In this disclosure, "sample size" refers to the number 
of population units in a statistical sample rather than to 
the volume of a sample of water used to determine 
concentration. 

Therefore, there is need for a means and method of 
collecting sediment samples from a stream or river 
which is based on a sampling strategy which gives esti-
mates with known properties and produces statistically 
acceptable results and which can be used in association 
with high flow conditions. 

DISCLOSURE OF THE INVENTION 
It is a main object of the present invention to obtain 

accurate data related to the quantity of sediment in a 
river or stream. 

It is another object of the present invention to pro-
vide an interface circuit for electrically connecting a 
programmable calculator to a water stage sensor and a 
pumping sampler to automatically control the sampler 
with a stage dependent sampling scheme incorporated  
in a program in the calculator. 

It is another object of the present invention to moni-
tor suspended sediment concentration with variable 
probability sampling to estimate total suspended sedi-
ment yield in a river or stream. 

It is another object of the present invention to moni-
tor suspended sediment in a river or stream in a manner 
which can be changed as desired. 

It is another object of the present invention to moni-
tor suspended sediment in a river or stream while also 
obtaining hydrographic data. 

It is another object of the present invention to apply a 
Selection At List Time (SALT) scheme to control 
sampling of concentration for estimating total sus-
pended sediment yield. 

In this disclosure, "programmable calculator" refers 
to the HP-41CV, HP-41CX, HP-75C; the words "calcu-
lator" and "computer" are used interchangeably and in  
a general sense. 

Three different groups of electronic devices are avail-
able to improve sampling efficiency. (1) Commercially 
available controllers designed for this task are often 
preprogrammed for a specific site, and generally em-
phasize data logging instead of handling complex equa-
tions; however, system costs can be high. (2) Custom 
made, microprocessor-based controllers can offer flexi-
bility with moderate component costs. Unfortunately, 
hardware and software design and development are 
complex and time-consuming. (3) A programmable 
calculator capable of controlling pumping samplers 
allows manipulation of complex equations, flexibility, 
and is attainable at moderate cost. The use of a pro-
grammable calculator permits storage and manipulation 
of complex equations and relationships at reasonable 
system cost with reasonable system complexity. There-
fore, if a programmable calculator is included in the 

4 
sediment sampling mechanism, statistically accurate  
data can be provided. The calculator can be connected 
to a pumping sampler via the interface circuit, to acti- 
vate that sampler according to constraints in a program 

5 stored in the calculator. The calculator can also store 
 data, such as stage height. 

The method used to control sampling is dependent on 
the techniques of sample survey theory; that is, statisti-
cal methods designed for sampling finite populations. 

10 The finite population fo be sampled and the units that 
comprise it will be defined, and a sampling method 
selected to make the best use of the population struc-
ture. 

The most basic form of probability sampling is called 
15 simple random sampling (SRS), where each sample of a 

given size has the same probability of being selected. 
Probability sampling, however, does not require that 
selection probabilities be equal, only that they be 
known. In many cases, using a strategy that restricts the 

20 random selection of sampled units according to relevant 
population characteristics can reduce sample size or 
improve precision of the estimators. In this way, other 
available information can be brought to bear to improve 
the efficiency of the sampling scheme. 

25 One sampling technique that restricts randomization     
is termed "sampling with probability proportional to 
size" (or PPS). "Size" in this context refers to the mag-
nitude of the measured characteristic of the population 
units.  Because these magnitudes are not known  until 

30 after the sample is collected - and then only for the 
sampled units - PPS sampling depends on having an 
easily measured auxiliary variable known to be related 
to the variables of interest. The auxiliary variable must 
be easily measurable because it is this variable that de- 

35 fines selection probabilities and therefore must be mea-
sured for every unit in the finite population. The auxil-
iary variable contains outside information that is used to 
improve the sampling of the primary variable. 

A complex relationship is required between the pri- 
40 mary and auxiliary variables to make PPS efficient. It is 

not enough for the variables to simply be correlated. 
The auxiliary variable must be positively correlated to 
the square of the primary variable divided by the auxil-
iary variable. That is, if y is a primary variable, to have 

45 x be an effective auxiliary variable requires Corr(x-
,y2/x)>0. The magnitude of this correlation does not 
affect the unbiasedness of PPS estimators, but stronger 
correlations reduce the variance of the estimates. 

Suppose an investigator wants to estimate the total 
50 volume of channel sediments stored in the tributaries of 

a watershed. If all tributaries cannot be measured, they 
can be sampled. If SRS is used, all tributaries would  
have the same chance of entering the sample. With 
tributaries of widely differing size, however, this ap- 

55 proach can be very inefficient. Large tributaries, which 
contribute heavily to the total, would not be any more 
likely to enter the sample than small ones, which con-
tribute little. 

The investigator would like to preferentially select 
60 the important tributaries while still remaining within a 

well defined probability context. A reasonable auxiliary 
variable is tributary length which is likely to be related 
to the volume of stored sediment, and it can easily be 
measured from maps or photos. The lengths of all tribu- 

65 taries are determined first. The tributaries are listed it 
any arbitrary order followed by their lengths, and the 
cumulative sums of the lengths are formed. Suppose n is 
the desired sample size. Then a set of n uniform random 
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numbers is selected from 0 to the largest cumulative 
sum. For each random number, the tributary having the 
next larger cumulative sum is selected for the sample. 
Because the random numbers are selected uniformly, the 
probability of selecting any tributary is equal to its 
length divided by the total of the lengths of all tributar-
ies. The larger tributaries,therefore,have a greater prob-
ability of being chosen for the sample. The estimators of 
total volume of stored sediment and its variance are 
weighted to account for the unequal-but known--
probabilities of selection, making both statistics unbi-
ased. 

While this scheme will work well for many problems, 
it does require that all values of the auxiliary variable be 
known before sampling of the primary variable can 
begin. This requires two traverses of the population,  
one to measure the auxiliary variable values of all units, 
and one to measure the primary variable on those units 
selected for the sample. This procedure will not work, 
therefore, when sampling a time dependent process  
such as suspended sediment. Any auxiliary variable 
would have to depend on conditions during the mea-
surement period, at which time it would be too late to 
sample. 

An improved PPS sampling technique was developed 
to avoid this general problem and adapted to sampling 
forest tree volume. A further refinement, also devel 
oped for forestry use, is called SALT (Selection At List 
Time) sampling. SALT sampling provides a technique 
for creating a list of random numbers before the time 
period being monitored, and for using these numbers to 
determine which units should be sampled as the auxil-
iary variable values become available during the pro 
cess. The SALT estimators give unbiased estimates of 
the total and its variance. 

Using pumping samplers, small battery-powered 
computers, and stage sensing devices at gauging stations 
offers an opportunity to employ probability sampling to 
monitor sediment and estimate suspended sediment yield 
more efficiently. The selection at list time (SALT) 
technique for sampling sediment with probability pro-
portional to the magnitude of estimated sediment trans-
port employs a sediment rating function to calculate an 
auxiliary variable that directs the sampling process. The 
auxiliary variable is an estimate of the suspended sedi-
ment yield during a short time period (sample unit), and 
must be calculated for every unit in the population. 
Sampling efficiency is improved because the probability 
of taking a sample is proportional to the estimated con-
tribution of that unit to the total yield. Sample size is set 
to obtain estimates with desired performance. This sam-
pling scheme gives unbiased estimates of suspended 
sediment yield and its variance and requires fewer field 
measurements than commonly used techniques. It auto-
matically emphasizes concentration sampling at higher 
flow levels by using presently available technology.

Therefore, the present invention provides a means and 
method for connecting a programmable calculator to a 
stage sensing device and a pumping sampler, and 
programs the SALT scheme or another appropriate 
scheme into that calculator to control the sampling of 
suspended sediment concentration in a river or stream. 

DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic representation of the equipment 

used to effect stage controlled collection of suspended 
sediment samples; and 

6 
FIG. 2 is a schematic of a circuit board used to inter-

face a programmable calculator to a stage sensing de  
vice and to a pumping sampler. 

 

5  DETAILED DESCRIPTION OF THE BEST 
 MODE FOR CARRYING OUT THE INVENTION 
 Shown in FIG. 1 is a sediment sampling means 10 
    which is used to collect sediment samples from a river 
    or a stream according to a SALT scheme. The sampling 

10 means 10 includes a pumping sampler 12 having an 
 intake 14 immersed in a waterway 16 for withdrawing 
 sediment samples and transferring those samples to a 
 suitable storage means. The collected sediment samples 
 can be analyzed to obtain suspended sediment concen- 

15 tration. 
Operation of the pumping sampler is controlled by a 

programmable calculator 20 via an interface circuit 
board 22 and leads 24 and 26 respectively. The circuit 
board is coupled to a power source 28 by suitable leads 

20 30. The interface circuit board 22 also supplies power to 
the stage height measuring means 32 which measures     
the height of the waterway 16 and records that mea-
surement for back up records. The stage height measur  
ing means converts water stage from mechanical to 

25 electrical information and includes a float 40 coupled to   
a pulley 42 by a float tape 44. The pulley 42 is attached  
to a potentiometer 46 by meshed gears 47 and 48 and 
shaft 50. The output of the potentiometer varies accord-
ing to the height of float 40 and the potentiometer out- 

30 put is supplied to the interface circuit board by a lead    
52. The interface circuit is connected to an event    
marker 53 which is used for backup pumped sample 
records via a lead 54. The analog output signal from the 
potentiometer is converted to a digital signal by the 

35 interface circuit and transmitted to the computer for use 
by the sampling program. The memory can be trans-
ferred to magnetic tape at suitable times and electroni-
cally transferred to an office computer for storage and 
analysis. 

40 The pumping sampler 12 and the stage height measur-   
ing means 32 are known and the structural details of 
these elements per se do not form part of this invention. 

The calculator itself can be any of at least four well 
known elements: the HP-75 (TM of the Hewlett-Pac- 

45 kard Co.), or the HP-71 (TM of Hewlett-Packard Co.),  
or the HP-41CV, or HP-41CX, the details of which are 
not part of the invention. It is the use, itself, of a pro-
grammable calculator in a sediment sampling setup that 
forms an important part of the present invention, not the 

50 calculator itself. An HP-IL (TM of Hewlett-Packard   
Co.) interface module can be used to provide a physical 
two-wire link between the calculator and the interface 
circuit board. A schematic of the interface circuit board 
22 is shown in FIG. 2, and a complete description of the 

55 calculator and circuit board are disclosed in "Control   
ling the Automatic Sampling of Suspended Sediment 
Using a Programmable Calculator and Interface Cir-  
cuit", also known as "Controlling Suspended Sediment 
Samplers by Programmable Calculator and Interface 

60 Circuitry", by Rand E. Eads and Mark R. Boolootian of 
Pacific Southwest Forest and Range Experiment Sta-    
tion and published by the Forest Service, U.S. Depart-
ment of Agriculture, Arcata, Calif. 95521. 

However, in the interest of clarity, the circuit will be 
65 briefly described. Referring to FIG. 2, the circuit in 

cludes a lead 91 which connects potentiometer 46 to a 
voltage source (not shown), while the system is at    
tached to power source 28 via lead 30 and connection 
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92. Voltage of potentiometer 46 is applied via lead con-
nection 93 and is used in the production of an analog 
signal representing water level. Connecting leads 94   
and 95 are system grounds attached to power source 28 
via lead 30. Voltage is applied to the event marker 53  
via lead connection 96, while lead connections 97 and 
98 are relay connections to pumping sampler 12 via lead 
24. Lead connections 99 and 100 connect the system to 
another sampler (not shown). 

The use of the sampling means 10 is discussed in "A 
Programmable Calculator Improves Automatic Sam-
pling of Suspended Sediment" by Rand E. Eads, Steven 
C. Hankin and Mark R. Boolootian of Pacific South-
west Forest and Range Experiment Station, which has 
been completed and is awaiting publication in Water 
Resources Bulletin. 

The present invention includes implementing the 
SALT scheme to control sampling of concentration for 
estimating total suspended sediment yield. This imple-
menting 

is fully disclosed and discussed in "Estimating Total 
Suspended Sediment Yield with Probability Sampling", 
by Robert B, Thomas of the Pacific Southwest Forest 
and Range Experiment Station of the U. S. Forest Ser-
vice, and in press for Water Resources Bulletin. Thus, 
the SALT scheme and its application to the sampling of 
suspended sediment will only be disclosed sufficiently to 
understand the present invention. The full details are 
available in the referenced Thomas Paper. The calculator 
has a time element 60 programmed to turn that 
calculator on and off at predetermined times. The calcu-
lator is off most of the time to conserve the batteries and 
wakes up at specified periods to execute the sampling 
program. The wake-up periods are close enough to-
gether that adequate states in the river or stream are 
sampled, even during rapidly rising stages. A preferred 
wake-up period is ten minutes. 

Several ideas must be developed to apply the SALT 
technique to estimating suspended sediment yields. The 
first of these is the definition of the finite population and 
the units that comprise it. The population must be com-
posed of units that are non-overlapping, exhaustive, and 
well defined for selection purposes. "Short" periods of 
time define the population units, and a measure of sus-
pended sediment yield during the period is the charac-
teristic of interest. A common duration (e.g., 5 to 30 
minutes) must be chosen for the sampling periods for a 
given time period to be monitored. Let yi be the measure 
of suspended sediment yield for the ith time period (i.e., 
population unit). Then, 

yi=qici ∆t K, 

where qi is the water discharge rate and ci is the sus-
pended sediment concentration for the ith period, ∆t is 
the time duration chosen for the sampling periods, and 
K is a constant to convert units. For example, if qi is in 
m3/s, ci is in mg/l, and the sampling period is 1800 
seconds (i.e., 30 minutes), then K=10-3(1•kg)/(m3.mg) 
gives yi in kg. 

If the sampling period duration is short enough we 
can use the water discharge rate at the midpoint of the 
period for qi. In a similar way, ci will be a discrete sam-
ple of suspended sediment concentration taken at the 
midpoint usually with a pumping sampler. A sampling 
unit, therefore, is represented by the conditions at the 
midpoint of the sampling period. This means that the 
"sampled population" (i.e., the population of yi's) is not 
identical to the "target population" consisting of the 

8 
continuous records. By adjusting the sampling period 
duration, however, these two populations can be made 
to match as closely as desired. 

The sampled population, therefore, consists of all of 
5 the yi 's for the period being monitored. If resource 
 were adequate all of the values of yi could be measured 
 to determine the total suspended yield. That is, if there 
 are N sampling periods in the monitoring period, the 

10 "true" population total, Y, is given by 

∑
=

=
N

i
iYY

1

 

15      It henceforth will be assumed that the sampling per-
iod duration has been chosen to satisfy the hydrologist 
that the target and sampled populations are sufficiently 
similar for the investigation in question. 

An auxiliary variable that can be measured through- 
20 out the period being monitored is required to perform 

SALT sampling on this population. Because water dis-
charge is usually measured continuously, an ideal auxil-
iary variable is the common sediment rating function 
that expresses suspended sediment concentration as a 

25 function of the rate of water discharge. Let f be this 
empirically determined function and iĉ  denote the esti-
mated concentration. Then, 

iĉ = f(qi) 
30 

is an estimate of the suspended sediment concentration 
at the midpoint of the ith interval We can now define xi 
as an estimate of the suspended sediment dischrage for 
the ith  sampling period. That is, 

35       xi = qi iĉ ∆t K, 

which is identical to the formula for yi except that ci has 
been replaced by iĉ . 

40 The value of xi will be known for every sampling   
period in the period to be monitored. Therefore, the 
total estimated suspended sediment yield, X, can be 
defined as, 

45  

∑
=

=
N

i
iYY

1

 

∑
=

=
N

i
ixX

1

 

There is a problem of having to know f before sam 
pling can begin, but having to sample before f can be 
determined. In many basins, some sediment rating data 
will exist that can be used to make at least preliminary 
estimates of the rating function. These estimates can be 
revised as SALT data accumulate. As a last resort, data 

55 from nearby catchments can be used for tentative esti-
mates until data from the monitored stream become 
available. The quality of f does not affect the unbiased-
ness of the estimator of suspended yield, but it does 
affect its variance. That is, the better f predicts iĉ , the 

60 lower the variance of the estimate of the yield. 
 Preparing for Sampling 

Accomplishing the SALT process in "real time" 
generally requires additional instrumentation at a gaug-
ing station. SALT sampling will usually be used at a 

65 station that has a continuous stage recorder and a pump-
ing sampler. Sampling periods should be "short"-espe-
cially on streams having highly variable suspended 
sediment concentrations-so determination of xi will 
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have to be done frequently. This is accomplished by 
sediment sampling means 10. 

A set of random numbers must be selected before 
sampling each period to be monitored. This is done by 
making a preliminary estimate, Y', of Y, the total sus-
pended sediment yield expected during the period to be 
monitored. To insure that the random numbers cover a 
sufficiently large range to sample the expected yield of 
suspended sediment, Y' is multiplied by a factor, W, to 
obtain: 

Y*=W Y'. 

W is essentially a factor of safety ensuring a near zero 
probability that the total estimated suspended sediment 
yield, X, is greater than Y*. If X exceeds Y* the sam-
pling algorithm will run out of random numbers. The 
magnitude of W will reflect the quality of existing data 
and the consequent uncertainty of the estimate, Y', but 
it will usually be in the range from 2 to 10. 

A procedure is described in the incorporated by ref-
erence Thomas paper to establish n*, the number of 
random numbers that must be preselected to obtain a 
specified level of performance for the estimators. As-
suming temporarily that its value is known, n* uniform 
random numbers are selected from the interval (0,Y*], 
where the parenthesis indicates exclusion of the bound-
ary point from the interval, and the square bracket indi-
cates inclusion. The actual selection is carried out in the 
calculator using a pseudorandom number generator. 
The random numbers are sorted into ascending order 
(to facilitate their use during sampling) and stored in the 
computer. 

The SALT sampling process and the procedure for 
estimating total suspended sediment yield are fully de-
scribed in the referenced Thomas paper, and attention 
is directed thereto for such disclosure. A procedure for 
establishing sample size is also described in that paper. 
Data are retrieved from the calculator by a portable 
digital cassette recorder and can be transferred to a 
computer without intermediate reduction or manual 
entry.

INDUSTRIAL APPLICABILITY 
While the SALT scheme has been described as the 

means for controlling the sampling process, other 
schemes are also available due to the versatility of the 
programmable calculator. Another effective control 
scheme includes basing the sampling on the estimated 
suspended sediment yield. In such a scheme, each time 
the calculator wakes up it measures the stage height and 
estimates the sediment yield based on past sediment vs. 
stage height relationships for the particular waterway 
being monitored. This predicted value is stored in mem-
ory. Each new predicted value is added to the predicted 
value already stored in the memory. When the summa-
tion of predicted yield values exceeds a preselected level, 
a water/sediment sample is collected. In this manner, 
the sampling procedure is controlled by the estimated 
amount of suspended sediment passing the monitoring 
station. Other sediment sampling methods can also be 
used by altering the program in the calculator 
accordingly. 

If no rating data exist for the waterway of interest, 
temporary equations can be constructed from a similar 
watershed. As rating data are developed, the program is 
modified to reflect any changes, and changed as fre-
quently as every storm event, if desired. 
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While the wake-up period has been disclosed as being 

ten minutes, other intervals can be used. 
The calculator can also be used to accumulate hydro-

graphic data. For example, every time the calculator 
5 wakes up, stage height is measured, if the just-measured 

stage height corresponds to that height which is  pre-
dicted within a stated tolerance by a straight line extrap-
olation of the last two stored measurements, the just-
measured value is not stored. However, if the just- 

10 measured value deviates from the predicted value by 
      more than the tolerance, the just-measured value is 
      stored and used to modify the straight line extrapola-
     tion. 
15       We claim: 
 1. A method of controlling the sampling of flow re- 
      lated variables from a waterway which has various 
      stages including steps of: 
 obtaining a sample from the waterway with a pump- 
20            ing sampler; 
          sensing the stage of the waterway with a water stage 
                sensor; 
          providing a programmable calculator; 
          providing an interface circuit board to electronically 
25             connect said programmable calculator to said 
                 pumping sampler and to said water stage sensor; 
                 and 
         using a SALT scheme to automatically control when 
                 a sample is taken from the waterway. 
30 2. The method defined in claim 1 wherein the flow- 
     related variables include the level of suspended sedi- 
     ment. 
 3. The method defined in claim 2 further including a 
 step of comparing the sensed stage of the waterway to 
35 a predicted value of stage height. 
  4. The method defined in claim 3 further including a 
 step of recording the sensed stage height of that sensed 
 stage height differing from the predicted stage height 
 by more than a predetermined value. 
40  5. A method of controlling the sampling of sediment 
 from a waterway including steps of: 
       providing a pumping sampler for sample collection 
               from the waterway; 
  providing a water stage sensor for sensing the stage of 
45                  the waterway; 
      providing a programmable calculator; 
      providing an interface circuit board to electrically 
              connect said programmable calculator to said 
50  pumping sampler and to said water stage sensor; 
     and automatically controlling when a sample is taken 
  from the waterway by measuring stage height of 
              the waterway with said water stage sensor, 
      predicting the amount of sediment which corre- 
55              sponds to that stage height with said programmable 
            calculator, 
      recording a value which corresponds to the amount 
            of sediment predicted, and 
      collecting the sample of sediment when the recorded 
60               value reaches a predetermined value with said 
            pumping sampler. 
  6. The method defined in claim 5 including measuring 
 stage height and predicting the amount of sediment a 
 plurality of times and further including a step of adding 
65 the predicted values together to define an accumulated 

sediment value and then collecting a sediment sample 
when that accumulated sediment value reaches the 
predetermined value. 
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7. The method defined in claim 5 wherein said mea-
suring and predicting steps are carried out periodically 
on a set period which is independent on stage height. 

8. A means for sampling sediment from a waterway 
comprising: 

a pumping sampler means for withdrawing water/-
sediment from the waterway; 

a programmable calculator means for controlling 
said pumping sampler, said programmable 
calculator means including means for activating 
said pumping sampler according to a SALT 
sampling scheme; 

recording means for recording stage height; and 
interface circuit board means connecting said pro-

grammable calculator to said pumping sampler 
means and to said recording means. 

9. A means for sampling sediment from a waterway 
comprising: 

(a) a pumping sampler means for withdrawing wa-
ter/sediment from the waterway; 

(b) measuring means for measuring the stage of said 
waterway; 

(c) a programmable calculator means for controlling 
said pumping sampler, said programmable calcula-
tor including 

12 
  (1) means for predicting the amount of sediment for 
  the stage measured by said measuring means, and 
          (2) means for activating said pumping sampler 
              means when the predicted amount of sediment 
5             reaches a predetermined value; and 
      (d) interface circuit board means connecting said 
         programmable calculator to said pumping sampler 
         means and to said measuring means. 
      10. The means defined in claim 9 wherein a plurality 

10 of stage measurements are made and wherein a corre- 
 sponding plurality of sediment values are predicted by 
 said programmable calculator, and said programmable 
 calculator further includes means for summing said 
 plurality of predicted sediment values and activating 

15 said pumping sampler means where said sum of pre- 
 dicted values exceeds a predetermined value. 

11. The means defined in claim 9 wherein said pro-
grammable calculator further includes means for re-
cording height of the water in the waterway. 

20      12. The means defined in claim 11 wherein said pro-
grammable calculator further includes means for acti-
vating said programmable calculator at periodic inter-
vals which are independent of stage height. 

*    *    *    *    * 
25 


