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A progrnrninable calculator connected to an 
interlace clrcult can control automatic samplers 
and leco~d streamflow data The c~lc~i i t  converts 
a voltage reptescntl~ig wale1 stage to a cligltnl sig- 
nal The sampling program logs streamflow data 
when t h e  1s a predefined deviation fiorn a llnear 
tiend in the ware1 elevation The calculatol es- 
tlrnates s~lspendecl sediment d~scharge fro111 rat- 
lng coefliclents lor the gauglng \ite When a 
th~e\hold value ol accumillatecl suspended sedl- 
ment cl~scharge 1s leached, the calculato~ sends a 
signal to the ~nterface circuit that activates a 
pumptng sampler The sampling program ir e a e  
11y ilpdated, and data ale tr ansfel red to a com- 
puter by using a d~gital cassette tecorder Thls 
system Increases utmpllng Nexlb~lrty anci effi- 
clency 

Rrtrrrtvrl Ernw. automatic pumptng samplers, 
streamflow, s~ispended sccllment, su~npling. 
water clual~ty. data logger, progrunlmable cal- 
culator 

or and efiace 
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auging sites located in steep terrain 
are often subjected to short-duration 

r~anaoff events. These events reduce the 
probability of collecting sa~laples during 
high flow conditions. Automatic punnping 
samplers can improve the collection of 
suspended sedinlent data when operated at 
fixed tl~ne intervals. Although such inter- 
vals can range from minutes to hours, long 
intervals are often used to linlit the nunlber 
of sarllples and reduce laboratory expense. 
As a result, high flow conditions are 
missed or undersampled. Sarnpling fre- 
quencies adequate for uncommon large 
runoff events, however, oversample low 
flow condifons . 
A programmable calculator can im- 

prove the quality of sanlpling by skewing 
it towards innportant events. Moreover, the 
sa~npling program is easily updated, and 
field records, containing streamflow data 
and sa~npling tirlles, can be transferred di- 
rectly to a comp~ater. Commercial con- 
tmIler/data loggers have been available for 
several years. They are often prepro- 
granlnled for a specific site, howeven; and 
generally emphasize data logging, instead 
of handling conlplex equations. Also, the 
cost of these devices may be prohibiGve. 

This note describes a system that can 
control the collection of puinped sus- 
pended sedirnent sa111ples anderecord 
strea~nflow data, and includes detailed wir- 
ing schematic, component list, and pro- 
gram listing. The general theory of 
operation and software development is de- 
scribed in an earlier publication. ' 

METHODS 

Hardware - 

Two commercial calculators2-the 
Hewlett Packard HP-4lCV and HP- 
4-1 CX-can activate pumping samplers 
and log streamflow data under program 
control. In addition to the calculator, two 
plug-in modules &and a general purpose in- 
terface are necessary to communicate with 
the external inledace circuitry and devices 
(jig. I). The HP-EL provides a physical 
two-wire link between the calculator and 
the general puqose interface. The HIP-HL 
Module codes and decodes messages and 
commands between the HP-IL and the cal- 
culaton: The Extended IVO Module sup- 
plies additional instructions 'chat enhance 
the inpuVoutput functions of the HP-IL 
Module. The HIP-IL Converter is a general 
purpose intedace that provides cornmu- 
nictjlrion between the HP-IL and external 
ci-cuitry supplied by the user. En addition, 
it provides two eight-bit parallel data 
buses, a bidirectional data buffen; and data 
transfer logic for ""handshaking. " Input I 
supplies a 0- to 5-VDC signal to the ana- 
log-to-digital converter that sends an eight- 
bit representation of stage to data bus A 
(fig. 2). Data bus B supplies output signals 
through the calculabr and HP-IL that con- 
trol the start of analog-to-digital conver- 
sion, and activate the pumping sampler 
The circuit board can control two sam- 
plers: outputs 7 and 8 contml sa~npler A, 
and outputs 9 and 10 control sampler B. In 



Figure I-The sediment sampling system con- ules, and general purpose interface lo connect 
sists of a programmable calculator, plug-in mod- with the interface circuitry. 

addition, output 3 provides a 12-VDC sig- 
nal "r'or an cvenlt marker. Thc hanc8ah;ke 
lines control eha: input f'r-om the analog-to- 
digleal cc3nvertcr- ~CPWCT-tip and -down cir- 
cuitry, and latch tl-rc data in the in t~r -~lce  
circuit (Appendix A).  

TO extend battery life in remote areas, 
the circtllt C C P I - B ~ I O O ~ ~ ~ ~  th;i.t cc>nseln-rle the 
IIZOS~ power are gsowerec! down when1 nsot 
in use (this incle~cies the converter, ankniog- 
to-digitat cksi~verter, and poteratio~~aeter 
which are connected to c~tzlput 2). In  OLIB. 

application, &he HP-IL Converter uses 
negiltive control logic, which implies that 
:ill signals go true when power i x  removed. 
This complicates inatehice circuit design 
by reqellring support circtnltry to prevent 
false signals from triggering undesired 
events. The line for powering-up external. 
circuitry (WKUP) is an output of the con- 
verter and functions ~ander calcul~itor con- 
trol, even when power is off to the 
convertec WKUP pulses wilenever an IL 
command is sent from the calculatol-, in- 



cluding the comnn~md for powering-down 
the external circuitry. Because the flip-flop 
(iiC 7A) that switches power to output 2 has 
both the power-up and powe~down lines 
as inputs, tri-stating the lines is necessary 
to prevent the signals fro111 interfering with 
one another. 

Data bus B on the co1lverter is used for 
internal cormmunication -when it is not 
being used for output. Therefore, the data 
lines  nus st be latched. A handshake line on 
the converter DA'k'o is used to latch the 
&&a. Since DAVO goes true whet1 the con- 
verter is powered down, a tri-state is used 
with a p~all-up resistor to prevent false 
latching. 

Addifonally, the circuit allows serial 
sannpling using t w  p~amping samplers. 
When the last bottle in the first sampler has 
been filled, the program changes conltrol 
lines to perrlllt sampling in the second 
samplen: 

Software 

We developed the software to contrc~l a 
pumping sampler based on estinlated sus- 
pended sediment discharge. Although spe- 
cific to our application, modifications of 
the program for sinlilar situations would 
not require exte~~sive changes. 

The softwan-e for the HP-41 system con- 
sists of three programs: (a) the sampling 
pn-ogram (Appendix B), (b) the data dump 
mutine, and [c) the program for trmsfer- 
ring data f o m  the calculator to the com- 
puter. 

The sampling program controls the 
pumping sampler and event marker, per- 
forms the necessary calculations, and re- 
cords streamflow data. The system is fully 
automated and requires no operator inter- 
vention, except for the initial calculator in- 
stallation and pe&ornning data dumps. The 
sampling program, along with the regis- 
ters containing equation coefficients and 
constants, is stored on a cassette tape. Us- 
ing the HIP Digital Cassette Drive, the pro- 
gram and register contents are loaded into 
the calculator at the office or in the field. 

When a calculator is first installed at a 
site, "re subrouf ne COLD is executed ($8. 
3). It blanks memory and sets the variable 
data registers to appropriate values. The 
subroutine then applies power to the ex- 
ternal circuitry, initializes the converten; 
m d  .records the stage and time. It also sets 

Figure 3-The routine COLD is executed when MAIN. The RESS-ART routine is similar to COLD, 
the programmable calculator begins operations. but does not set up an alarm to execute MAIN. 
It subsequently activates the sampling routine 

an alarm in the calculator that will execute 
the sampling program (MABN). In our ap- 
plicadon, the alarm is set to repeat once 
every 10 ~ ~ i n u t e s  (the interval can be any 
integral divisor of 60). Finally, COLD 
turns off external circuitry and then turns 
off the calculator 

The subroutine ESTART is executed 
each time a data dump is performed. RE- 
START executes essentially the same op- 
erations as COLD, with one exception: it 
does not set an alarm. The alarm set by 
COLD continues operating. An alarrn will 
not activate if the calculator is on; thus it 
is possible to pelform data dumps and 
service the sampler without interruption. 
When HBESTAK has completed the ini- 
tialization it mrns off both the external cir- 
cuitry and the calculaton: 

When the alarm time is due, the cal- 
culator brns on and executes the, subrou- 
tine MAIN. MAIN estimates the current 
rate of sediment discharge and acculnu- 
lates the estinlated amount of sediment 
which passed the gauging station since the 
last wake-up period. After a threshold 
amount of sedinlent has been exceeded, 
MAIN activates the punlping sampler 

MAIN also determines if a data point 
should be logged. A data point, consisting 
of time and stage, requires two bytes of 
memory. It is recorded if the current stage 
deviates by more than a predetermined tol- 
erance from the line defined by the two 
previously recorded data points. Stage is 
read from the analog-to-digital converter 
and time is the nu~nber of wake-up inter- 
vals since the last recorded data point. The 
maximum number of wake-up intervals 
between recorded data points is never al- 
lowed to exceed 255 (without recording a 
point). A total of 408 data points can be 
stored. 

The data dump progratn is a short series 
of instructions that retrieve dara from the 
calculator and write them onto a cassette 
tape. Performing a data dump does not in- 
terfere with nornlal operation except for 
delaying (by one or two wake-up intervals) 
pumping sampler activation or data log- 
ging. The cassette tape is then taken to the 
office for analysis. 

At the office, data from the cassette are 
reloaded onto a calculator for transfer to a 
computer. Data transfer, from calculator to 
computer, takes place under calculator pro- 



gram control. The calcerfatm is ccsnnccted 
to the computer "Irongh the HP-ILIRS- 
232-C PnterEace. The interface i s  pro- 
gramnnable and can be configured to 
""talk" to any connputer that rases the RS- 
232-C protocol. Adtho~agh data are stored 
in binary format in the cajct~lato~ the pro- 
gram transfers them in ASCII forn~at. 

DISCUSSION 

Auton~atic collection of serspelrded sed- 
iment sar~lples c;ua be improved by ~ising 
a prograrnmabls= calculator capable of con- 
trolling a plsnnping sa~mplel: This systern 
provides the flexibility to update program 
coe'iicients and perfcrrin data duanps in the 
field by persons with anini~nal training. 
Data Bogging occurs only when the stage 
hydrograph deviates from a linear trend. 
Data are rennoved from the calcuf~itor in 
the field by using a digital cassette re- 

corder. Records are tlaeel transferrecf (0 a 
compr~ter v ~ i t h o ~ ~ t  intermcdtate data re- 
duct io~~ or inanual entry. Relia"silty, LOVJ 
cost (less than $ IOW), and f exibilitgr make 
this sgislerml attractive f c ~  nnany types of en- 
viro~~men~tal siism~pling studies. 

Innp1exrrent;ition of rhis systern wi91 re- 
quire severid levels of kr-rowledge. A corm- 
purer programmer wo~lld be required to 
write progralns for renmoving data frormm the 
digital cassette and transkrring it to the 
computer. Intenface circuit berilding, mod- 
ification, and repair wotnad require a basic 
underst~ending of digital electronics. 

We are developing and testing a new 
sampling system that incol-porates the HP- 
7 1 B portable comptster (progrt-lnams-rmable in 
Basic with 17.5- to 33.54 of available 
memory). The interfi~ce hardware, devel- 
oped for the HP-41CX, is compatible band 
requires no nnodificzition b r  sirnilar sam- 
pling requirernents. 
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APPENDIX A-Componenh to Construct System APPENDIX B-System Software 

The corntnercial cotlnponents necessary to cotlstruct this sys- 
tem are manufactured by Hewlett-Packartf and include: 

HP-41 CV or HP-41 CX calculator 
IIIQ-IL Module (HP 82160A) 
Time Module (WP 82182A)-HP-41 CV only 
Extended I/O Module (HP 821838) 
HP-IL Converter (HP 8 2 1 6 6 ~ ) '  
Digital Cassette Drive (HP 821618) 
HP-IL/RS-232-C Iilterface (PIP 821648) 

Battery exchanges for the inten%ice circ~lit, uslrsg a 12-VDC, 
9.5 Ah gelled electrolyte battery, rilzd the calculator? using B .5- 
VDC, size N alkalirle batteries, are necesstary at about %week 
intervals, depending on te~~~perature, when using a 10-mintate 
w;&e-up interval. 

The ternperat~nre Iirnits for operating the calculator are 0 to 
45 "C. Temperatures below 0 "6: may affect prograrn execution, 
resulting in temporary system failure which requires the assist- 
ance of a field technician. The use of this systeln outside of the 
operating limits nlay require insulation, or in extre~sle conditions, 
heating or cooling. 

Information on circuit construction and program is available 
from the authors at Pacific Southwest Forest and Range Ex- 
periment Station, 1700 Bayview Drive, Arcata, California 
95521. 

LBL AL 

ENTER 
ENTER 
RCL I? 
2 

WCL 07 
INT 
+ 
HR 
HMS 
0 
X O Y  
"MA" 
XUZALM 
RTN 
LBL AT 

:ALARM 
:set a repealing non-iirterrupting 
;alarm that will execute the Main pmgraln 

;gee wakeup interval 

;make into repeat interval 

;place rt in the Z-reg 
:get number ol wakeup ~ntervals 5lnce tiuncated re\tari 

.calculate nrtiilher 111tniltc4 p:h1 the hot11 101 the 11141 

alat m 
,get tune of rc\tart 
;ir uncate ~t 
,star ting tlrne ol first alai zn 

;fix time if it's incorrect 
:start today 
:put irlto proper register 
:program to execute on alarnl 

: ATOD 
;read in value frc>m A to D and 
;leave in the X-reg 



CIU'TXi3 
INXB 
R'rN 
LBL Blr: 

TIME 
ST0 38 
1Fa-I- 
XEQ DE 
ST - 09 
RCI, 28 
ST0 07 
DATE 
ST0 08 
144 
ST0 I I 
-9 
ST0 12 
0 
S T 0  23 
S T 0  24 
STO 25 
S T 0  26 
30.17001 
STO 27 
CLA 
LBL 01 
ASTO IND 27 
ISG 27 
GTQ 01 
FIX 4 
RTN 
LBL CO 

TIME 
S T 0  07 
DATE 
S T 0  OR 
XEQ BE 
RCL 07 
XEQ \NA 
XEQ OR 
ST0 29 
K L  13 
1 
-t 

sro o ~ )  
XEQ AL 
0 
S'TO 21 
XEQ SS 
S T 0  10 
4 
OUTXB 
0 
OUTXR 
PWRDN 
OFF 
END 
LBL DE 

RCL 08 
DATE 

:aavc itmc 
;hours only 

,ttnnc 01 lu\t walieup alter a Ieslcir t 
:get time 
,\live as tlmc of t estaI 1 

.get today's date 
;\a\c a\ claie 0 1  re\tart 
.max numbc~ oi byte\ loi ~~urnpect \ample\ 
; uave 
;force logging ol next two clata point\ 
.wve hlse \rage 
.inittal~~e \eIcctecl var iab1e.i 
.~lurnber of ~ntervals since lafr logg~ng 
,\lope at la\? logg~ng 
;stage at last logging 
;nulnber samplea taken 

;blank memory: reg 30- 170 

;lop of loop 

;increment and skip if greater 
;bottom of loop 
;4 places to right of decimal point 

;COLD 
;initial prograrn run upon installation. 
;set up calculator environment and set alarni 

;DATE and TIME executed 
;in order to prevent 
;blow-ups during 
;a COLD start 

;get tinie of restart 

;save record 
;get number wakeup intervals since trrirlcated restart 

;increment 
;save as "rime of last waheup 

;save sediment concentration fix next wakeup 
;prcp;~e li)r the PWRDN command 

;turn off peripherals 
;put the calculator to sleep 

;DELTIME 
;calculate the number of wakeup 
;intervals since the truncated restart 
;on entry: X-reg = current time 

;get DATE of restart 
;get today's date 

WR 
x o " i  
WR 
- 

HMS 
S T 0  27 
IMT 
60 
i 

RCL 27 
FRC 
100 

i- 

HMS i- 
S T 0  27 
RCL 06 
MOD 
CF 09 
.03 
X< = V ?  
SF 09 
RCL 27 
RCL 06 

INT 
S T 0  13 
RTN 

LBL IN 

CLRLOOP 
64 
FINDAID 
SELECT 
CLA 

50 
XTOAR 
64 
XTOAR 
0 
XTOAR 
90 
XTdPaR 
ADROFF 
1 
LAD 
0 
DDL 
3 
OUTAN 
UNL 
ADRON 
XEQ AT 
2 
DEVL 
RTN 
LBL LO 

;convert to ~nlnutc\ 
;place ctarrent time b;tch in X-reg 
;get tlrile of restart 
;calcrtlate d~fierence between truncatccl tiilie of restatt 

anti 
;cianent exact ilnlre 

:convert to decimal hours 

;convert to decimal hours 
:pet difference 
;back to clock forin (hours, minutes, seconds) 
;save it 
;integer part is hoiirs 

;in miilutes 
;fraclional part is minutes 

:move decimal point 

;ininutes and seconds 
;total lninutes 
;save it 
;get number minutes in a wakeup interval 
;compute error (how far from wakeup interval are we) 
;clear 'badtme' flag 
;allowed error is 3 seconds - 
;is error < = 3 seconds 
;yes! set 'badtime' Aag 
;get difference in time 
;get wakeup interval 
;calculate number of wakeup intervals 
;whole intervals only 
;save 
;X-reg contains number of wakeup 

;intervals since last restart 
;INIT 

;perform converter set up 
;clear devices on loop 

;get converter ID 
:make primary device 
;load alpha register with ASCII values for converter 

setup 

;turn off auto addressing 

;make converter a listener 
:ready for co~~trol  register setup 

;set register 
;unlisten converter 
;auto addressing back on 

;clear transfer buffer 

;LOGIDAT 
;determine if we should log a data point 



I 

RCL 05 

INT 
X>U? 
RTN 
144 

RCL 13 
RCL 23 
- 

ST0 28 
X>Y? 
CTO 01 
FS? C 08 
GTO 01 
RCL 25 
RCL 28 
RCL 24 

+ 
RCL 12 
- 

ABS 
RCL 03 
X>Y? 

RTN 
LBL 01 
RCL 12 
11 

XEQ ST 
RCL 28 
11 

XEQ ST 
RCL 12 
RCL 25 
- 

E L  28 

ST0 24 
RCL 12 
ST0 25 
RCL 13 
ST0 23 

RTN 
LBL LR 

XEQ WA 
XEQ OR 
STO 28 
END 
LBL MA 

TIME 
ST0 28 
XEQ VVA 
FS? 09 
GTO 01 
XEQ PU 
XEQ LO 
LBL 01 

;get nurnber bytes stored so far 

;get maxirnum register nuriiber we can store in 

;rnC&e nuniber bytes into a register number 
;is mernory full 
;yes! return 
;put max number i~ltervals allowed between loggings in 

X-reg 
;get number wakeup intervals since trunc restart 
;get rlurnber wakeup intervals since last logged point 
;compute difference 
;save 
;exceeded nurnber allowed intervals 
;yes! force a logging 
;no! has a purnped sample been taken 
;yes! force a logging 
;get stage at last logging 
;get number wakeup intervals since last logging 
;get slope at last logging 

;calculate a predicted value for current stage 
;get actual current stage 
;compute difference 
;absolute value 
;get allowed tolerance 
;is difference between predicted and actual less than 

allowed 
;tolerance 

;yes! return 
;no! log a point 
;get current stage 
;register nuniber containing number of bytes stored so 

far 

;get number of wakeup intervals since last logging 
;register number containing number of bytes stored so 

far 

;get current stage 
;get stage at last logging 
;compute difference 
;get number wakeup intervals since last logging 
;calculate slope between this stage and previous 
;save slope 
;get current stage 
;save as old stage 
;get number wakeup intervals since trunc restart 
;save as number intervals at last logging since trunc 

restart 

;LASTREC 
;make a calculator interpolating record 
;execute during a data durnp 

;MAIN 
;main program-executed each wakeup 

;is 'Badtime' flag set 
;yes! This is not a routine wakeup 

4 
OUTXB 
0 
OUTXB 
PWRDN 
OFF 
END 
LBL OR 

CF 29 
TIME 
100 
i 

INT 
ST0 27 
CLA 
ARCL 27 
LBL 0 i 
ATOXR 
46 
X =  Y? 
GTO 02 
GTO 01 
LBL 02 
ALENGIO 
4 
X =  Y ?  
GTO 03 
48 
XTOAL 
LBL 03 
ASTO 27 
CLA 
RCL 12 
XEQ TO 
100 
I 

ARCL X 
LBL 04 
ATOXR 
46 
X = Y ?  
GTO 05 
GTO 04 
LBL 05 
ALENGIO 
3 
X=Y? 
GTO 06 
48 
XTOAL 
LBL 06 
49 
XTOAL 
A K L  27 
AWUMDEL 
SF 29 
RTN 
LBL PU 

XEQ TS 
ST+ 22 
RCL 04 
RCL 22 
X< = Y? 

;prepare fix PWRDN command 

;power down per~pherals 
;put calculator to sleep 

,OBSREC 
,mahe a calculator intcrpolatron record 
;lormat is SSSHHMM where SSS is stage In feet 
,and HI--IMM 1s tlrne 

,no cornrnaj 111 drsplay 
.get current trme 

:convert time into 2400 hour integer form 
:save 

:recall time into alpha registel 

;get rightniost char In alpha register 

:IS it a perrocl 
;yes! 
;no!-go back and keep loohrng 

;length of string in alpha register 

;IS ~t 4 characten 
;yes1 
;no!-~risert a 0 in front of string . 

;save string in alpha register 

;get stage 
;convert to meters 

;shift decirnal point 
;move contents of X-reg into alpha register 

;get rightmost character in alpha register 

;is it a period 
;yes! 
;no!-keep looking 

;get length of string in alpha registe~ 

;is it 3 characters 
;yes! 
;no!-place a 0 in front of' string 

;place a 1 in front of string 

;get time and append to string in alpha register 
;move alpha string into X-reg 
;turn commas on 

;PUMP 
;determine if a pumped sample should 
;be taken and do so 

;sum sediment 
;get threshold sediment value 
;get accumulated sediment value 
;is accum. sed. value less than or equal to threshold 



GTC> 02 
RCL 04 
ST- 22 

RTN 
LBL 01 
O 
OUTXB 
2 
OUTXR 
PSE 
0 
OUTXB 
GTO 03 
LBL 02 
0 
OUTXB 
8 
OUTXB 
PSE 
0 
OUTXB 
LBL 03 
RCL 04 
ST- 22 

RCL 12 
26 

XEQ ST 
RCL 13 
256 
MOD 
26 

XEQ ST 
RCL 13 
256 

INT 
256 
XEQ ST 
SF 08 

XEQ LO 
RTN 
LBL RE 

XEQ BE 
SF 25 
PWRUP 
XEQ IN 
XEQ AT 
X = O'? 
1 
S T 0  12 

value 
,yest No \ample yet 
.no-~nax ~ I I ' I ~ ~ I  \iimpk\ 11'1 \;i~npler A 
.gee numben \ai-nples taken 
.nurnbcl \'inlplc\ rilken less than n~lillber samples held 

by \san3pler '4 
,~e\l-pnrnp i ~ o n r  17un~ing \ ; I I ~ I ~ I C I  A 
.Mar number i,ii;~ples to be taken ~n \amplei B 
.swap X itrtd ';P 

,n~lrnber \cii~~ple'> [&en less than numhci \ample\ lieid 
by both 
.iampler s 

.ye\'-pump irom pumping \amplei B 
,no bottle\ left-get th~e\hold value 
.\ubt~;rct threshold value from accumulated value and 

4ave 

;fire pumping sampler A 

;set d;tt;i line high 
;hold high for a moillent 

;fire pumping sampler B 

;set data line high 
;hold high for a rriornent 

;get threshold sed value 
;subtract threshold sed value fro111 accumulated value 

and save 
;get current stage 
;register number containing number purnped saniples 

taken so far 

;get number wakeup intervals since trunc restart 

;(number intervals since trunc restart) modulo 256 
;reg. niirllber containing number pumped saniples taken 

so far 

;get number wakeup intervals 

;INT (number wakeup intervalsl256) 

;set flag indicating pumped saniple was taken 
;(will force logging of data point) 

;RESTART 
;restart prograrn-performed after every data du~np  
:resets calculator environment 

;ignore errors 
;turn oil external circuitry 

;can not have 0 stage 

:save stage 

XEQ OR 
ST0 29 
4 
OUTXB 
0 
OUTXB 
PWRDN 
OFF 
END 
LBE SS 

K L  12 
XEQ TO 
RCL 16 
- 

X>0? 
GTO 0 1 
O 
RTN 
LBL 01 
RCL 15 
mx 
RCL 14 

L. 

ENTER 
ENTER 

RCL 19 
X>0? 
GTO 02 
0 
RTN 
LBL 02 
RCL 18 
YAX 
RCL 17 
i: 

k 

######### 
1: 

RTN 
LBL ST 

S T 0  27 
RDW 
RCL IND 27 
6 

INT 
30 
-I- 

1 
ST -I- IND 27 
RDN 
S T 0  27 
RDN 
CLA 
ARCL IND 27 
XTOAR 
ASTO IND 27 
RTN 
LBL TO 

:save record 
;set up h r  power down 

;turn off external circuitry 
:turn off calculator 

;SSQ 
;cotupuie sedirrleiil concentration 
;Q = AQ - KQ):!::kBQ 

0 

;get current siage 
;convert to meters 
;get K Q  

;is stage-KQ > 0 
;yes! 
:no! return 0 for concentration 

;get BQ 
;form (stage - I(Q)'"'"BQ 
;get AQ 
;= Q 

;place in Z - reg 
;C = AC*(Q - KC):k"BC 

;get KC 
;is Q - KC > 0 
;yes! 
;no! return 0 for concentration 

;get BC 
;for111 ( Q - KC):@'%C 
;get AC 
; = C  
; = Q C  
;constant to adjust units 

;Q"C in X -reg 
;STORE 

;store 1 byte in data array 
;on entry 
;X -reg = register number containing address 
;to store into 

;save register number 
;rotate registers 
;gel contents of register nurnber 
;number of bytes per register 

;discard fractional part 
;FIRSTREG-offset into array 
;register number into which we store 

;increment count 
;rotate registers 
;register to store into 
;rotate registers thus move data into X-reg 

;get existing string 
;append character to ALPI-iA register 
;put it back 

;TOMETER 
;convert stage from A to D units to meters 
;on entry: X - reg = STAGE 



RCL 21 

RCL 20 
-t 
RTN 
LBL TS 

XEQ SS 
RCL 10 
X O V  
ST0 10 
3- 

2 

RTN 
LBL WA 

SF 25 
PWRUP 
XEQ DE 
XEQ IN 
XEQ AT 
X = O? 
1 
S T 0  12 
RTM 

;get slope 
;tnnltipl}~ by stage 
;get U intercept 

:stage (meters) = A i- B "stage (A to I)) 
;TSED 

iconipute total accumulated sediment since last 
sample was taken 
;we use the trape~oidal method 
;result In X - reg 

:get current corlcentratton 
;get sediment concerdratiofl at last wakeup 

:save current sediment concentration 

;take the mean of thc two conce~itratlon\ 
:get number wnkeup tntcrvals s~nce trunc restart at last 

wakeup 
;get number wakeiip ~ntervals stnce trunc restart 

currently 
nuntber wakup  ~nlervals now fog next timc 

;swap X and V regi4ters 
;compute nunlber 111tervals unce now and last tvakeup 

(~tsually I ) 
:multtply ~nterval dtfference by conceniratlon mean 
;get nunlber m~nutes in a wakeup interval 

;to obtain CMS 
;leave value in X - reg 
;VVThKEUP 

;perform power LIP initializations 
;for external circuitry 
:on entry: X -reg contains titne 

:ignore PWRUP error 
;turn on peripherals 

;initialize circuit 
;read A to D 

;can not have 0 stage 
;save stage 

REGISTERS 

progxiin revision nurnber 
observer record 
observer record 
allowed error in stage prediction 
threshold volume of sectirnent discharge 
relative number of last useable data register 
TIME interval (in minutes) to elapse between walteups 
TIME of restart 
DATE of restart 
numbers of wakeup intervals since truncateti restart at last wakeup 
sediment discharge rate at last wakeup 
nu~nber of logged darn points so far ( x 2) 
current stage 
number of wakeup i~ltervals between trunciited restart and this wakeup 
discharge raring equation coefficie~it 
discharge rating equation coefficient 
discharge rating equation coefficient 
concentration niting equation coefficient 
concentration rating ecluation coefficient 
concentration rating equation coefficient 
conversion to meters coefficient 
cotlversion to ~neters coefficient 
accumulated sedinient discharge 
number of wakeup intervals since truncated restart and last logging 
slope of hydrograph at last logging 
stage at last logging 
 lumber of pumped sarnpies taken so far ( x 3) 
scratch register 
scratch register 
initial calculator recorcl 
pumped sample data 
logged data 
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