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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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INTRODUCTION 

Since i t s beginning in 1952, the Lawrence Livermore National Laboratory 
(LLNL), has supported an environmental surveil lance program to determine i t s 
impact, i f any, on the local environment. LLNL, located in the c i t y of 
Liverrnore which i s 65 km east of San Francisco, is involved in widely varied 
research and development programs f o r the U.S. Department of Energy (DOE). 
The main e f f o r t s are in nuclear and nonnuclear weapons, magnetic and laser 
fusion energy, biomedical research, and nonnuclear energy technologies, such 
as geothermal power and f o s s i l - f u e l u t i l i z a t i o n . These programs and t h e i r 
support groups generate waste products that could have a negative impact on 
the environment i f improperly managed. 

LLNL's sanitary sewer system i s a possible route f o r the escape of tox ic 
materials. Liquid eff luents are released to Livermore's sanitary sewer system 
and the e f f luent , is treated at the Livermore Water Reclamation Plant (LWRP). 
The plant i s a secondary-treatment operation that returns most of the water to 
the San Francisco Bay via a t ransport p ipel ine. The remaining port ion is used 
f c r i r r i g a t i n g vegetation.along the roadways and a local golf course. 

Small samples of the e f f luent stream are taken at regular in terva ls to 
give us a composite sample of a l l the l iqu id e f f luent that leaves the LLNL. 
These resul ts provide a record of the ef f luent by which LLNL is assured of 
compliance wi th local regulat ions. 

The sewer-monitoring system was designed and constructed to detect 
toxic-mater ial releases and to f a c i l i t a t e immediate response to such 
releases. This i s necessary in preventing damage to the LWRP and regions 
receiving discharged e f f luen t . I f tox ic materials are detected at levels tha t 
exceed predetermined LLNL alarm l i m i t s , signals are sent to a central alarm 
stat ion that i s manned 24 hours a day and a sample of the suspect tox ic 
e f f luent i s automatically co l lec ted . . Since at least four hours pass before 
LLNL ef f luent reaches the treatment p lant , su f f i c ien t time is available t o 
a le r t emergency personnel, evaluate the s i tua t ion , and, i f necessary, arrange 
fo r diversion of the material to emergency holding basins at the treatment 
p lant . The tox ic waste can be treated in the basins or removed without 
destroying or reducing the e f f i c iency of the treatment p lant . 

An automatic on- l ine , sewage-effluent-monitoring system has been developed 
that d iver ts a representative f rac t i on of the to ta l waste stream leaving the 
s i t e . This por t ion i s monitored f o r pH, rad ia t ion , and heavy metals as i t 
passes through a detection assembly. The assembly consists of an indus t r ia l 
pH probe, two Nal radiat ion detectors, and an x-ray fluorescence metal 
detector. A microprocessor co l l e c t s , reduces, and analyzes the data t o 
determine i f the levels are acceptable by established environmental l i m i t s . 
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MONITORING SYSTEM COMPONENTS 

The on-l ine monitoring system consists of several components. The f low 
route to these components star ts at a point in a manhole where a l l LLNL 
sewage-discharge l ines converge. As the sewage flows through a Parshall 
flow-measuring f lume, approximately 40 l i te rs /minute of the sewage i s pumped 
to an aboveground bui ld ing where the detect ion instrumentation i s located. 
Inside th is bu i ld ing , the sample enters a tank housing the high- and 
low-energy radiat ion detectors, pH probe, and a sample l i ne leading to the 
metal analyzer u n i t . Af ter i t is scanned, the sample i s returned to the sewer 
via an out let pipe. 

RADIATION DETECTORS 

Radioisotopes being used at LLNL tha t could be released in Quantities 
exceeding regulatory guide levels .are 9 0 S r , 2 3 = U , 2 3 8 U , 2 3 7 N p , 
" T H i , . Z 3 ^ u J c ) n Am, **Xm, and 3 H . A l l of these, wi th the 
exception of 9 Sr and 3 H & emit heavy element x-rays and low-energy gamma 
rays during decay. For 9 0 5 r , low-energy bremsstrahlung photons give an 
indicat ion of speci f ic a c t i v i t y . Cate and Hoeger (1) designed a radiat ion 
detection system wi th the primary detector, a 3 x 127 mm Nal crysta l separated 
from the sample by a th in polycarbonate p last ic sheet. This allows 
recognit ion of the low-energy x rays, gamma rays, and bremsstrahlung photons 
in the range of 10 to 100 keV. In add i t ion , a 50 x 50 mm Nal crysta l detector 
i s mounted immediately adjacent to the sample tank to provide detection of 
high-energy (100-1000 keV) events. The low-energy beta par t i c les emitted from 
t r i t i u m w i l l not be detected by t h i s system. A separate t r i t i u m detection 
un i t is being developed. 

This system gives us a minimum detectable ac t i v i t y i n a 10-minute count 
time (95% confidence leve l l of 1.6 x 10" 6 uCi/ml or 0.016 of the 
concentration guide f o r Q f?Pu, and 3 x 10"° yCi/ml or 0.3 of the 
concentration guide f o r S r 9 0 (17-minute count at 95% confidence leve l ) . The 
concentration guides are l im i ts of continuous release fo r a 40-hour work 
week. These are found in DOE Order 5480.1 (2 ) . 

The electronics associated with the detectors includes single-channel 
analyzers and a D ig i t a l Equipment Corporation LSI-11 microprocessor which 
compares the data to preset alarm leve ls . The count rates are checked every 
minute. I f the current rate i s greater than the alarm leve ls , the count rate 
over the past 60 minutes i s averaged. I f t h i s average exceeds the preset 
l eve l s , an alarm i s sent. This i s a way of monitoring f o r low-level 
continuous releases. 

pH MONITOR 

There are many locations in LLNL where acid and basic solut ions are used 
rout ine ly . An accidental release of extreme pH levels could damage the LWRP. 
Therefore, the pH i s monitored continuously by a commercial indust r ia l pH 
probe housed in the tank holding the rad ia t ion detectors. Output from the 
probe is recorded on a seven-day c i r cu la r chart and i s sent t o the,DEC LSI-11 
microprocessor to be evaluated. The average pH level i s checked every 
minute. I f the high or low level i s exceeded, the pH from the previous 30 
minutes is averaged. The low and high pH l im i t s have been set taking into 
account pH and length of time of release. 



METAL DETECTOR 

The deleter ious ef fects of excess concentrations of heavy metals on the 
necessary bacter ia population in the sewage treatment plant prompted a search 
f o r a continuous metal-detection system that would prevent the recurrence of 
plant down-time caused by a metal release to the sewer. Available commercial 
uni ts were not sui table fo r sewaoe analysis. Cate, Matthews and Rueppel then 
designed a monitoring uni t capable of detecting hazardous concentrations o f 
ions found to be most harmful to the bacteria in the treatment plant process, 
spec i f ica l ly copper, n icke l , chrome and zinc (3) . The system is f a i r l y 
reasonable in cos t , works on- l ine and in real t ime, does not require extensive 
pretreatment of the sample, and requires minimal maintenance. 

The metal detection uni t i s an x-ray fluorescence analyzer (XRFA). I t s 
design is based on the pr inc ip le that elements emit character is t ic x-ray l ines 
when excited by a radiat ion source. These x-ray l ines can be measured by 
energy-dispersion techniques to determine the i r energy, which permits species 
i den t i f i ca t i on , while the in tens i t y of the l ines i s proportional to 
concentration. 

A port ion of the sample stream that flows through the tank is routed 
through a grinder to reduce any sol ids to par t ic les 100 microns or less i n 
diameter. The f low is then introduced through a nozzle in to a flume inc l ined 
at a 45° angle. The flow spreads t o a sheet 1 mm in depth before i t reaches 
the source/detector region of the u n i t . A th in p las t i c window backed by a i r 
i s positioned under the stream i n t h i s region to prevent detection of the 
chrome and nickel in the stainless steel flume. A 'O'Cd source is used t o 
exci te the elements of interest i f they are present in the stream, and a 
commercial xenon-CO? mixture x-ray proportional counter is the detector 
used. The output from the detector goes to ampl i f ie rs , then through an 
analog-to-d ig i ta l converter interfaced to a DEC LSI-11 microprocessor. 

A dual - regis ter system fo r the data output allows both rapid response to 
a high metal concentration (500-3600 sec count) and more sensit ive response to 
low concentrations released over a longer time frame (5000-36,000 sec 
accumulated count ) . The longer count length i s used as the ac t i v i t y of the 
'" 'Cd source decays. The data counting system also provides for advisories 
at concentration* that are elevated, but not at alarm levels . 

Maximum permissible discharge concentrations f o r copper, chrome, n i c k e l , 
and zinc have been established at LLNL based on studies of the effects of 
toxic metals on sewage treatment and the d i l u t i on factors resul t ing from the 
intermixing of LLNL's ef f luent wi th the domestic sewage from Livermore. These 
concentrations, as well as the short and long count time alarm l im i ts f o r the 
elements of concern, are shown in Table 1 . 

GRAB SAMPLER 

The i d e n t i f i c a t i o n and concentration of the tox ic material i s needed to 
evaluate an alarm s i tua t ion . An automatic grab sampler extracts a sample from 
the waste stream as soon as the alarm is t r ipped. This mechanism can also be 
activated manually. 



TABLE 1. LLNL Maximum Permissible Metal Discharge Limits 
and XRFA Alarm Limits 

LLNL Limit XRFA alarm limit ppm)( a) t ppm)' 
Long 

Cr 100 
Cu 10 
Zn 50 
Ni 10 
Hg --
As — Pb — 

Combined metal 100 

Single Metal (ppm) Short Count Long Count 

107 50 
17 10 
50 50 
23 10 
16 10 
10 10 
12 4 

(a) Count times vary from 500 - 3600 second (short) and 5,000 - 36,000 
second ( long) , depending on the source strength. 

SYSTEM MONITOR 

Since the operation of the whole monitoring system depends on the 
pumping of a continuous flow through the instrument tank, we insta l led a 
sensi t ive d i f f e r e n t i a l pressure switch on the tank. Changes i n pressure drop 
across the system indicate changes in f low rate and w i l l t r i gger an alarm. Other 
problems such as a count rate lower than background and power fa i lu res w i l l also 
send an alarm signal t o the central alarm s ta t ion . 

CONCLUSIONS 

The on- l ine sewer monitoring system cannot in i t s e l f prevent the 
accidental discharge of toxic materials in to sewers. However, by rap id ly 
detect ing releases and sounding alarms to a le r t emergency personnel to respond, 
actions can be taken to prevent damage to the environment. Because i t i s a 
real- t ime system, LLNL personnel can more easi ly locate the source of a tox ic 
discharge and take correct ive action to prevent i t s recurrence. 

REFERENCES 

(1) Cate, J r . , 0. L . , and T. 0. Hoeger. 1972. "A Radioisotope Monitoring System 
fo r Sewage E f f l uen t . " Amer. Indust. Hygiene October 1972: 693-699. 

(2) U.S. Department of Energy Order 5480.1 Standards f o r Radiation Protect ion. 

(3) Cate, J r . , J . L . , M. A. Matthews and D. R. Rueppel "A Prototype On-l ine 
X-Ray Fluoresence Analyzer f o r Detection of Metals in Sewage", Proceedings 
of the 34th Indus t r ia l waste Conf., Purdue Univ. 1979. Ann Arbor Science. 


