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· Hecla Mining Company 

Mr. Grover Nicholson 
North Carolina Division of Health Services 
P.O. Box 209.1 
Raleigh, North Carolina 27602 

Dear Mr. Nicholson: 

Re: Tungsten Queen Property 
Hecla Mining Company 

Reference 1 

February 26, 1985 

As you previously requested by phone, I am transmitting to you the only 
analytical data in our possession on the Tungsten Queen tailings ponds. We 
have also included a short summary on the history of the mine and a process 
flow diagram. 

Because of the sensitive nature of· the ore reserve estimates in the 
Meyertons report, Hecla Mining Company formally requests that this report be 
classified as proprietary and confidential. 

If you should decide to conduct water sampling of the area, please 
contact me at 208-752-1251 so that I may arrange to accompany you and.collect 
samples for our own analysis. Also, if you should have any further questions 
on the property, please give me a call. 

CDK/jr · 
Enclosure 

Sincerely, 

~~.1~ 
Environmental Supervisor 

P.O. Box 320, Wallace. Idaho 83873 • (208) 752·1251 • TELEX 326476 
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HISTORY 

·The Tungsten Queen Mine 

The Tungsten Queen Mine is located at Tungsten, N.C., 16 miles north~est of 
Henderson, N.C. and 2.miles south Qf the Virginia state line. The ore occurs 
in a near vertfcai ~ein varying in width from a few inches to several feet. 
Huebnerite is the principal tungsten mineral and is accompanied by a minor 
amount of scheelite. Pyrite is the predominate metallic mineral found in the 
quartz veins and is accompanied by lesser amounts of chalcopyrite, . galena, 
sphalerite, and tetrahedrite. 

The property was discovered by Joseph and Richard Hamme in May 1942, ~hile 

searching for strategic minerals for use in World War II. They ~orked the 
vein until 1944, then sold the property to Haile Mines, Inc. The mine was 
brought into production at a time when the u.s. ~as consuming twice as much 
tungsten as· it was produ~ing. The deposit was regarded as a unique national 

~ 

resource, and soon became the largest producer of tungsten in the country. 

The mine reopened in May 1960, but closed again in 1963, ~hen prices failed to 
improve. 

An economic s_;udy of tungsten. was conducted by. Ranchers in 1966 ~hich 
confirmed that . the demand for tungsten ~as increasing. The Company's 
geologists immediately began a systematic search of existing tungsten 
deposits. The end result of this search was that, in 1968, Ranchers acquired 
an option to purcha~e the Hamme Mine, the most promising prospect encountered 
during this search. 

The property was dewatered and ore reserves were evaluated. The results were 
reassuring, and in December the property ~as purchased and renamed the 
Tungsten Queen. Some· 13 months later,. after a period of intense activity 
~hich included repair and deepening of the main· shaft, rehabilitation of 
existing drifts, and completion of ·engineering and metallurgical studies, 
ground was broken January 1970 for a new processing mill which was completed 
in August 1970. 

By late October of 1970, the mill was in production. A very elementary 
process flowsheet for the mill is attached. Process flow problems coupled 
with falling tungsten prices forced the closure of the mill in August of 1971. 
Some of the alternatives examined after the. shutdown included suggestions to 
modify the existing milling circuit to make it more efficient, and the. 
possibility of reprocessing the previously deposited tailings. Although~: 
studies were done to examine both of these possibilities, nothing further than 
the initial studies were done. 

The study, aimed at reprocessing the -tailings, found the overall ~eight 
averaged tailings grade to be approximately 0. 2% wo3• Previous work done on 
the tailings indicated the overall average tailings grade to be on the order 
of 0.17. wo

3
• A semi-quantitative analysis was performed on one.of the higher 

grade tail1ngs samples. The results of this analysis is attached. The amount 
of i::..pounded tailings reported by this study ~as 2,038,000 tons. 
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DrrRODUCTION AND SUMMARY 

Ranchers Exploration and Developement Corporation requested 

a preliminar,r investigation of the the tungsten content of the Tungsten Queen 

Tailing pond. •. 

Thirteen pits were excavated in the pond using a backhoe. Samples . 

were taken.from each pit for size and chemical analyses. A topographic map 

prepared by Aero Services Corporation for Ranchers in 1969 was used to 

estimate volume of material present. The. pond is estimated to contain 

2,038,000 tons of material averaging 0.218 % wo
3 

for.a total content of 

445,600 STU wo
3

• This is classed as a probable reserve rather than 
11proven" or "possible" reserve. 

The tungsten· is concentrated in th~ fine sands and slimes~ with 

lessor concentrations in the coapse sands lying immediately below the 

·fo~er Tungsten Mining Corporation mill. A summary of the ttingsten 

distribution is presented in table 1. 

TABLE 1 

ZONE 

D~IBUTION ~~ TUNGSTEN IN TUNGSTEN QUEEN TAILING 

QUANriTY ·:.. SIZE ANALYSES TUNGSTEN ANALYSES 

TONS % -4oo mesh 

1 ::·· ..... ·.:: 80,000 4 

6 

.45 

80 

•-5 

0.239. 
o.o88 
0.251 
0.410 

0.176 

0.218 

.... .. 
2 

. 600,000 .. .. 
~00,000 3 

4 383,000 

5 ., 375,000 .... 
TOl'AL 2,038,000. 

CONTENT 

STU wo
3 

19,100 
52,900 

150,600 
-157,000 

66,000 
445,600 

The pits ranged from five to eight feet deep, and did nowhere 

reach to the bottom of the sand. Pbnd material appears to ~e about thirty 

feet deep over most o~ the pond, increasing to forty feet in narrow zone 

under the 19?0 tailing dam. 

The data indicates that the value of the' tungsten in the tailing 

is contingent upon developement of a process to recover minus 40o mesh 

size hubneri te ·and i~separa te it from sericite & muscovite • 

1 
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SAMPLING PROCEDURES 

Pits were excavated in the tailing pond material with a 

backhoe. Depth of the hoies raqged from five to eight feet depth. The holes 

dug in sand filled rapidly with water and the sides collapsed as the hole 

was excavated. Water table ranged from one to .two feet. Pits in fine sand 

and slime did not backfill or collapse since the fine material has a very 

~w~pe~ability. S1ime holes remained open for days. 

Material excavated !rom the pits was piled adjacent to each 

hole. Sands were sampled with an auger, taking about 15 auger samples per 

pit. Slimes were sampled by cutting a vertical channel in each side of 

the pit. Each sample contail::ied about ten pounds of material. 

Individual samples were dried, lumps broken by passing through a 

fiddle and cut down with a Jones splitter. About 150 grams of each was 

sent for analyses to Hazen Research Inc. The analytical laboratory pulverized 

each sample to minus 200 mesh with a Blueler mill prior to analyses. The 

thiocyanate colorimet~c method was used to make the tungsten determination • 
... 

TONNAGE FACTOR 

The in place density of slime zone material was measured by 
. . 

a. _liqUid displacement P:,cedure on solid pieces. of slime. A factor of 

23.5~~u~c feet per ton was obtained. A factor of 20 cubic feet per ton .. 
was .. assumed for sands. .. . 

.. 
...... 

2 
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TUNGSTEN CONTENT OF THE TAILING POND 

· An estimate of the tungsten content of the tailing pond was 

prepared from analyses of thirteen pit samples and volume data indicated 

on the Aero Services Corporation. map, a portion of which is shown as 

figure 1. The map indicates elevation at a number of locations on the 

surface of the sands as well as the approximate location of the former 

275 foot contour. under the pond material. 

The analytical data was grouped to represent four zones of 

different size and composition. Zone 1, represented by pit 13, contains 

coarse sand relativly rich in tungsten at the base of the former Tungsten 

Mining Corporation .mill.. Zone 2, 'With seven pits, contains coarse sand 

carrying one to two pounds tungstic oxide per ton. It is located below 

the dam. built "in 19'70 t~ impound tailing from the Ranchers• mill. Zone 3, 
with···two pits, represents fine sand containing about five ·pounds tungstic 

oxi.d~ per ton. Zone ·4, with three pits, represents .the slime zone. The 

slimes carr:r seven to nine pounds tungstic oxide per ton. A fifth zone 

was defined. a~s · that material under w~ter. impounded by the 1970 dam. 

Analyses of~ t~s zone w~~·· eastimated from pits 1 and 13. 

~Uata and calculations used to estimate tungsten content of 

each zone are shown in table 2. Location of the sample pits is indicated 

by th'e···~~b~red circles on the topographic map. 
HINERALOOf':~.:: 

.;· Coarse sa.ilds are composed mainly of quartz, with less than .. . 
ten percent sericit~ and·heav.r min~rals. Tungsten minerals are present . . 
as locked middling grains. 

. ... . 
~·Fine sands and slimes are predominantly sericite and micas. 

Wood fiber constitutes .one to three percent or the slime. Tungsten minerals, 

pyrite and other heav.r minerals appear to be completly liberated. 

CORRELATION OF TUNGSTEN ANALYSES WITH SIZE 

The graph illustrating the relationship of tungsten analyses to 

minus 4oo mesh size, figUre 2, indicates that tungsten content is related to 

slime content of an ipdividual sample. This is not true of zone l, where 

ciddlings predo~ina~e. Size data are presented in table 3. Chemical 

analyses by Hazen ~esearch and X Ray analyses by Fluo X Spec laborator:r 

are appended. 

3 
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Material: 

. . "f:.~ 

Average Analyses 

Area or Zone, rt2 

Estimated depth, ft 

Volume, rt3 

Tonnage Factor, rt3/t 

Quantity, tons 

Tungsten Content, STU 

TABLE 2 

TUNGSTEN QUEEN TAILING POND 

ESTIMATION OF P.ROBABLE TUNGSTEN RESERVE 
0 00 

.ZONE 1 ZONE 2 .. 1 \ 0 

ZONE · 3 ° zorm: .. 4 
Coarse Sand ~ C~arse ~oa.hd 

0 

·line Sand Slime 

PIT % w~3 ' PIT. it~o3·· 
0

• 

0 PiT % \m
3 

PIT % wo
3 

13 0.239 

0.239 

160,000 

10 

1, 600,000., 

20 

8o,oooo"" 
19,100 / 

1 0.114 
2 0 0~088 
3 0.065 
4 0.099 
5 0.112 

11 0.069 
12 0.070 . 

o.o88( 
400,000. 

30 
12,000,000 .I 

20 

6oo,ooo' 
-52,900 ./ 

.6 . 0.249 
7 0.253 

·~·: 0 .. 

o.251 / 
400,000 

. 30 

12,000,000/ 

20 

600,000, 

150,600 ..;' 

8 
09 

10 

0.410 ./ 

300,000 

30 

9,000,000· / 
0 23-5 

383,000 -' 

157,000 " 

-·- -·- .. 0, 

ZONE 5 
Coarse Sand 

PIT % wo
3 

1 
13 

0.114 
0.239 

v .0 
0.176~ 

250,000 

30 
7,500,000 -

20 

375,000' 

66,000-

0.?.18 7 --

( 
!" 

'0 

2,038,000 r 

,. .. 
445, 600 -- ci 

(ij 

z 
j 
.:Y 

r 



- - -· - - - - - - - - -.- - -.- - ~\ ... 
TABLE 3 

TUNGSTEN QUEEN TAILING Porro· . 
. . 

TUNGSTEN AND SIZE : ANALYSES~ PIT SAMPLEs . 
. . ,PERC~, . WEIGHT 

l: .. 
PIT ANALYSES MESH 10 14. 20 ~8 .. . 35'. -48 65 100 200 270 400 -400 

~03 
. \ . 

' ··.: ... 

1 0.114 Inc rem 0.3 2.7 8.1 10.9 12.4 16,2 .15.6 13.2 13 • .5 1.9 1.7 ).4 
Cumu1. 3.0 11.1 22~0 34.4 50.6 66.2 79.4 93.0 ·94.9 96.6 100.0 .... .... 

2 0.088 ·· Incrcm p.6 3.6 9.6 19.1. 13.8 . 15.5 13.8 16.6 2.0 1.9 ).4 
Cumu1. li.2 . 13.8 )2.9 .~46.7 62.) 76.1 92.7 94~7. 96.6 100.0 .. 

3 0.065 Inc rem · o.6· 3·7 7-9 9-2 :8!1 12.2 14.1 15.1 20.2 2.8 2.6 3.5 ' 
.. 

Cumu1. ·.4.3 12.2 21.4 29.~ 41.8 . 55-9 71.1 91.1 94.0 96.5 100.0 .. . . 
•. s 0.099 Inc rem 11.8 5.2 8.3 13.7 38.9 8.2 7-2 6.6 

Cumu1. 17.0. 25.3 39.0 77-9 86.1 93.4 100.0 
(' 

5 0.122 Inc rem . 2.7 -1.3 . 3-1 8.7 40.1 11.6 14 1 18.) ~.{ 

Cumu1. 4.1 7-2 15.9 56.0 6?.6 81.7 100.0 

6 0.249 Inc rem 0.2 0.2 0.6 2.9 24.) 10.4' 19.5 42.0 ' 
0.4 3.8 28.2 38.5 58.0 

::-·· 

-Cumu1. 1.0 100.0 :.. .. 

. . 
7. 0.253 Inc rem 0.1 0.,5 17.0 12.8 21.1 45.5 

Cumu1. 0.6 17.6 30.4 54.5 100,0 

\ 
8 0.389 Inc rem 0.1 0.1 0.1 0.1 4.5 5.4 20.6 69.1 

Cumu1. 0.2 0.3 0.4 4.9 10.3 30-9 100.0 

2.6 80.6 
; ' 

~ 0.388 Inc rem 0.1 0.1 0 .. 2. 2.9 13.5 
Cumu1. 0.2 0.4 3.0 5·9 19.4 100.0 

10 0.453 Increm 0.1 0.1 1.4 1.8 9.6 8?.0 
Cumu1. 0.2 1.6 3.4 13.0 100.0 

11 0.061 Inc rem 0.1 4 .• 2 5.2 9.1 9.2 7-1 13.2 15.5 . 24.2 3.6 3.6 4.0 
Cumul 4.3 9·5 18.6 2?.8 34.9 48.1 63.5 88.7 92.3 96.0 100.0 



' -------------
~' 
PIT 

12 

13 

ANALYSES 
% wo3 

0.070 
.•.. oo. 

0 0.239 

MESH 10 

Inc rem 0.6 3.8 
Cumu1 • 4.4 

•

0 

Increm p.6 3.3 
Cwn~1. 3·9 

. TABLE 3 Continued 
. .. 

20 0 •o. 28'·.~ \ 0 35 48 
., 0 0 1· 

·. ".:·. .. . 
oO • .. ·. 

8.1 9-5 ° 9.2 12.7 
12.6 22 .• 1 '31.2 43.9 

7·7 11.3 12.5 16.2 
. 11.7 23.0° 35·5 ..... 51.7 

.. •.'·· ... 

65 100 

14.9 14.8 
58.8 73·7 

15.7 12.0 
67.4 79-4 

- -0- ·-· -0-,..... 

200 270 400 -400 

18.4 2.4 2.3 3-3 
92.1 94.6 96.7 100.0 

13.0 1.6 1.8 4.2 
92.3 94.0 95.8 100.0 

n 
•. O·'-zj( , I 

0 I· -n·!( 
;J'1· 

-·i"' 

~j( 

~ -
:b:.· 
r·· 
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I ru:LATION~HIP OF TUNGSTEN' CONTEll'T TO SIZE AllA.LYSl::.:.:l 
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REPORT OF ANALYSIS •· 

Mr. Ralph Meyertons 
Box 160 
Townsville, North Carolina 27584 

Analysis 
·.No~· 

Sample 
Designation . .·;. 

8863-1 
-2 

TQ Tail Pit 1 
TQ Tail Pit 2 
TQ Tall Pit 3 

earn 

-3 
-4 ·. TQ Tail Pit 4-.-.. 
-5 TQ Tail Pit 5 

-6. .TQ Tail Pit 6 
.. -:·?··. . ·'!'Q Tall Pit 7 
-a-::-·, ... ·.:'XQ Tail Pit a 
-9 .... :-:TQ Tall Pit 9 
-:~0 -· -~tTQ TaU·.Pit~Hl·r -~ -~ 

-11 · TQ TaU Pit 11 
-12 .~Q Tail Pit 12 
-13,.·· · 'TQ Tail Pit 13 . 

I -- -··-

_yP 
I 

0.114 
0.088 
0.065 
·o.o99 
0.122 

0.249 
0.253 
0.389 
0.388 

4601 INOIANA STREET 

GOLOEN, COLORADO • 80401 

TELEPHONE 303/279-4SO'I 

Date: November 6, 1975 

HRI Project No. 1618-04 
HRI Series No. 8863 
Samples Rec'd . 10/31/75 

0 .453.4:.::~ 

0.061 
0.070 

-·0.239 

sCW~a@.,:: . 
I 

. Jojin c. Ja s 
M'anager, Analytical Laboratory 

RESEARCH AND DEVElOPMENT FOR THE CHEMICAL AND MINERAL INDUSTRIES 
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TUNGSTEN AND TUNGSTEN AUOYS 

Tungsten (wolfram) [7440-33-7) is a silver-gray metallic element with atomic 
::umber 74 and appearing in Group VIB of the periodic table below chromium and 
molybdenum. Its atomic weight is 183.85. The five stable isotopes are given in Table 
1. Tungsten has the highest melting point of any metal, 3695 K, a very low vapor 
pressure, and the highest tensile strength of any metal above 1650°C. 

The name tungsten, meaning in Swedish heavy (tung) stone (sten), was tlrst ap
plied to a tungsten-containing mineral in 1755. The mineral was subsequently iden
tified by Scheele in 1781 as containing lime and a theretofore unknown acid which 
he called tungstic acid. The mineral was then named scheelite. Metallic tungsten was 
first pro(l,,. .. .-1 1.. •• •'I..~ """"n" •<>tinction of tungstic acid in 1783 in Spain and ten~.,;..., 
wolfram. This designation became common usage in German. In 1957, the IUP AC 
dmse the English name tungsten and the French name tungstene with wolfram a.S an 
.tlternative. However, W is still used as the chemical symbol. 

During the nineteenth century, tungsten remained a laboratory material. The 
'•tter half of the century saw the development-::~'-:~~ speed tool steels containin~ 
rungsten which became the prime use for the metal in the fust half of the twentieth 
•·ntury. The pure metal itself was first used as a filament for electric lamps at the 

1 reg inning of the twentieth century. After some limited success with paste-extruded 
mgsten powder, the Coolidge process was developed in 1908, by which a pressed and 
•1tered tungsten ingot could be worked at high temperatures by swaging and drawing 

to form a fine-wire filament. This was a landmark in the development of the incan-
descent-lamp industry and, later, in the use of tungsten as a welding electrode. In the 
1920s, the search for an alternative to expensive diamond dies required for the drawing 
r the tungsten wire led to the manufacture of cemented carbides now accounting for· 

••ver half of the tungsten consumption in the world. 
'l'nn~sten is the eighteenth most abundant metal having an estimated concen

' ration in the earth's crust of 1-1.3 ppm. Of the more than 20 tungsten-bearing min
··rnls. only four are of commercial importance: ferberite (iron tungstate), huebnerite 
...... u1ganese tungstate), wolframite \iron-manganese tungstate containing ca 20-80% 
of each of the pure components), and scheelite (calcium tungstate). 

The W03 content of wolframite minerals varies from 76.3% in FeW04 to 76.6% 
in Mn W04• They are commonly called black ores, as their colors range from black to 
; .r.;\\n. They occur as well-defmt:u ~.:cysLC:U.:~ w irregular masses of bladed crystals. They 
have Mobs hardness 5.0-5.5, a specific gravity 7.0-7.5 and tend to be very brittle. They 

Tolble 1. Isotopes of Tungsten 

Isotope 
CAS 

Registry No. 

[14265-79·31 
{I~~C . 
[14265-81·71 
[14265·82·81 
, .. "', ... , "' 
~· ·- .. ' 

Abundance. c; 

0.14 
~6.41 

14.40 
30.64 
28.41 

r----.- . 
- ~. . .. 
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are also weakly maguetic. Scheelite contains 80.6% W03• It is white to brown and 
strongly fluorescent in short-wave ultraviolet radiation. Scheelite occurs as massive 
crystals and small grains. It has Mohs hardness 4.5-5.0, a specific gravity 5.6-6.1, and 
is very brittle. 

Tungsten deposits occur in association with metamorphic rocks and granitic ig
neous rocks throughout the world (see Table 2). Deposit!: !::: th: !."' .:v,..: .... ·.,.Republic 
of China constitute >50% of the world reserves and over five times the reserves of the 
second largest source, Canada. 

Tmle2. World Tungsten Resources, 101 Metric Tons• 

Country Reserves Otherb Total 

North America 
United States 125 325 450 
Canada 270 320 590 
Mexico .!U 5 ~oJ 

other 1 2 3 
..,.. .... -120 650 •n-:-n • v .. u .. 

South America 
Bolivia 39 86 125 
Brazil 18 40 58 
other 2 2 4 

Totalc 60 130 190 
Europe 

Austria 18 55 73 
France 16 2 :s 
Portugal 24 30 54 
USSR 210 320 530 
UK 0.5 65 65 
other 30 9 39 

Totalc 300 -180 i80 
Africa 

Zimbabwe 5 5 10 
other 5 14 19 

Totalc 10 18 28 
Asia 

Burma 30 75 105 
People's Republic of China 1400 2300 3700 
DemOc."ratif' PPnnle's Republic of Korea 110 140 250 
Republic of Korea 80 80 160 
Malaysia 15 30 4!; 

Thailand -V 20 4U 

Turkey 75 14 89 
other 5 5 10 

Totalc 1700 2620 4320 
Oceania 

Australia 110 260 370 
other 0.5 2 :1 

Total 110 260 3i0 
World Total• 2600 -1200 6800 

a Ref. 1. 
" Derh·ed in collaboration with the U.S. Geological Survey. 
r Data may not add to totals shown because of independent rounding. 

··-- ···---·~---·-·. 
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Phvsical Properties 

:-iome of the physical properties of tungsten are given in Table 3. Although in 
_,.j 1t'ral these data are reliable, the original references should be consultedifprecise 
..dm·s are required. For further property data, see refs. 12-14. For thermOdynamic 
. ,!Ill·~. refs. 4, 15-16 should be consulted. Two values are given for the melting point. 
l'hl' ,·alue of 3660 K was selected as a secondary reference for the 1968 International 
l'r:u·tical Temperature Scale. However, since 1961, the four values that have been 
.. pnrted ranged from 3680 to 3695 and averaged 3688 K. 

< hl'mical Properties · 

The oxidation states of tungsten range from +2 to +6, and some compaunds with 
·..ru oxidation state also exist. Above 400°C, tungsten is very susceptible to oxidation. 
\, "''t 1° C, sublimation of the oxide becomes significant and oxidation is destructive. 
•:t·r,· tine powders are pyrophoric. Above 600°C, the metal reacts vigorously with water 
· .. ,.,·,rm oxides. In lamps, in the presence of water vapor, a phenomenon called the water 

.. ~ "~'-ut::t iu wltidt Lhtl ~w1g::;~.en is oxidized in the hottest part oi the iiiament and 
· iu·n reduced and deposits on the cooler portion of the filament. Tungsten is stable 
·1 nitrogen to over 2300°C. In ammonia, nitrides form at 700°C. Carbon monoxide 
.nd hydrocarbons react with tungsten to give tungsten carbide at 900°C. Carbon 
:: .• ·dde oxidizes tungsten at 1200°C. Fluorine is the most reactive halogen gas and 
ll acks tungsten at room temperature. Chlorine reacts at 250°C, whereas bromine 
.. ; ; .. Jint: require higher temperatures. 

Tungsten is resistant to many chemicals. At room temperature, it is only rapidly 
.11 a eked by a mixture of hydrofluoric and nitric acids. Attack of aqua regia is slow. 
I lot sulfuric, nitric, and phosphoric acids also react slowly. SOdium, potassium, and 
.rnmtmium hydroxide solutions slowly attack tungsten at room temperature in the 
· n·:oence of an oxidizing agent such as potassium ferricyanide or hydrogen peroxide. 
\lolten sOdium and potassium hydroxide attack tungsten only mOderately. The attack 
· ;u·celerated by addition of an oxidizer. Tungsten resists attack by mimy molten 
· !l'tals. The maximum temperature of stability for various metals is given below: 

.\.fetal Mg Hg AI Zn Na Bi Li 
temperature, °C 600 600 680 750 900 980 1620 

In mntact with various refractories (qv), tungsten is stable in vacuum as shown 
•·low: 

Refractory Ah03 
temperature, °C 1900 

BeO 
1500 

MgO 
2000 

rPrlucing atmospheres, these temperatures are lower. 

\1anufacture 

Mining and Beneficiation. Tungsten mines are generally small, producing less than 
..:•It 10 metric tons of raw ore per day. Worldwide, there are only about 20 mines pro· 
:ql'ing over 300 t/d. Many small mines are macuve at umes, aepenamg on the price 
· r' 1 It n~rsten. They are primarily limited by the nature of the ore body and mining is 

..... ~~ ~:xctus1ve1y by underground methods. Where open-pit mining has '-A~ ... ""'-

~ I . ; 
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Tibl~ 3. Physial ProJ)flties of Tungsten 

Property 

crystal structure, bee 
lattice constant at 298 K. nm 
shortest interatomic distance 

at298K.nm 
density" at 298 K, g/cm3 
melting point, K 

boiling point 
linear espansion per K 

293-1395 K 

1395-2495K 

2495-3600K 

specific heat. Cp. 273-3300 K. 
J/(moi·K)b 

enthalpy, Hr- Hm. J/moJb 

entropy at 29e K. J/mol b 

heat of fusion, kJ/molb 
heat of sublimation, 298.13 K. 

kJ/molb 
vapor pressure, 2600-3100 K. Pat 
thermal conductivity at K. \\'/(cm·Kl 

0 
10 
50 
100 
500 
1000 
2000 
3400 

electrical resistivity, p, 4-3000 K, 
nO·m 

total emissivity, EH, 1600-2800 K 

" Determined by s·ray. 

0.316524 
0.2741 

19.254 

3660 
3695::1:15 
5936 

Value 

4.266 X 10-e (T- 293) + 8.479 X 10-10 (T- 293)2 
- 1.974 X 10-13 (T- 293)3 

0.00548 + 5.416 X 10-e (T- 1395) + 1.952 X 10-10 
CT- 1395)2 + 4.422 X 10-13 (T- 1395)3 

0.01226 + 7.451 X 10-e (T- 2495) + 1.654 X 15-9 
( T- 2495)2 + 7.568 X 10-14 (T- 2495)3 

( 
4805) 24.94 1 - """"f2 + 1.674 X 10-3 T + 4.25 X 10-10 TJ 

(
. 4805) 24.94 T + T + 8.372 x to-• T2 + 1.002 x 

w-:· P- i9li.!l 
32.66 
46.0 
859.8 

I -P -45395 2 8~6~d og P.---T-+1. I I 

0 
97.1 
4.28 
2.08 
1.46 
1.18 
1.00 
0.90 

0.04535 rum - 2.90 X lQ-9 TJ 

l + 3.442 X 105 
r-ss 

+po 

-2.685790 X 10-2 + 1.819696 X 10-4 T4 

-2.194616 x to-e r-

b To convert J to cal. divide b,· .U84. . 
• u ~um·ert f'a to mm Hg, multiply by 0.0075. 

d To convert log PPa to log Pmm Hr• subtract 2.1225. 

416 

Ref. 
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6 

6 

4 
j 

8 
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10 

11 
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.. ,, an•d. underground methods are used as the deposit diminishes. Ore deposits usually 
: ! ,;:!t' from 0.3 to 1.5% WOa, with exceptional cases as high as 4% WOa. Because of the 

•1 1 uug:;ten content of the deposits, all mines.have beneficiation facilities which 
..•.• d uce a concentrate containing 60-75% WOa. 
· :iince scheelite ·and wolframite are both friable, care must be taken to avoid 
·.t·r-grinding which can lead to sliming problems. The ores are crushed and ground 
·: -ta!!es, and the fines are removed after each stage. Jaw crushers are employed for 

. :tl' rirst stage because the tonnages are low. Either jaw- or cone-type crushers are used 

.. or the second stage. In some cases, sizes are further reduced by rod milling. After each 

.r al!e. the fines are removed and the coarse fraction is recirculated. Screening is the 
·rl'llorred method for fairly large particle sizes. Mechanical and hydraulic classifiers 
.tn also be used. 

:-iince tungsten minerals have a high specific gravity, they can be beneficiated 
. :!ravity separation, usually by tabling. Flotation is used for many scheelites with 
:, nt> liberation size but not for wolframite ores. Magnetic separators can be used for 

. om·t>ntrating wolframite ores or cleaning scheelites. 
Extractive Metdurgy. In extractive metallurgy, a relatively impure ore concentrate 

. converted into a high purity tungsten compound that can subsequently be reduced 
· o o metal powder. This is a particularly important step since high purity is required 
! o •r ;ill uses of tungsten except as a steel-alloying additive. The two most common in
·~·rmediate tungsten compounds are tungstic acid, H2W04, and ammonium para-
. ·tnl!state (APT), (NH4ho W t20.ct.SH20 (see Fig. 1). Most commercial processes today 
:~to APT. Depending on their source, the impurities in ore concentrates vary consid- · 
•·thly. but those of most concern are sulfur, phosphorus, arsenic, silicon, tin, lead, 

:ourem. and molybdenum compounds. 
The concentrate may be fllSt pretreated by leaching or roasting. In scheelite 

· uncentrates, hydrochloric acid leaching reduces phosphor,us, arsenic, and sulfur 
... ntents. Roasting of either scheelite or wolframites eliminates sulfur, arsenic, and 
· ·r:!anic residues left from the flotation process. 

.\ext, the concentrate is digested to extract the tungsten. For lower grade 
···heelites, the high pressure soda process is commonly employed. The concentrate 
.· tirst ground to <100 ~tm (-150 mesh) size, and then digested in an autoclave with 
· dium carbonate at ca 200°C at a pressure of >1.2 MPa (ca 11.9 atm): 

NaC03 + CaWO•- Na2WO• + CaC03 

l'hc sodium tungstate solution is filtered from the resulting slurry. Similarly, in the 
dkali roasting process,' the concentrate, either scheelite or wolframite, is heated with 
.. ·dium carbonate in a rotary kiln at 800°C and then leached with hot water to remove 
· hl· sodium tungstate. Wolframite ores are also decomposed by reaction with a sodium 
::~·droxide solution at 100°C: 

(Fe.MnlWO• + 2 SaOH- lFe,l\lniiOHl~ + :\a~\\'0• 

l·he insoluble hydroxides are removed by filtration. 
In another process, scheelite is leached with hydrochloric acid: 

· CaWO• + 2 HCI- CaCh + H2WO• 

In this case, the tungstic acid is insoluble and is removed by filtration and washed. 
~-'••r purification, it is digested in aqueous ammonia to give an ammonium tungstate 
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Firure I. Production of tungsten materials from ores (17). 
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... huion. Magnesium oxide is added to precipitate magnesium ammonium phosphates 
1
nd arsenates. Addition of activated carbo~ removes collodial hydroxides and silica 

.\ h irh are flltered. Evaporation of the ammonium tungstate solution gives APT. The · 
. \ 1puration is not carried to completion so that most of the impurities still present 
~rrnain in the mother liquor and are removed. . 

The sodium tungstate from the soda and caustic processes is purified by fllSt 
,. I ding aluminum and magnesium sulfates to remove silicon, phosphorus, and arsenic, 

',\ lll're'Ss sodium hydrogen sulfide removes molybdenum and other heavy metals. The 
.. ff i~ controlled and the impurities are removed by flltration. Then, the sodium 
:un!!state is.converted to ammonium tungstate by means of a liquid ion-exchange 
:•rol·ess. Since this involves the exchange of anions, most of the impurities which are 
:·~··~ent as cations are left behind. The ammonium tungstate solution is then evapo
' .1 t l'd to a raed specific gravity under constant agitation to give APT. 

Reduction to Mebl Powder. The metal powder is obtained from APT by stepwise 
n·duction with carbon or hydrogen. The intermediate products are the yellow oxide, 
\\'0;1; blue oxide, W40 11 (which is actually a minme of two oxides, Wts049 and 
\\' ... 0:;8); and broWn oxide, W02. Because carbon introduces impurities, hydrogen is 

1
.rl'l·t:rred. The reduction is carried out either in tube furnaces or rotary furnaces, 

!wated by gas or electricity and having three separately controlled zones. A tube fur-
tn• consists of many tubes, 7-9 m long with a diameter of 80-150 mm. The boats 

.. ~utaining the oxide have rectangular or semicircular cross sections and are 375-450 
., rn lung. Both tubes and boats are made of Inconel or a similar heat-resistant alloy 

· ... ,. High temperature alloys). The boats are either manually or automatically stoked 
i, rc •ugh the furnaces. Hydrogen is fed through each tube countercurrent to material 

1 l11w. The hydrogen is recirculated and is scrubbed, purified, and dried, and new by
. I rc •!!en added with each cycle. A rotary furnace consists of a large tube 3-> 10m long. 
1; is partitioned into three sections to restrict powder movement down the tube and 
has longitudinal vanes to carry the powder. The tube is tilted at a small angle and ro
. tll·d to provide continuous flow of powder through the furnace. 

Ammonium paratungstate is decomposed to the yellow oxide by beating in air 
·t so0-900°C. The blue oxide is obtained in a hydrogen atmosphere. Metal powder 
·1n he made directly from APT but particle size is better controlled with a two-stage 
·• I uction by controlling temperature, bed depth, and hydrogen flow. Since rotary 

(llrnaces have effectively a shallow bed, they tend to produce rme powders, and tube 
• 11 rnaces are preferred for the final reduction. Temperatures of 600-900°C are used 
:o produce particle sizes of 1-8 #£m. 

Pnr thf> nrnnnt'tinn nf 1Rm!'-fihtmPnt wll'f:', aluminum, potassium, and ~ilkon 
· " 1Pants are added to the blue oxide. Some dopants are trapped in the tungsten par
. ides upon reduction. Excess dopants are then removed by washing the metal powder 
~:1 hydrofluoric acid. For welding electrodes and some other applications, thorium 
.lit rate is added to the blue oxide. Mter reduction, the thorium is present as a finely 
!i,;persed thorium oxide. 

Consolidation. Because of its high melting point, tungsten is usually processed 
1,,. powder metallurgy techniques (see Powder metallurgy). Small quantities of rod 
·~" 1 ' produced by arc or electron-beam melting. 

For rod and wire production, ingots ranging in size 12-25 mm square by 600-900 
111 111 are mechanically pressed at ca 200 MPa (20 atm). The bars are very frqile and 
trr· presintered at 1200°C in hydrogen to increase their strength. Sintering is done 

. I '. • J I 
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by electric resistance heating. The ingot is mo.unted between two water-cooled~~:· 
inside a water-jacketed vessel containing a hydrogen atmosphere. A current is P8lled 
through the ingot heating it to about 2900°C. This not only sinters the bar to a den.itJ .:.. 
of 17.2 to 18.1 g/cm3 but also results in considerable purification by volatilization ot 
the impurities. Larger billets for forging or rolling are isostatically pressed. The llOWder 
is placed in a plastisol bag, sealed tightly, and placed in a fluid in a high Pressure 
chamber at 200-300 MPa (20-30 atm). Sintering takes place in an electric-resistance 
or induction-heated furnace at 2200°C in a hydrogen atmosphere. Densities after 
sintering are 17.8-18.1 g/cm3. Small parts are made by mechanically pressing powder 
to which a lubricant has been added, followed by sintering at 1800-2100°C. For some 
applications, the sintering temperature can be lowered to 1500°C by the addition of 
small amounts of nickel or palladium which. howevPr, Pmbrittle the tungsten. 

Meta:wu•kiug. Tungsten is unusual as its ductility increases with working. Aa 1. 
sintered or after a full recrystallization annealing, it is as brittle as glass at room 
temperature. For this reason, it is initially worked at very high temperatures and large 
reductions are required to achieve ductility. Furthermore, the low specific heat ot 
tungsten causes it to cool very rapidly and any working operation requires rapid 
transfer from furnace to working equipment and frequent reheating during the workiDc 
operation. 

Swaging is historically the oldest process used for the metalworking oftungstea 
and is the method used first for the manufacture of lamp wire (Coolidge process). 
Swaging temperatures start at 1500-1600°C and deC'"'""q"' to ca 1200°,.. .. : .. · ... :. 
worked. These temperatures are just below the recrystallization temperature and the 
working is, therefore, technically cold working. Reductions per pass start as low as 
fiO?. but then increase to as high as 40% as the size decreases. Total reductions of ca 
60-80% are typical between annealings. For rod and wire production. rod rollin! n" 
morE' recently, Koc~ ,ulliug is also applled, at least in the initial breakdown stages. 
For rod rolling, oval-to-square sequences are used with reductions of 15-25% per pass. 
A Kocks mill consists of-8-12 roll stands in sequence, with each stand consisting ol 
three rolls at 120° to each other producing a hexagonal cross section. The material 
is rolled through the stands at very high speeds to avoid cooling problems. Wire 
drawingstarts at ca 4 mm and at temperatures as high as 1000°C, decreasing to 5QO•C 
for fine wire. The graphite lubricant required must be replaced after each draw paa. 
Reduction per pass is 35-40% at the start of drawing and drops to 7-10% in fme wire. 
For drawing dies, tungsten carbide is used to a diameter of 0.25 mm; for smaller di· 
ameters, diamonds are used. 

For larger-diameter rod or plate, rolling is also employed with temperatures 
starting at 1600°C. However, when rolling large cross sections, most equipment iJ not 
powerful enough to handle large reduCtions and, as a result, large center·to-edge 
variations develop. These variations lead to center bursting or nonuniform structureS 
after annealing. Large total size reductions overcome this effect. As the material il 
worked to larger reductions, the temperature is gradually lowered to avoid reerystal· 
lization during reheating. Once reductions of >95% are achieved, temperatures can 
be as low as 300°C. . 

Forging is also used on tungsten. Hammer forging is generally preferred to press · 
forging because the temperature is better m·aintained with the higher rate of de!or· 
matiun. Temperature control is also critical here and even more critical with extruston. 
Conventional extrusion qf glass-coated billets is employed. A rather delicate balance 
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. .. rwt>en heat loss in the billet and·heat generation in the die is required for good re-

,, 11no~ic Aspects 

Hl'cause of fluctuation in the stockpiling policies of the General Services Ad
··::ru!'>tration (GSA), tungsten prices in the past 25 years varied greatly, as shown in 
; , i ,Jt· .t, The GSA has redefmed its stockpile objective ~veral times and it now stands 
• ::•i.:-\ 1 o metric tons, which is about a 3-yr supply for the United States. · 

World production is given in Table 5. The relatively stable market and the di
.. :: r~hed influence of the GSA has improved the atmosphere for the development of 

. , w mines and expansion of existing facilities (see Table 6). This activity bas led to 
. :, , urrease in the tungsten production capacity in North America from 4900 tin 1976 
••• t projected 12,065 tin 1985, ca 20% of the world's capacity. The forms of tungsten 
:•r•"lul'ed, and the distribution by industry, are given in Tables 7 and 8, respectively. 

• •·!! ~:1rbide products accounted for >65% of tungsten usage. 
Primary U.S. tungsten requirements in the year 2000 are estimated to be 23,130 

· ;,;,.h represents an annual growth rate of 4.5%. For the rest of the world, 61,240 t 

T.able4. Tungsten Prices, 5/kg" 

Year wo3 w 
late 1950s 2..&2 3.05 
1962 0.88 1.10 
'"1-- . li.60 22.19 
1982 10.63 13.40 

a To con\'ert $/kg to STU (short ton unit), multipl:f by 9.07: The STU contains 
9.07 kg W03 or 7.19 kg W . 

T.able S. World Tungsten Mine Produdion. 1980" 

Country 

r • rdtorl ~'~!!: ! :nine s!!!!'-:ents) 
Australia 
Austria 
Bolivia 
Brazil 
Burma 
Canada 
Republic of Korea 
Mexico 
Portugal 
Thailand 
Turke~· 
uther market·economy countries 
People's Republic of China 
USSR 
other Communist cOuntries 

Total 

·• Ref. 18. 

Production, metric tons 

3.200 
;3,400 
1.000 
2,800 
1,400 

500 
3,100 
2.600 

200 
1,400 
2,000 

300 
3,600 

13.200 
8,900 
2.200 

49,800 

! .JJ.; 
'l A. 

1.: . 
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.. 
Location Mine Oper.n:i 

Canada Cantunr 
Australia King Island 
Australia Mount Carbine 
Thailand 
Bolivia 
Austria Mittenil 197e 
Australia · Glen Innes 19:Eo 
United States, Nevada Emerson 197~ 

Brazil BocaDel.aga 1977 
United States, California Strawberry 
Canada Mount Pleasant 19S:2 
United States, Nevada ·springer 19e:! 
Canada Mactung (estd) 1954 
l!K Hemerdon (estdl 19~5 

a Ref.19. 
b Initial capacity. 

T.1ble 7. U.S. Production, Metric Tons Contlined Tungsten• 

Property 

metal powder 
WCpowder 
crushed and crystalline we 
chemicals · 
others 

Total 

a Ref. 20. 

T.1ble 8. U.S. Tungsten Distnbutlon, Metric Tons• 

Property 

machinery 
metalworking 
construction and mining 

transportation 
lighting 
electrical 
chemical 
other 

.Total 

01 Ref.1. 

Year 
Expanded 

1976-1979 
1975-1977 
19i7 
1978 
1975 

19i8 

"'I: I _ ....... 

~.::: 

• • r 

Annual production, 101 
ks: 

1975 

1.2 
1.2 
0.1 
0.7 
0.1 

1980 

3.3 
2.0 
0.7 
1.8 
0.7 
1.2 
0.6 
o.s 
0.5 
0.4 

1979 

2738 
5347 
1009 
363 
149 

9606 

1979 

6,092 
2,277 
1,036 

658 
395 
177 
116 

10,751 

Iii -

0.9 

1.S 
0.7 
:1.2 
1.8 

are predicted for a :t2o/, ~""'-~~ ~~-::t~. Th.: m~ .. .:..:=.:..:growth JS expected to be in 
cutting, wear-resistant, and hard-facing applications. 
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"Jll'<.itications; AIWytial Methods .. 
The 1980 1\STM specifications are given in Table 9. 
Tungsten is usually identified by atomic spectroscopy. With optical emission 

. ,, ., 1 rc •scopy, tungsten in ores can be detected at concentrations of 0.05-0.1 %, whereas 
.' r.1,· .. pectroscopy detects 0.5-1.0%. Scheelite in rock formations can be identified 
. \ 11 ,. luminescence under ultraviolet excitation. In a wet method. the ore is flred with 

.iiurn <.·arbonate and then treated with hydrochloric acid; addition of zinc, aluminum, 
r rrrt produces a beautiful blue color. 

111 the classical method for the quantitative analysis of tungsten in ore concen
.. ,.,.,,the ore is digested with acid, the tungsten is complexed with cinchonine, pu
... : ... 1. ignited, and weighed. More commonly, x-ray spectrometry is used and its ac-
. ~=w'· is enhanced with tantalum as an internal standard. Plasma spectroscopy de

···rmi~tes concentrations as low as 0.1 ppm in solutions and 10 ppm in solids. Atomic 
. i •·••rpt inn is a very rapid method but not accurate enough for assay-grade analyses. 
•·:"' t hiocvanate-tungsten color complex is specific for tungsten and used for colori
·:wt rir an~lyses for concentrations in the 0.1-1% range. It is not accurate enough for 

••:in!! concentrates. 

1 t.·.tllh and Safety Fadors 

l'here are no documented cases of tungsten poisoning in humans. However, nu
., .. r .. ••s <·ases of pneumoconiosis have been reported in the cemented-carbide industry, 

·' i 1.· l'UUSe, ie, we or cobalt, has not been definitely determined. No cases have been 
• 1" •rt l'(l among workers exposed to tungsten or its compounds. In fact, any hazards 
!wuuntered seem to be caused by substances associated with the production and use 
• '"~ll:.!~tl'n. eg, As, Sb, Pb, and other impurities in tungsten ores, Co fumes and dust 

=• till' ··arbide industry, and thoria used in welding electrodes. Exposure limits of 5 
::1 insoluble tungsten and 1 mg/m3 soluble tungsten have been established. 

I W\ 

Tungsten is used in four forms: tungsten carbide, as an alloy additive, essentially 
•n· tungsten, and tungsten chemicals. Tungsten carbide, because of its high hardness 

•hh· ''· IIJ80 ASTM Tungsten Spedfiations 

'! . •llllotor 

.... 
'I' 

.... 
. . . 

Use 

unalloyed sintered billets, bars. rods, and preforms for forging 
particle-size distribution of refractory metal powders by turbidimetry 
tungsten-base, high density metals 
preparation of tungsten and tungsten alloys for electroplating 
hydrogen lou of copper, tungsten, and iron powders 
chemical analysis 
wire for electronic devices and lamps 
surface flaws in seal rod and wire 
sag of wire 
wire for electronic devices and lamps 
round wire for winding electron-tube grid laterals 

!.; 

I 
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at high temperatures, is used for cutting tools, ~brasion-resistant surfaces, and~ 
tools. This application accounts for ca 65% of tungsten usage, mostly in the tona II 
cemented carbides. Tungsten carbide is produced by the reaction of tungsten Pftder 
with carbon bl~ck at 1500°C. The tungsten carbide is then milled and blended._ 
3-25% cobalt and pressed and sintered at ca 1400°C. Addition of tantalwn and tita. 
nium carbides improves hardness and wear resistance. Cemented carbides are \lied 
for cutting tools, mining and drilling tools, forming and drawing dies, bearinca.IDd 
numerous other wear-resistant applications. 

About 16% of tungsten usage is as an alloy additive. Tungsten added to lteek 
forms a dispersed tungsten carbide phase which imparts a fmer grain structure llld 
increases the high temperature hardness. The fmer grain size improves toughnesa IDd 
produces a more durable cutting edge. For this type of application. up to~ tuncu. 
is used, usually with 1-4% chromium. For hot-work tool steels, up to 18% tungsten is 
added. Such steel, when quenched from a very high temperature and tempered, ma. 
its hardness up to a red heat. Tungsten is also used as an additive to nickel- and co
balt~ base superalloys. Here again, tungsten imparts high temperature strength IDd 
wear resistance (see High temperature alloys). 

Metallic tungsten accounts for 16% of tungsten consumption. Frequently, tuDe• 
sten is used because of its high melting point and lowvaoor or~!iltn'P. ,,. h.u:t J ... •• :. 

use is the manufacture of lamp filaments, where potassium, silicon, and aluminum 
dopants are added to the oxide. After sintering, about 60 ppm potassium is retained 
in small voids. During working, these voids are stretched into long stringers. Upoo 
heating, they form rows of tiny bubbles which control grain boundary movement rt· 
c;J_tlti!'g in ~!"~ins that are much longer than the wire diametet ..wd whose boundaries 
are at a small angle to the wire axis. This structure is very creep resistant and allows 
the coil to maintain its shape throughout life. Tungsten _is widely employed as an 
electron emitter because it can be used at very high temperatures. Thoria is added 
to reduce the work function and improve emission. It also improves arc stability and 
giveslunger life to welding elecuodes. Tungsten is used as the target in high intensity 
X-ray tubes. Other high temperature applications include furnace elements, heat 
shields, vacuum metallizing coils and boats, glass-melting equipment and arc· lamp 
electrodes. Because of its high elastic modulus and wear resistance, tungsten is used 
as the target in high modulus and wear resistance, tungsten is used in high speed impact 
printers. Its low thermal expansion makes it ideal for glass-to-metal seals and as hue 
for silicon semiconductors. There are few tungsten-base alloys. W-Re alloys are UMCi 
. for thermocouple wire and for shock-resistant lamp filaments. Alloys of tungsten with 
various combinations of iron, nickel, and copper are called heavy alloys. They have 
the high density of tungsten but in a more machinable form. These are used as coUD· 
ten\reights, armor-piercing penetrator cores, x-ray shielding, gyroscope rotol'!'. d?rt 
bodies, and other high density applications. A similar material is made by infdtratiJJI 
porous tungsten with copper or silver. Such alloys are used as electrical contact ma
terials and rocket nozzles. Composite materials with barium and strontium compounds 
are used in electron-emitting devices. • 

Nonmetallurgical uses include brilliant organic tungsten dyes and pigments which 
can be used in a variety of materials. Tungstates are used as phosphors in fluortalescent 
lights, cathode-ray tubes, and x-ray screens. Tungsten compounds are used as ca ysll 
in n,.t.,.nl,.Jn•n .. at.Y!!!:;. . 
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CURVE AND REDUCTION TABLES 

Publbhed br Bur•n• Dletaran Co. 

1. Radius 

CURVE FOilMULAS 

n=~-
:sin U/2 

2. Dcgwc or Curve: D= 100 l- Also, sin D/2= ~ 

3. Tangent T= It I an '·~I. Also, T= Tror ~r:nrvc +C. 

I 
4. l..cnglh or Curve: (.= 1000 
5. I.ong Chor•l 1 •. C'.=2R 11in Ji I. 
6. Mi•MI•! Ordinate:· M= R (l-r.011 !i I) 

7. E:.h·rnal J-:=__!!-
1
-n Abo, fo~=T tan 3-( I. 

COli )-i ' 

EXPLANATION .&MD UBI! OF TABUS 

GiVen P.l.llla. 113+40.7. 1•4~· :!0' and D •11":111' find: 

~taUoaa - P. C. • P.l.- T. T ;r for I~ <'une + C. From TabiH V and VI 

T-2~!-"+.107 •3115.32 •3+G8.32. 5&&. P. C. •83+40.7-C3+6R.321•70+72.:111. 

} I 4'133 r. T.•P. C. H .. and L•IOO v•IIIO li:i""·G~7.38 Therefore, P T.•C70+7':tll) 

+111+97.311) •116+11!176 
ocr .. u-Tan«enl olrseb ""f lapproahnately) dir«tlr. with D end with tlwt 

erauare 10lthe diatance. t"rom Table II Taopn& Olrod for 100 eel •.\.liG!I f..-1 Uo•&&nce 

( 
'7112)' •80-:lta. P. C. •27112. llure ulraet •ll CIIIX -tiKI •.432 fl .. Uoo, ••tttare uf anr 

oliotanoe. dividrt.l hlf ,,.ire tl•e radius e•rual• l•t•t•ru•iuoat~ly)lhe di.tonce lrum lanKen& 
tu rurve. 'flu,. 1~7 11~1' +(~ )(KKIII.;I •.4:1:l h. 

DetlecUoaa-lleftntion enale • 'i U for 100ft .• !-{ 0 for Ml f& .• ele. t•,., .. X .. It • 
Oell«tin'l 'II Kit (in nunuteol • .:J X X X 0. t"or :Ita. 110 nl al10ve rurn I ,.tl~tiun Ana'* 
•.3 X27.112XCI.:i •63.118'. Aloo Oetlectioo ·'"'It •dll. lor lf&. from Tahwlll XX •t.v.; 

X l7.112 •ll:l.llll'. •·or :ill. 1111 Deflection Anale •531111'+ 
11

• ;0' -•• 8.116'. 

lbternala-From Table V fur 1• """•· with central an,le ol u• 20', E •4711.11. 
47911 . 

Thrrrfore. for 11• 30'eune. F. •""ii3"+ Corfftlton frorn Talole Vl•7.378+.039 •7.417. 
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DA'IE: 18 February 1985 

TO: File 

FRCM: Grover Nicholson c;o...-"· 
RE: PA for '1\mgsten Queen Mine 

Reference 4 

.. 

Today I spoke with Mr. Roger Kaufman and Ms. Colleen Kelley by 
telephone. Mr. Kaufi:nan is the Manager of New Mines and Industrial Mineral 
Division and Ms. Kelley is the Environmental Supervisor for Hecla Mining 
Company. From them, I received the following information. 

The Ttmgsten Queen Mine is now owned by Hecla Mining Company, P .0. Box 
320, Wallace, Idaho 83873. The mine was previously owned by Ranchers 
Exploration and Development Corporation of !~ew Mexico. The companies merged 
in July.1974 and became Hecla. · 

The mine "-'B.S closed in 1972 and has not been reopened. 

The caretaker of the mine is Mr. Howard Compton. He used to be an 
. electrician at the mine and is now also the· sheriff in Townsville. 

Gi/lw/2071A 
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Reference 5 

Date: 6 August 1987 

To: File 

From: Grover Nichol son 9- /J~:/.. 
Re: Tungsten-Queen Mine NCO 082 362 989 

Colleen Kelley, Environmental Supervisor for Hecla Mining Company, 
called today and spoke with Lois Walker. She said that the Tungsten-Queen 
Mine in Vance County, North Carolina has been sold by Hecla Mining Company to 
Atlas Mine and Mill. The contact person at Atlas is Shawn Fzambathy, N. 1115 
Havanna Street, Spokane. Washington. 99202, telephone ( 509) 535-2039. · 

\ 

\ 

.. 
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DIVISION OF HEALTH SERVICES 
P.O. Box 2091 
Raleigh, N.C. 27602-2091 

Mr.· James M. Rose 1 
Ranchers Exploration and 

Development Corporation 
Box 6217 
Albuquerque, New Mexico 87197 

De~r Mr. Rosel: 

.. 
Date: July 20, 1982 

Referenc~ . . fi 
Ronald H. Levane, M.D., M.P.H. 

ST.ATE HEAltH £>!RECTOR 

j/ c.~\L~ 
~ \ 

I 

Re: F~cility ID No. NC0082362989 ..... -----=--~~--.......... -
Based on information supplied by you we h:1ve processed and accepted at the State 
level your·request for the facility identi£ied with the above ID number tore
ceive the indicated change in classificatlon under RCRA: 

OHS 

cc: John Herrmann 
EPA Rer.ion·tv 
Emil Brcckling 

DHS Form 3048 3/82 

Add As 

D 
0 
0 
0 
0 
D 

Soli.d & ll.:1z. t.Jaste Hgt. Brnnch 

5fAl( OF t~OI(f:: CAROliNA 

Delete As 

18 
D 
0 
D 
0 
0 

generator 
\ 

transporter. 

treater 

storer 

disposer 

small generator 

••• ?~ _ ..... ____ _ 
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NUS CORPORATION 
SUPERFUND DIVISION 

TO: North Carolina Project Files 

FROM: Joan Dupont 

.. 

SUBJECT: North Carolina sites with no current RCRA classification 

Reference 7 

PROJECT NOTES 

DATE: December 4, 1989 

COPIES: 

According to the North Carolina Department of Human Resources, Solid and Hazardous Waste Facilities (printout 
dated August 10, 1989), the following facility is not currently classified as a RCRA facility. Also, according to North 
Carolina RCRA file room perSonnel, the facility has not undergone a name change or, if the name has changed, the 
facility is not currently listed as a RCRA facility under its new name. 

Site Name: 

v 
Tu.'"' 3 s--4:-Y\ Que c: i\ f '~' n e. 
T~'"-v Y\ s ,,. ,· 1\ e / ·v a. Y\c.e_ e. c.· ·; 

~ e..1> o ~:=t3(&, ~ q rcr 
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• 
Hecla Mining Company 

.. 

Mr. Grover Nicholson 
Solid and Hazardous Waste Management Branch 
Environmental Health Section 
North Carolina Dept. of Human Resources 
P. 0. Box 2091 
Raleigh, North Carolina 27602-2091 

Re: Tungsten-Queen Mine 

Dear Mr. Nicholson: 

Reference 8 

December 9, 1985 

Thank you for the copy of the Preliminary Assessment of the 
Tungst.en-Queen Mine. For your records, we have just completed the removal of 
two underground fuel storage tanks at the Tungsten-Queen. A 600-gallon 
gasoline tank, which was installated the time of construction of the new mill 
approximately 1970, was removed and found to be dry. No leakage was observed. 
A second tank, estimated to be approximately·12,000 gallons and dating back to 
the original mill construction approximately 1942, was also removed. This 
tank was approximately half full of what appears to be diesel fuel with 
probably some water dilution. Again, no leakage was observed. Arrangements 
are currently being ,made for removal and disposal of the remaining diesel 
fuel. If you . should have any questions about the tanks, please give me a 
call. 

CDK:jr 
xc: Howard Compton 

Sincerely, 

~bR:'MJJ 
Colleen D. Kei~-~ 
Environmental Supervisor 

P.O. Box 320. Wallace, ldaho,83873 • (208) 752-1251 • TELEX 326476 



-~-------

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• 

REFERENCE9 



I Reference 9 

I POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

&EPA PRELIMINARY ASSESSMENT 01 STATEI02 sm: NUMSEA 

PART 1 ·SITE INFORMATION AND ASSESSMENT NC 0082162989 

I II. SITE NAME AND LOCATION .. 
01 SITENAME/LIJIIOI,c-. ..,~•--oluol 02 STREET. ROUTE NO., OR SPECIFIC LOCATION IDENT1FIER 

Tungsten Queen Mine SR 1348 Near Tungsten, NC 

I 03CITY 04 STATEr5 ZIP CODE 1015COUNTY r7COUN108 CONG 
COOE DIST 

Towns'(rille NC 27584 Vance 091 02 

I 
09 COORDINATES LATITUDE 

I 
LONGITUDE// u.Q 

36 30 50 0 07 8_ 28_}·5 -· 0 
1 0 DIRECTIONS TO SITE tSian"'!J ,,_ • ..,.., - _, 

From Townsville, go NW on SR 1348 to Tungsten, NC. 

I 
. 

Ill. RESPONSIBLE PARTIES 

01 OWNERru~-• 02 STREET lllu-tl, me~Mg, ,.llfiOIIIW/ 

I HECLA Mining Co. PO Box 320 
03CITY 04 STATE' 05 ZIP CODE I 015 TELEPHONE NUMBER 
Wallace ID 83873 (208, 7 52-125 

I 07 OPERATOR ~~---...,.,_,,_o_.., 08 STREET tllu-..c. ma~Mg. ,._ 

I 
09CITY 10STATE I 11 ZIP CODE I 1 2 TELEPHONE NUMBER 

( ) 

1 3 TYPE OF OWNERSHIP ICAoca OM/ 

ag A. PRIVATE 0 B. FEDERAL: 0 C. STATE OO.COUNTY 0 E. MUNICIPAL 
(Agencr,..,..l 

I 
0 F. OTHER: 0 G. UNKNOWN 

/54>-J 
1 4 OWNER/OPERATOR NOTIFICATION ON FILE tCAoc•oM ,_ _,, 

0 A. RCRA 3001 DATE RECEIVED: I I 0 B. UNCONTROLLEI? WASTE SITEICf'ACLA 10~ cJ DATE RECEIVED: L I )!{C.NONE 
,.OHTH CAY YEAA a..t()HTH OA'f YEAR 

I 
IV. CHARACTERIZATION OF POTENTIAL HAZARD 

01 ON SITE INSPECTION BY tCttoc• liM""'.,, 
0 YES DATE I 0 A. EPA 0 8. EPA CONTRACTOR 0 C. STATE 0 D.OTHERCONTRACTOR 

:lO NO ,.OHTH CAY Y[.VI 0 E. LOCAL HEALTH OFFICIAL 0 F. OTHER: 
(S4>oc.otpj 

I CONTRACTOR NAME!S): 

02 SITE STATUS IC•ocr ooo1 03 YEARS OF OPERATION 

I 0 A. ACTIVE ~8. INACTIVE 0 C. UNKNOWN X0 UNKNOWN 
BEGIHNIHG YEAA ENOIHGYEAA 

I 
04 DESCRIPTION OF SUBSTANCES POSSI&. Y PRESENT, KNOWN, OA ALLEGED 

This tungsten mine was closed in 1972 and has not been reopened. The 
mine does have a large tailings pond on the bank of Island Creek. It is 

I 
suspected that metals contamination may be present. 

05 DESCRIPTION OF POTENTIAL HAZAIIO TO ENVIRONMENT AND/OR POPUL.A TION 

I 
V. PRIORITY ASSESSMENT 

01 PRIORITYFORINSPECTIONIChoc•-·•-•-·---·-~·-·---,.o._.,,..._~ __ , 

I 0 A. HIGH 0 B. MEDIUM ::cJ C. LOW 0 D. NONE 
(lnft~.CIIOit ~M llrotftOt,.,l (II'IINCIIOI'I ,._,., fMIHCI Ofl , .... ..,..,.,., balSI rNo 1untt« acUDtt ttHtlfld. c~• clJINI'f ....... lomtl 

VI. INFORMATION AVAILABLE FROM 

I 
01 CONTACT 02 OF (Agooc.,orv-ntiOttl 03 TELEPHONE NUMBER 

Colleen Kelley Envir. Supe . Hecla Mining Co. 2os1 7 s 2-12s cr. 
04 PERSON RESPONSIBLE FOR ASSESSMENT o5 AGENCY I oe ORGANIZATION ~ J 01 TELEPHONE NUMSER 015DATE 

Grover Nicholson/Lee Crosb~ NC DHR/ Sol. & Haz. !919 733-21" 8 2ll~ 85 
nu~ Waste M~t. B • loiOHTW OA Y YEN~ I EPAFORM2070·12(7·811 

I. 



I • • 
I POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICATION 

oEPA PRELIMINARY ASSESSMENT 01 STA~t2SITEHUMBER 
NC D082362989 PART 2 ·WASTE INFORMATION 

II. WASTE STATES, QUANTITIES, AND CHARACTERISTICS 

01 PHYSICAL STATES ICh.ct .. ,....,,.,, 02 WASTE OUAHTTTY AT SITE 03 WASTE CHARACTERISTlCS IChKt .. ,..,_, 
tll....,.a o/llll'tll• ...,,,_, 

:.:E. SOLUBLE 1.:! I. HIGHLY VOLA TILE ._:A SOL.IO :.J E. SLURRY mv11 H lttd.,•INN'IIJ :J A. TOXIC 
_ B. POWDER. FINES ,_ F L.IOUIO . TONS ~ B. CORROSIVE :.:; F. INFECTIOUS 0 J. EXPLOSIVE 

•.: C.SL.UOGE L; G. GAS <.::; C. RAOtOACTlVE ::: G. FLAMMABLE u K. REACTIVE 

CUBIC YAROS ~l 0. PERSISTENT 1...: H. IGNITABLE :J L.. INCOMPA TlBLE 

0 OTHER ~ M.NOTAPPLICABLE 

tSilet:ft'fl NO OFORUMS 

I 
I 

Ill. WASTE TYPE 
.. 

CATEGORY SUBSTANCE NAME 01 GROSS AMOUNT loz UNIT OF MEASURE 03COMMENTS 

SLU SLUDGE I 
OLW OILY WASTE 

SOL SOLVENTS 

PSD PESTICIDES I 
occ OTHER ORGANIC CHEMICALS 

IOC INORGANIC CHEMICALS 

ACD ACIDS -I 
BAS BASES 

MES HEAVY METALS 

IV. HAZARDOUS SUBSTANCES ISHII-·""-",.-"OdCAS-.1 I 
01 CATEGORY 02 S\JBST .lNCE N.lME 03 CAS NUMBER o• STORAGEIOISPOSAL METHOD 05 CONCENTRATION oe MEASURE OF 

CONCENTAATION 

I 
I 
I 
I 
I 
I V. FEEDSTOCKS tSoolioo.., .. •,.,CAS-.1 

CATEGORY 01 FEEDSTOCK NAME 02 CAS NUMBER CATEGORY 01 FEEDSTOCK NAME 02 CAS NUMBER 

FDS FDS 

FDS FDS I 
FDS FDS 

FDS FDS 

VI. SOURCES OF INFORMATION reno •couiC rot.-.coo. o.g .• .,.,, '""· o..- - .... ,_, 1 I 
I 
I EPAFORM2070.12 (7·811 

I 



• 
POTENTIAL HAZARDOUS WASTE SITE I. IDENTJFICA TION 

PRELIMINARY ASSESSMENT 
01 STATE 02 SITE NUMB£R 

NC 0082362989 

I 
PART 3 ·DESCRIPTION OF HAZARDOUS CONDITIONS AND INCIDENTS 

11. HAZARDOUS CONDITIONS AND INCIDENTS 

01 C A.GROUNDWATERCONTAMINATION 02 0 ·OBSERVED IDATE: iJ POTENTIAL 0 AllEGED 
03 POPULATION POTENTIALL Y.AFFECTED: 04 NARRATIVE DESCRIPTION 

I 
I 01 0 B. SURFACE WATER CONTAMINATION 02 0 OBSERVED{DATE: :J POTENTIAL 0 ALLEGED 

03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

I 
01 C C. CONTAMINATION OF AIR 02 C OBSERVEDIDATE: :J POTENTIAL 0 ALLEGED 

·I 
03 POPULATION POTENTIALLY AFFECTED: 04 NARRA T1VE DESCRIPTION 

I 01 C D. FIRE/EXPLOSIVE CONDITlONS 02 0 OBSERVED !DATE: Ci POTENTIAL Ci ALLEGED 
03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

I 
I 01 0 E. DIRECT CONTACT 02 0 OBSERVED {DATE: 0 POTENTIAL 0 AllEGED 

03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

I 
01 C F CONTAMINATION OF SOIL . 02 0 OBSERVED IDA TE: I iJ POTENTIAL iJ ALLEGED 

I 
03 AREA POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

IACtell 

I· 01 0 G. DRINKING WATER CONTAMINATION . 02 0 OBSERVED (DATE: 0 POTENTIAL 0 ALLEGED 
03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

I 
I 

01 C H. WORKER EXPOSURE/INJURY 02 0 OBSERVED (DATE: 0 POTENTIAL 0 ALLEGED 
03 WORKERS POTENTIAU. Y AFFECTED: 04 NARRATIVE DESCRIPTION 

I 
01 C I. POPULATION EXPOSURE/INJURY 02 0 OBSERVED IDA TE: 0 POTENTIAL 0 ALLEGED 
03 POPULATION POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION 

I 
I EPA FORM 2070·12(7·111 

II 



I • 
I POTENTIAL HAZARDOUS WASTE SITE I. IDENTIFICA TlON 

&EPA PRELIMINARY ASSESSMENT 01 STATEI02 SITE NUMBER 

PART 3 ·DESCRIPTION OF HAZARDOUS CONDITIONS AND INCIDENTS NC D082362989 

II. HAZARDOUS CONDmONS AND INCIDENTS rc--
.. 

01 0 J. DAMAGE TO FLORA . 02 0 OBSERVED (DATE: I 0 POTENT\AL 0 ALLEGED I 
04 NARRATIVE DESCRIPnON 

I 
01 0 K. DAMAGE TO FAUNA 02 0 OBSERVED (DATE: I 0 POTENTIAL 0 AU.EGEO 
04 NARRATIVE DESCRIPTION ll•••:tw••-t~Oisooc,.., I 

I 01 0 L. CONTAMINAnON OF FOOD CHAIN 02 0 OBSERVED (DATE: I 0 POTENTIAL 0 AUfGEO 
04 NARRA nvE DESCRIPnON 

I 
01 0 M. UNSTABLECONTAINMENTOFWASTES 02 0 OBSERVED (DATE: I 0 POTENTIAL 0 ALLEGED 

tSDfbl"""'tf'IIMHWtO 1011Catlifat*"9 CJI"""II 
03 POPULAnON POTENTIALLY AFFECTED: 04 NARRATIVE DESCRIPTION I 
01 !:: N. DAMAGETOOFFSITEPROPER'fY 02 [j OBSERVED (DATE: l 0 POTENTIAL 0 AUfGED 
04 NARRATIVE DESCRIPTION I 

.. 

I 
01 0 0. CONTAMINATION OF SEWERS, STORM DRAINS, WWTPs 02 0 OBSERVED (DATE: I 0 POTENTIAL 0 AUfGEO 

I 
04 NARRATIVE DESCRIPTION 

01 0 P. ILLEGALJUNAUTHORIZEDDUMPING 02 0 OBSERVED IDA TE: I 0 POTENTIAL 0 AUfGEO 
04 NARRATIVE DESCRIPTION I 

I 
05 DESCRIPOON OF ANY OTHER KNOWN, POTENTIAL. OR AUfGED HAZARDS 

I 
Ill. TOTAL POPULATION POTENTlALLY AFFECTED: 

IV. COMMENTS I 
I . 

V. SOURCES OF INFORMATION te.r .. o_,.,.,...., ••.•. , ....... , .... ,_.,..,. .... ,_,, 

I 
I EPAFORM2070·1217·811 

I. /~ 
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ll~ord on front cover of tht L0<,1book: roo No. Site NAme r 
S.te LocAtron, Pro,ect MAnAger. • t· 
All entnn 11re m.cle Ullng •nk Dr11w • 11nglt l•ne throu9h 
errorJ. lnrtrlll And datt correnront. 

Sllltement of Work P111n, Study Plan. and S•fety PIAn 
drKunron lind drstrlbutron to field 1e11m wrth te11m memberl' 
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• ll~ord weather conditrons lind 9ener~l 111e rnform11ti~ 

s. Sign And d11te e~h j)ll9e. Pro,ect M1n119er '' to review 1nd 
11gn off on ... <h IOIJbook d1rly. · 

6. Document 111 c1libr1tion 1nd llfe·OPtrltionll checks of 
equrpment Provide Will number~ of equrpment uMd Oftlllt. 

7 Provide reference to S1171pling 'ield Sh .. tl for dttllrltd 
~em piing rnform1tion. . 

a. Dt~<ribt ~empling lo<11tions i..!!...JIJ1Iil and documtn~ 111 · 
chang~~ from project planning documentt. 

9. Provide 1 site lkttch with sample locatrons 11nd photo 
locatront. . 

10. Mlintllin photo log by completing the ttllmpecl rnform1tion 
1t the end of the logbook. 

11. If no lilt reprt~tntatrvt it on hand to ~~ectpt the r~tipt for 
~empltt, an entry to that effect mutt bt placed in tht 
logbook. . 

1J. ll~ord 1.0 numbers of COC and receipt for ~emple forms 
uMd. Also record numbers of dlltroyed documents. 

eom,lelt SMO information in the ~~~~~te prov;ded. 
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1927 LAKESICE F'AFIKWAY 
5UoTE614 
TUCKEFI. GECFIGIA 30094 
404-939-7710 

February 13, 1991 

Mr. A.R. Hanke 
Waste Programs Branch 

Reference 11 

.. 
C-586-2-1-66 

Date: 
Site Disposition:----------

Waste Management Division 
Environmental Protection Agency 
345 Courtland Street, N. E. 
Atlanta, Georgia 30365 

EPA Project Manager: 

Subject: Screening Site Inspection, Phase I 
Revision 0 
Tungsten Queen Mine 
Townsville, Vance County, North Carolina 
EPA 10 No. NCD082362989 
TOO No. F4-8911-99 

Dear Mr. Hanke: 

----------

FIT 4 conducted a Screening Site Inspection, Phase I for Tungsten Queen Mine, in Townsville, Vance 
County, North Carolina. The inspection included a review of state and EPA file material, completion 
of a target survey, and an offsite reconnaissance of the facility and surrounding area. 

Tungsten Queen Mine is located on State Road 1348 in the northern portion of Vance County, 3.5 
miles northwest of Townsville, North Carolina. The land surrounding the mine is predominantly rural 
and forested. The John H. Kerr Reservoir is located approximately 2 miles north of the mine (Refs. 1, 
2). 

The Tungsten Queen Mine is an approximately 1 SO-acre property which consists of several buildings 
and a guard house, along with a· mine shaft, associated processing mills, and several tailing ponds 
(Ref. 3). An office building is located approximately 0.5 mile south of the pond area (Refs. 1, 3). The 
mine is owned by Atlas Mine and Mill of Spokane, Washington, and is not currently active (Refs. 3, 4). 

. . 

The mine was discovered by Joseph and Richard Hamme in May 1942, and was the largest U.S. 
producer of tungsten for a 2-year period. They subsequently sold the property to Haile Mines, Inc., 
and in December 1968, the mine was acquired by Ranchers Exploration. This company repaired and 
deepened the shaft and rebuilt the processing mill. In July 1974, Ranchers merged with Hecla Mining 
Comp~ny, which retained ownership of the mine until July 1987. At that time the mine was sold to 
the present owner. Records indicate that the mine was worked for a total of 6 years between 1942 
and 1972 (Refs. 2, 5, 6). 

While the mine was in operation, huebnerite and scheelite mineral ores (containing tungsten) were 
extracted from an underground vertical vein. The crude ore was crushed and milled, and then 
concentrated via gravity separation, hydraulic sizing, and magnetic separation. Tailings remaining 
were used as slope fill and placed in tailing ponds (Ref. 5). Common impurities in tungsten tailings 

I 0 A Halliburton Company 
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Mr. A.R. Hanke 
Environmental Protection Agency 
TOO No. F4-8911-99 
February 11, 1991 - Page 2 .. 

are sulfur, arsenic, tin, lead, boron, and molybdenum (Ref. 7). An analysis of the tailings, conducted 
for Ranchers Exploration in November 1975, detected significant amounts of copper, zinc, lead, irori, 
and titanium. The estimated amourit of tailings present at Tungsten Queen Mine is 2,038,000 tons 
(Ref. 5). 

In 1985, two underground fuel storage tanks were removed from the Tungsten Queen Mine 
property. One tank was dry, and the other contained diesel fuel. No leakage near the tanks was 
observed (Ref. 8). · 

Tungsten Queen Mine was initially classified as a RCRA generator, but was deleted as a generator, 
with its EPA identification number canceled, in July 1982 (Ref. 9). Currently, it is not a RCRA-classified 
facility (Ref. 1 0). 

The Tungsten Queen Mine facility is located in the Piedmont-Blue Ridge Physiographic Province, 
which is typified by a thick regolith overlying fractured crystalline and metamorphosed sedimentary 
rocks. The bedrock found in the area is typically a granite or migmatic gneiss (Ref. 11, pp. 251, 252). 
Vance County has a moist, temperate climate with a net annual rainfall of 3 inches, and a 1-year, 24-
hour rainfall of 2.8 inches (Refs. 12, pp. 23, 48; 13, p. 93). 

The aquifer normally used in this area is the crystalline rock aquifer located commonly at depths 
between 75 and 200 feet below land surface (bls) (Ref. 14, p. 330). There were three wells drilled at 
the mine itself. These wells were drilled into Granodiorite and ranged from 31 to 142 feet deep. One 
well had a water level of 17 feet bls (Ref. 15, pp. 91, 92). ·The regolith that develops above granites 
and gneisses is the layer of lowest hydraulic conductivity between the surface and the aquifer. 
Sediments of this type have been shown to have hydraulic conductivities that range between 1 x 1 o-s 
and 1 x 10-7 em/sec (Ref. 16, p. 29). 

There are no known municipal water systems within a 4-mih! radius of the mine. Residents obtain 
their potable water from private wells, and the nearest private well is 300 feet south of the mine 
property on State Road 1348 (Ref. 3). A total of 1,159 people (305 houses x 3.8 persons/household) 
utilize private wells within 3 miles of the mine, with an additional 1,098 persons (289 houses x 3.8 · 
persons/household) between a 3- and 4-mile radius (Ref. 1 ). Two noncommunity wells were also · 
identified between 3 and 4 miles from the mine. The Vance City Wildlife Club well serves 35 persons, 
and the New Hope Elementary School well serves 400 people (Ref. 17). The total number of 
groundwater targets identified within 4 miles of the mine is 2,657. 

Surface water run-off from the tailings ponds would travel 100 feet northwest into Island Creek. This 
creek flows northeast 4.2 miles and then enters the John H. Kerr Reservoir, which flows to the east for 
the remainder of the 15-mite, surface water pathway (Ref. 1 ). The surface water intake for 
Henderson, North Carolina, is located on a portion of the John H. Kerr Reservoir that is not located 
along the surface water pathway (Refs. 1, 18). The town of Boydton, Virginia, does not use the 
reservoir as a potable water source (Ref. 19). The creek and reservoir are used for various recreational 
purposes, including boating, swimming, and fishing. Fishing is both recreational and commercial 
(Refs. 1, 20). The Elm Hill State Game Management area is located on the northern side of Kerr 
Reservoir. A freshwater wetland area is located along the surface water pathway, 0.8 mile northeast 
of the mine (Ref. 1). The property is completely fenced and locked, with posted "no trespassing 
signs" (Ref. 3). The estimated population within the study area is as follows (number of houses on 
topographic map x 3.8 persons/household): 0-1 mile, 80 people; 1-2 miles, 346 people; 2-3 miles, 733 

NUS CORPOFIATION 
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Mr. A.R. Hanke 
Environmental Protection Agency 
TOO No. F4-8911-99 
February 11, 1991- Page 3 .. 

people; and 3-4 miles, 1,098 people (Ref. 1). The nearest residence is 300 feet south of the mine 
property on State Road 1348 (Ref. 3). ·The nearest school is in Townsville on Highway 39, 
approximately 3.2 miles southeast of the mine (Ref. 1 ). The bald eagle (Haliaeetus leucocephalus) is a 
state-designated endangered species found in Vance County. No critical habitats have been 
identified in the area (Refs. 21, 22). 

Due to the amount of waste present in the tailing ponds and the large number of groundwater and 
surface water users, FIT 4 recommends that Phase II of this Screening Site Inspection be conducted at 
the Tungsten Queen Mine on a high-priority basis. If you have any questions or comments regarding 
this assessment, please feel free to contact me at NUS_ Corporation. 

Very truly yours, 

~-:ra:~;<2.. ;;, ~-

Jancie S. Hatcher 
Project Manager 

JH/tb 

Enclosures 

NUS CORPORATION 
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. 

19. Charlie Tooler, Mayor of Boydton, telephone conversation with Jancie Hatcher, NUS 
Corporation, November 19, 1990. Subject: Intake location for Boydton's water. 
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llPA I.D. Number: 
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CERCLA ELIGIBILITY 

~id the facility cease operations prior to November 19, 
1.980? 

r: answer YES, STOP, facility is probably a CERCLA sice 
If answer NO, Continue to Part II 

~CRA ELIGIBILITY 

~id the facility file a RCRA Part A application? 
If 'lES: 

1} Does the facility currently have interim status? 
2} Did the facility withdraw its Part A application? 
3} Is the facility a known or possible protective 

filer? (facility filed in error} 
4) Type of facility: · 

Generator Transporter Recycler __ _ 
TSD (Treatment/Storage/Disposal} 

Does the facility have a RCRA operating or post closure 
permit? 

Is the facility a late (after 11/19/80) or non-filer that 
has been identified by the EPA.or the State? (facility 
did not know it needed to file under RCRA) 

If all answers to questions in Part II are NO, STOP, the 
facility is a CERCLA eligible site. 

If a.nswer to 12 or t3 is YES, STOP, the facility is a 
CERCLA eligible site. 

If #2 and #3 are NO and any OTHER answer is YES, site 
is RCRA, continue to Part III. 

~CRA SITES ELIGIBLE FOR NPL 

Has the facility owner filed for bankruptcy under federal 
or state laws? 

Has the facility lost RCRA authorization to operate or 
shown probable unwillingness to carry out corrective· 
action? 

:s the facility a TSD that converted to a generator, 
::ansporc~r or recycler facility after November 19, 1980? 

YES NO 

X 

YES NO 

YES NO 
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SSI PHASE I 
RECONNAISSANCE DOCUMENTATION CHECKLIST 

This information is required for all SSI Phas~.ls. Much of it will be detailed in your letter report, 
logbook, or topo map. In such· cases, provide only brief descriptions and reference citations on the 
checklist to avoid duplication. Cite the source for 2.!!. information obtained for 2.!!. sections. Lists of 
HRS-specific definitions and sensitive environment identifications are attached. 

Site Name: Tungsten Queen Mine 

City, County, State: Townsville, Vance County, North Carolina 

EPA 10 No.: NCD082362989 

Person responsible for form: Jancie Hatcher 

Date: November 14, 1990 

DESKTOP DATA COLLECTION 
(Can be dorie before or after recon. Include attachments as necessary). 

I. Groundwater Use (See project geologist for this information) 

• Identify aquifer(s) of concern. 

• 

Crystalline rock aquifer (Ref. 14). 

Identify any areas of karst terrain within the 4-mile site radius, and confining layers and 
hydraulic interconnections within 2 miles of the site. 

N/A 

II. Surface Water Use 

• 

• 

Identify .uses along the 15-stream-mile surface water pathway (i.e. drinking water, 
fishing, irrigation, industrial). 

Fishing, boating, swimming (Ref. 20). There are no downstream surface water intakes 
within the 15-mile pathway. 

Identify any designated recreational areas, sensitive environments, and fisheries along 
the surface water pathway. Specify whether fishing is recreational, subsistence, or 
commercial. Information for smaller water bodies can be confirmed or obtained from 
local sources during the recon. 

Various recreational and public use areas are located on the banks of John D. Kerr 
Reservoir (Ref. 1). Fishing is both recreational and commercial (Ref. 20). 

-1-
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Ill. Sensitive Environments 

• Identify any sensitive environments within 4 radial miles of the site (See Table 4-23 of the 
February 15, 1990 HRS Draft Final Rule, attached). Remember, sensitive environments 
are not limited to critical habit~ts·. 

A wetland area is located 0.8 miles northeast of the mine (Ref. 1). 

DRIVE-BY RECONNAISSANCE DATA COLLECTION 
(This information should be recorded in logbooks with attachments). 

I. Groundwater Use (This information can generally be obtained from local water departments, 
or city hall in ·rural areas). 

II. 

• 

• 

• 

• 

Identify on copies of topes the extent of all municipal systems and areas served by 
private wells within 4 miles of the site. 

All residences within 4 miles use private wells. 

Locate on copies of topes all municipal well locations in the site area, including any wells 
of a blended system >4 miles from site. Specify if water from these wells is partially .or 
fully blended prior to or during distribution, and if any surface water intakes contribute 
to a blended system (whe.ther or not they draw from the target sw pathway). 

N/A 

Note the depth, pumpage, and population served for all municipal wells within the 4-
mile site radius. Complete well survey forms. 

N/A 

Document other groundwater uses (e.g. irrigation, industrial) . 

N/A 

Surface Water Use 

• Identify on topos the 15-mile surface water pathway . 

See Ref. ( 

-2-
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Ill. 

• Identify and locate on topes any surface water intakes within 15 miles downstream of 
the site (to be obtained from local water department). 

! 

.. 

Site and Area Use Data Collection (May be obtained before or during recon) 

• Describe any barriers to travel (e.g. rivers) within 1 mile of the site (consult topo). 

The John D. Kerr Reservoir presents a partial water barrier to travel (Ref. 1 ). 

• Describe population within the immediate site vicinity and within the 4-mile radius (e.g. 
sparsely populated rural areas, commercial/industrial areas, densely populated urban 
areas, etc.). 

Area is very sparsely populated. 

• Obtain aerial photos of site and immediate vicinity whenever available (f·om county 
offices). 

None available. 

• Note if the facility is on sewers or septic tanks (consult water or public works 
department). 

N/A. 

• Obtain current property owner information from the county tax assessor's office. 

Atlas Mine and Mill (Ref. 4). 

-3-
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SEE FIGURE 3 IN APPENDIX A 
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Climatic Atlas of the United States, US Department of 
Commerce, National Cllinatic Center, Asheville, NC. 1979. 

Reference 13 
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Rainfall Frequency Atlas of the United States, Technical Paper 
No. 40, US Department of Commerce, US Government. Printing 
Office, Washington, DC, 1963. 
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8. PIEDMONT BLUE RIDGE REGION 

(Thick regolith over fractured crystalline and metamorphosed 
sedimentary ~ocks) 

-. T~e Piedmont and Blue Ridge region is an area of about 247,000 km2 
extending from Alabama on the south_to Pennsylvania on the north. The Piedmont 
part of the region consists of low, rounded hills and long, rolling, 
northeast-southwest trending ridges whose swamits range frca about a hundred .. 
meters above sea level along ita eastern boundary with the Coastal Plain to sao 
to 600 m along its boundary with the Blue Ridge area to the vest. The ·Blue 
Ridge .is mountainous and includes the highest peaks east of the Mississippi. 
The mountains, some of which reach altitudes of more than 2,000 m, have 
smooth-rounded outlines and are bordered by well-graded streams flowing in 
relatively narrow valleys. · 

The Piedmont and Blue B.idge region is underlain by bedrock. of Precambrian 
and Paleozoic age consisting of igneous and metamorphOsed igneous and 
sedimentary rocks. These include granite, gneiss, ·schist, quartzite, alate, 
marble, and phyllite. The land surface in the Piedmont and Blue Ridge ia 
underlain by clay-rich, unconsolidated material derived from in situ weathering 
of the underlying bedrock. This material, which averages about 10 to 20 m in 
thickness aad may be as much as 100 m thick on some ridges, is referred to as 
saprolite. In many valleys, especially those of larger streams, flood plains 
are underlain by thin, moderately vell-eorted alluviwa deposited by the 
streams. When the distinction between saprolite and alluvium is not important, 
the term regolith is used to refer to the layer of unconsolidated deposits. 

The regolith contains water in pore spaces between rock. particles. The 
bedrock., on the other haad, does not have any significant intergranular 
porosity. It contains water, instec, in sheetlike openings formed along 
fractures (that is, breaks in the otherwise "solid" rock.). The hydraulic 
conductivities of the reaolith and the bedrock. are aillilar aad. range frca about 
0.001 to 1 • darl. Tbe major difference in their water-bearing 
characteristics is their porosities, that of regolith being about 20 to 30· 
percent aad that of the bedrock. about 0.01 to 2 percent. Saall supplies of 
water adeq•te for da.stic needs can be obtained frca the regolith through 
large-di ... ter bored or dug vella. However, most wells, especially those where 
moderate supplies of water are needed, are relatively small in diameter and are 
cased throuah the regolith and finished with open holes in the bedrock.. 
Although, as noted, the hydraulic conductivity of the bedrock. is similar to 
that of the regolith, bedrock. vella generally have such larger yields than 
regolith vella because, being deeper, they have a much larger avaUble 
dravdown. 
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GEOLOGY AND GROUND- WATER RESOURCES 

IN THE RALEIGH AREA, NORTH CAROLINA 

V. Jeff 

By 

May and J.D. Thomas 

ABSTR.ACT 

The Raleigh area is in ~he northeastern part of central North Carolina 
and includes the following counties: Franklin, Granville, Vance; Warren, 
and Wake. The combined a~ea of the five counties is 2,592 square miles, 
and the population in 1960 was 282,6Cl. 

The area lies entirely in the Piedmont physiographic province except 
for a small area in southern Wake County that is part of the Fall Zone. 
The land surface, which has a gentle southeast slope, has flat to rounded 
interstream areas separa~ed by small streams that are controlled largely by 
structure and by large~ s~reams which cut across st~cture. 

The geology in the Piedmont province is .complex. The Piedmont is 
underlain by gneiss, scp~st, granitic rocks, metamorphosed volcanic and 
sedimentary rocks, and Triassic sedimentary rocks of :.~e Newark Group. 
I~ the Fall Zone metamorphic and igneous rocks of the Piedmont are unr.on
formably overlain by u~consolidated sand and clay deposits of Cretaceous 
age. 

Several toi-I~S 3-::C. ::.::d'.lstries in -..he Raleigh area obtai!'l their water 
supplies from wells. Gyc-..:.~d water is ~he source for all p~i vate supplies. 

T!":e permeabilit~· of -:!';e rock units depends largel:: upon the occurrence 
of secondary interstices such as fractures and cleavage planes. Because 
:~e nature and abund~ce ~~ these interstices vary i~ :.~e different rock 
tj~es, the yields of wells differ greatly from place to place. 

The yield of wells in all of the metamorphic and igr1eous rocks, except 
greenstone, ranges fran l2 to 22 gallons per minute. Adequate domestic 
supplies and small to moderate industrial and mQ~icipal supplies are 
obtained from these rocks. 

~he Triassic sediner:-:ary rocks are :f>OOr aquifers. Host wells in these 
rocks yield less than 10 gallons per cinute. 

Topographic loca"Cion !las an important bearing on :.~e :_:ields of wells. 
The average yield of wells in draws. is greater than ~wice the average yield 
of wells at other topographic locations. 
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GROUND WATER IN THE RALEIGH AREA. 

_::e penneability of the rocks decreases '~ith depth. Generally, :.:.ttle 
~ate:- is contained i:: the roc·:.::..s ·oelow a doz~:h of 200 to 250 feet. .. ~ 

G:ound ~aters in the Raleigh area are mostly calcium and sodium ~~car
bona~e ~ype ~ater. Some higr~y mineralized ~aters for 'this area are ~ro
duce1 f:-om the Triassic and rr.etavolcani~ rocl<s. The bromide concen-::-a.':.ion 
::..n €:-:·.:!'l.d ~a~er is probably from resiQ.l~al 3ea. ~ater. :'te well ~aters 
con~a.i:-.i!'l.g above-no~.al a.moun~s 'Jf ni ":::ac-e :.:: -:he area have been pol:·.:-:ed 

bece.-:.;;e of improper >.:ell casing. 
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COUNTY DESCRIPriotiS 

VA NGt:. COUNTY 

(Area: 249 square miles; population i~ 1960: 32,002) 

GEOGRAPHY 

·/a:l·::e Cc~n.tJ~ .::.es in ::,!le nc::.-~1:-..:e::"t::--al pa:--: G:' :,!J.e =ta:eig!1 a:-ea; .: - is 
the smallest of the five counties. I~ is bounded on the east by Warren County, 
on the south by Franklin County, on the west by Granville County, and on the 
north by 'lirginia. Henderson, population 12,740, is the county seat and 
largest town in the county. Other population cen:ers include Middlesburg, 
Townsville, and Kittrell. 

rhe cc~nty is largely agricultural, tobacco being the chief crop. Cotton, 
corn, and dairy products are also importa~t sou~ces of income. Several indus
trial es:aclishments are centered in a~d around ~enderson. Chief among these 
are textile manufacturing, tobacco processing, ~d lumbering. Graystone 
quar~', located 1 mile north of Henderson, is o~e of the largest quarries in 
the State, and it ~reduces large quantities of cr~shed stone. 

Vance County is in the Piedmont physiograp~ic province, and the topo
graphy is ~ypical of that province. The uplif:e5. surface has been dissected 
by small streams forming draws and small valle:;s that have floors generally 
less than 75 feet below the upland surfaces •. Elevations range from slightly 
more than 300 feet. above mean sea le"rel, to al!::cs-: 600 feet. The lowest 
elevations are in the northeastern corner of the ~ounty, and the highest ~re 
in t~e west central part near Dabney. 

va::r::e Count:r is drained by small streams , .. ~..:.cr. are :::~ibutary to either 
:;he ~oanc~:e or Tar Rivers. Ttose tributary to -:r:e Roanoice River flow north
;,:ard i::.-:c :r:e j:·r::;. E. !<err Rese:-vo:::.:-. 'I'~~e stree=s in tr:e southern part of 
Vance Countj' flo-w south or southeast: -co :.ne ~a:- :.:.. ver v;:-.:.!.ch fonr.s the so:J.t:r.er~ 
boundary of the county. The drainage divide be-:-ween the two major drainage 
cas ins ex: ends :::.::. an east-west direc-::.ion across -::'le cent::-al part of the county. 
Stre~~ gradi~nts are moderate and flood plains are narrow. 

GEOLOGY 

!tiica g:1eiss crops out as a northeast-tret::::..::~ zone across the eastern 
half of ~se county. ?redominantly ~he rock is a ~ediurn- to coarse-grained 
bio-:ite-feldspar gneiss containing a.t most pla~es metacrysts of feldspar that 
ci·:e ~~ a. :;;orph:,'ri.":.ir. texture. 'rhe :'eldspar is ~ostly orthoclase which 
2cr..::o::l:,· c~::!prises as much as 50 pe:=~ent of t::-; ~ock. Other mi.::erals incl'...!de 
qua:-:z, plagioclase feldspar, rnusco-.;ite, and ~::or aruo'l:.."l-.s of opaque minerals. 
T~e conta~~ betwee=t the granite and gneiss appears to be gradational, which at 
mas: places -was r:apped by characteristic soil :::pes between isolated outcrops. 
T::e !;ra=tite may nave intruded the rocks that are now gneissic and partly 
ass:.::!ila::ed and :.::drothermally alte:-ed them. _ :·.e gneiss =tear thE" granite may 
pro;erl;; ·=e called e;ranite gneiss. G~1eissic :.e:cure and foliation trend 
nor:.:1eas~. 
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GROUND WATER J!{ '.CflE RALEIGH. ~ 

Phyllitic rocks included ~n the metavolcanic unit are ~xposed in western 
Vance County. They are primarily fine-grained greenish-gray rocks composed 
of micaceous minerals, chiefly sericite and chlorite. C~eavage, which is. 
••ell developed, strikes northeas~ and dips steeply to the nor'thwest. 

. .. 
These rocks were mapped as metavolcanic (metamorphosed fine-grained 

tuffs) because there seemed to be no defini~e contact between them and 
recognized r::let.avolcanic rocks :.::. Granville Co'..mt.? to the 1-1es:.. 

Greenst0:1e underlies a sr::a.ll area in ::.or~::~·ies:.er:l Ys.:1::e Sounty. I:. is 
a fine-g:::-a.ined dark-green roc~: composed mostly of chlori -:e, but containing 
small arr.ounts of epidote, horn=lende, :feldspar, quartz, and sericite. Cleavage 
is moderately to well-developed a:1d strikes nor~~east. A: ~~aces amygdules 
conta~n~ng feldspar and quartz are elongated in :.he dire~-:io::. of cleavage. 
Apparently the rock is a meta~orphosed ma::!.c extrusive. 

A granodiorite body, elc::.gate in a no:::-theast direc:io~, is exposed 
across western Vance County. ~he granodiorite :!.s medi~- :.c coarse-grained, 
and is composed pred·ominantly of :feldspar,- qua.r:z, and mica. Accessor;; 
minerals include sericite, muscovite, ?Yrite, mae;netite or ilmenite, and· 
e?idote (Parker, in press). :~e feldspar is chiefly albi:e~ but orthoclase 
:fe~dspar is commonly present a~ a ~inor co:lstit~er.t. Tot~ :eldspar co:1tent 
is generally 50 percent or greater. ~uartz composed 25 ~o 35 percent of the 
:::-ock as clear, gray, and rare.::: as pale bl-.....e grains. 

Phyllitic rocks of the me:.avolcanic sequence and granodiorite are inter
layered near the edge of the granodiorite body. Inclusions of phyllite occur 
in the granodiorite, but are ~ess numerous near the center of the body. 
Neither the inc'Iusions or the phyllite in the interlayered zone show evidence 
of intense dynamic or thermal ~etamorphism. At places phyllite appears to 
grade la~erally into granodio:::-ite. 

Granite underlies a small area in the southeastern par:. of the county. 
It is part of a large pluton which crops out more extensively in Franklin 
and Wake Counties •. The granite is a light-gray biotite gr~~ite, equigranular 
and medium to coarse grained. Pegmatite dikes, composed al:lost entirely of 
microcline feldspar and quartz, are associated with the granite. 

GROUND WATER 

Henderson has the only ro:L~icipal water supply in the ~ounty and it obtain~ 
its water from ponds. Most o~ the domestic supplies are obtained from wells. 
Springs are a source of water for a few .homes, and one large spring (tested· 
at 38 gpm) supplies water for a prison camp located 4 miles southeast of 
Senders on. 

~1ost domestic water supp~ies are obtained from dug o:r- ·oared wells. They 
generally range in depth fror::. 20 to 50 fee-.; and oost :;iel::. :ess than 10 gpm. 
However, a yield of 1 gpm may be adequate for domestic uses because of the 
large storage capacity of the ".Jells. Rocks of the mica g!'leiss unit and 
metavolcanic sequence are at ~osv plac~s sufficiently wea~~ered to permit 
r.onstruction of dug and bored wells to a few feet below ~he water table. 
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Because the granite and granodiorite are not as deeply ~eathered, it is more 
difficult to construct satisfactory ~ells of this nature in areas underlain 
b;;· these rocks o .-

Records of 122 ~ells in Vance County are included in the table of well 
data (table 23)o ~ecords of three springs are giv~n in table 24o Sufficient 
data ~ere collec~e5 o~ :9 d~illed ~el:s ~o compile the comparative table 
;i •:en belc~ (:able 22) o 

Map 
Unit 

Hica Gneiss 
Meta-

volcanic 
Sequence 

Granodiorite 
Granite 
All wells 

Hill 
Flat 
Slope 
Draw 

Table 22o--Summary of data on wells in Vance Co~~~Y 

Number 
of 

~ells 

32 

12 
33 
12 
89 

42 
13 
2~ 
e 

ACCORDING TO ROCK TYPE 
Average Yield (gpm) 

C.epth ?er foot 
( :eet) Range Average of well 

:.s7 1-40 10 Oo06 

::..os 3-36 12 oll 
.!.23 o5-75 11 0 09 
:.40 1-90 23 ol6 
l39 o5-90 12" ol3 

;:.CCORDmG TO TOPOGRAPHIC IbCATION 

136 1-75 12 Oo09 
2..26 1-82 8 0 06 
2.58 .5-90 14 .09 
ll2 12-35 18 .16 

Percent of 
~ells 

yielding 1 gpm 
or less 

3.1 

0 
6ol 
8.3 
4.5 

4.a 
7.7 

0 

Drilled wells i~ granite have the highest average yield (23 gpn), and 
the highes-r; average :·:.eld per foot of well (0.16 gpm per foot of well). 
Row ever, there are r.:-:~e wells in granite that ~·ield 1 gpm or less than in 
any other ~ock -:;:.-pe. .h"oout one ou~ of 10 wells in granite falls in-.:o this 
category. 

Adequate domestic s~pplies of water can be obtained from drilled wells 
at most places. Topographic features are important indicators of favorable 
ground-~ater locatic~s and can be used in selecting well sites. As is sho~n 
by table 22, wells located in dra~s have the highest average yield and 
average yield per fcot of well. Other visible features indicative of 
favorable grou::d-~a:'=~ conditions i:1c~ude quartz ·1eins, coarse-grained 
granite or pegmatite iikes, and deeply weathered areas • 

. -89 -
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GROUND WATER IN THE RALEIGH AREA 

Complete analyses of seven vater samples from ~ells in Vance County 
are given in table 25. Ground vater in Vance Count.:; is principally of the 
calci~~ and sodium-bicarbonate type. Fifty-seven 9e~~ent of the vaters 
sampled vere soft. Ground vater in Vahce Count.y is suitable for most 
domestic, municipal and industrial uses. 

A:-~alysis of one sample from granite and one fr:J:: mica gneiss indicate 
-:!:.::.~ ::'1ese rocks :;ield a vater that. is soft a11.d !:as e. lo~ ira::. :ontent. 
·,;~-:.er fro:: granodiori:.e is generally of good· quali-::: e.l~!:ough a~ places i:. 
::1a:: be r:1oderately hard to hard. The hardness of va-:e~ f~on gra!lodiori te 
:-an~ed from 14 to 138 ppm and the iron content did .:::::-: exceed 0. 24 ppm. 
Tva samples of vater from rocks of the metavolc~~~= sequence vere analyzed, 
and both vere very hard. One sample had 9.0 ppn ir~!l, but the vater is 
cor~osi ve and a large percentage of the iron probabl:: comes from corrosion 
of the pipes in the distribution system. 

- 90 -
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Figure 24.--Hap of Vance County showing locations 0f 
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I GROUND WATER IN THE RALEIGH AREA. 
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I 

Table 23.--Records of wells in Vance County 

I 
I 

'type ~~-- Doptb .Water-: Water l>r""· lieU .De~>t-b ot 11111 
!fo. :.Oeat1on .:"vner of (ttl e'teT 

-CUJ.o8 
~ae; level. 

I!PI) ~n veU (:~) (t\l Sfterta.l. (rt) rt) 

1 2 j/l.o 0111u Nil ot !anctt..n K1n1nc OrUlod 90 e 62 Oranocl1or1te ---- l3 
tovnn111e----- Colo~---

2 2 3/l.o 11iles Nil or Tuncst•n M1n1nc -do- )1 6 21 ----- --- -----

I 
Tovn..,illo--- c""P1.117---

~ 2 3/1: .. ue • W ot '!'J"gsten 111ninc --do--- 112 6 Lo --do----- -17 ------
~,..n,..ille--- l".ooopany-·-·---

i 
' 

~ ! 2i :dlcs !i o!' 1. 3. Keeton-- --do-- 60 b ----- --do----·--· -30 9 
!'ovnsv 1lle---- ' 

I 
5 ! ~ ~u.os N ot John Wilson---- -do- 99 6 eo --do---- -:o 5 

-:evn .. Ule··-·-
6 12 :nllcs N or ~s. . c • --do-- 61 6 50 --de-----·- ------ -----

I rovn..,ille--- ~orvood------
7 Ill ules ~ of -.c!o-.. 85 6 lo --do----- -I.S s. 

, To01nsville---- J. !! • Brewer----

I 
e 12 "ilu liE or woodworth C~urc.tl --do-- 60 6 LJ ----- -20 9 

. r ... nsville-----
8S 6 7i ~ 3; .. nes r:;; of Joel< Brower----- --do-- --- -do----- ------

T<>'-nsville---

·~ ! 3 3/L .. n •• 1r.': o: o. !:. !rever---- o..c-- 25 )b --- -do------- -20 -----

I 
I 

I :-cvn .. ille-----
ll ~i "'1les H ot !!ro. !:. ~. White Drilled 16e (> 15 Kic.a cnoiu -30 S• 

: ~.i~dloourG--'--

I I :2 ! 1 ~/1J :dles ~ o! :. ~- fullodc-- --do-- ~2 6 Lt. --do------ -~s 10 
~.idctlet~~-----

~3 1 ~; "'ilu lr:: c! I~. C. State Park --do-·- 100 ' e 

I 
52 :<!et.avolcan1e -Jo Si I W'1U1amsboro-- Senice----- I ~equenc:e 

lL 5 mil•• II': o~ Hu!!Nn 011 --do-- ~7 6 LO Granodiorite -12 8 
\lillbmsboro-·- Col'lp1J17----- I 

I 

I 
I 

l5 i ~ miles ~:;: or :..en Tuder----- tlrillocl !.~6 6 91 ::lrtne<'.ierite -25 7i I ~l!lli..,sboro·-
16 2! 111les NE o! !'za. Lena Thorft:ls -do-- 166 tl SJ --do------ -lo 7 

1 
Williusboro---

17 2l .. ues !': or 1\. J... Rfl!eae---- eored-- Sl 2L 51 -do----- -3S lo-
'!'~nsvillo----

1e I 2 1\!.l'!! :; o! w. .. Reese--- tlrillod us 6 90 -do----- -2e ~ 
TCIIfnsvill•---

17 l "'ile St ot ~. P.. Johnston- Bored·- Lo 2L rJo --do------- -25 -----
T"""svUlo--·-

~c '!'O'tTIOYillo·-··- !. "'· Moss---- l'rilled 61 6 --- ----- ----- 9 

I 
2l 1 3ft. .. uaa S of '=· '0. Sa..Cord-- --do--' b7 6 Lb -do------ ----- 5 

!"""sville----
22 2 .. u •• ~ ot \:. 'i. !leel------ --<1<'-- 97 6 6) -do------ -20 20'-

':!illiMsboro---

~· 2 l"il~!i !f o: R. A. Fith~r, Jr Be. rod- 36 24 '6 -do------- -~2 -----
:iilliamsl>oro---

I 
I 

24 2t !Oiles Sll of John Norwood-- Drilled 7S 6 29 --do----- -30 12 
T"""SYillo---

,, 

1

2! 01ilcs S'.l of F. ":1. Horban-- -do--- l~/\ 6 16 --<to------- -23 75 
rownoville---

26 2! "11•• 5'4 ot ;. w. Marean-- --do-- 75 6 20 ---- -Ls 9 

1 
Towr...-ille---

27 ~} 111iles N c-r . '!. Twnrlal- -do-- 116 !I 86 !1eUYOl:•n1C' -=~ 15-lS I ~ieks Cross- s•quehct 
roads--------

I 
2e li '"ilea N of L. B. Elliott- eu:- 62 J~ ----- --do---·--- ---- l-) 

!iic'ts Cross-
roads-----

~ 1 .. u. !I'• c-f !!1ck P.. -:. Satt.r- !lril1od 12) 6 Lo -~------ -~ 9 
:roasroads--- vh1te----

I )C lt .. u., s or S. 'V. Creel\·--- !lrillod 78 6 60 MetAYOltan!C -1e 36 
Hicks Crc!l,.road.s tequence 

J:. l 3/l n!l~• S of Y • .. Knott----- --do-- 7S " ---- -do------ -)5 10• 
;.tick~ ::!"onr-,aris 

I 
I 

;~ ! 2 '"iles 5 Of P!Ok! z. .. Clark·---- -""~-- - ~J - ,; 

---~~ I:~:::~::: ------ ) 
~r-:s~rc•~•---

:!~ ' .. ue !- '>f ... L. W1lU••son Do red-- l8 2l -~~ 
____ ,.._ 

"11lli0101sb.,r<>---
;_ ! !'dle sz or ':.l.rTut Merrow-- Drilled 95t 6 83 ·-do--------

__ .. ____ 
lC• 

Williar.l<!>oro--
)5 1 3/1. llilu S:!: or !'Irs. on1oi Asc:ao -- lo'O 6 _ ... ,-.. ------ 3 

\lilli..,sboro--
;? l\ "'ilos SE or T. ~. Hunt.er--- -do-- l~Si 6 52. --dQ------ ------ 2 

1/illi..,rboro--
!7 l! 01iles !: or WUl Jotrorson- --do-- lSL 6 27 --do----- -----, E!l 

\lilll01ul:oro--
3~ 2} •ilas SE or 'Thoaas Royster- --d- 2Sl 6 21! --<!o--- ----

Willl usboro---

I 
- 92 -

Topo• 
,rapey 

Drav• 

Hill-

--do-

.--do-

R.eu.r&a 

Coooii1Ded y1o ld 
nd or wel.il 2 a 

) iS IOO•'t 
l2 ·7"!-·---

---do-i••ter u :~e 
4 

t1Jles t"J.rt ld, 
----- ~nAlysis :.~ 

Mill-
~ ta~le-----· 

--do- ooorted "·~r sl~tlT hor d 
vat.er----

!I ill-

--d.o--\Ad~tCUite:;w- r.:p 
?lies 2 
:aruli!s. 
'l!'at.er :-oe.~t· •· 
tely ha:~---

Slo;>~ 

--do- i 

nat-- Mater t."Jr:ld• 

!!ill--

Slo!)e- Han' .,,~.rr 

HUl--
r~;:=:-~c:i----

--<1•-
--do-- .:.~:!1~·.:~. ~:· 

ta~l"" 
--do--
Slope Su~;>lh! S 

!u:.l:.'!s---
Ur•w 

Slope-

Hill- S11(~tl7 ~ard 
vattl" !"~;:r 
ed--····--

--do- tdec;:r.at.s:y S"J r· 
:;lie! l 
:.uU!es.--

Dr•"· 

----- .:-~ec:_u.n.e ":.r su 
,l!.~S ; 
!'a.:.!.!ies. 

!1111· :!aM. ~u.•r 
l"fi!,Ort~---

---i'>- ~l~~~!:"' ~ard 
V&t.~t' 

r~~='~--

0:111 :Ia tor co:~tai:: 
iron---

~n.1 

--;!l-- f 

--do--

--'l•·-

Slc-po 

Hill--

Slo;"t 

--'lo-

1Dc!fl'rat•:., h• rd 
od vater :'';::u~t 

rtodtratt:r h:.r 
Vltt: =-~~ort ·~ .ard ·••t•r re-
r:on~---

·~ ... 

'"!'" .... 
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COUNTY DESCRIPI'IONS 

Table 23.--Records of wells in Vance County--Continued. 

: .. ·:at1oe 

2! .. u.., ~ et 
_.!.ll!a:-1!~:-c--· 

Lo 2 :ules ;. or 
'-'1ll1a"'3boro-· 

!.;! f Ji ~il!S ;;._• :£ 
i :~~~Cl!b~o!=t-·· 

~2 ~i ,.u .. :1\( ol 
!'..iddlet~;.."'J--

liJ 3 ~i!cs ~.:.· =l 
~wto~:~;rr-

LL I < 3A :oUu )fl( or 

I 
:".!ddla~:-1--

tS 3 ,.,.u .. ·.- or 
lll.ddltb~ri·-

L6 l ]/~ ~uu • of 

I 
.~:i.d<!l&b,_, ••••• 

L7 :, ... ues !."o or 
!'!!.dd!~b-\:!"6--

!.5 i : j/i.;. l"'i:~! ~ or 
~!dd:l··=ri---·-

! 
I 

~9 1 J/~ .. u .. :! or 
~.!.ddl!:,Uf'l---

50 :-!1<1d1e1:»::y·-·-
;'l 1t .,u •• ~-::: ol 

~dlao.:rc-
S2 1/1;. ,.u .. s:: or 

. eox..:-.uy--
~3 jl 3/t l'lilts H ct. 

I
. ~k .. ~;:rr--

Sl . 2i~"Uu !rll ot 
i .~~k~:~----... 

'0: I 2t 1'111es !(tl ot 
1 -:':ot~!~~----

5~ 1'

1 

2 ~ile s ~ .. ,/ ot 
Coke sO\U")'-----

~. : li "'ilt s ii or 
e..,k'il!!::.:ry-----

:~ lt ~tl~! ':! or 
~I.I!S':''J~I·----

:~ ; l J/t -.ll•• ;;.; or 
; ~kes:J!.z:ry--·-

~ : 2! .. n •• s.: or 
I ~:l!u':ury······ 

~! . 2i ~t4e~ ~ c! 
1 ~-~~erson--·-· ,;: I :i ·~l" ~1. er 

H~Ceraon•••••• 
5) H~ndereon·--·---

1 

:J. r !-!~:'l:f':'SOn•••••••• 
~; I :: ::/'.. .. u., n ot 

! ::;,ndtreon---·--
:.o ,2. 11\!.lU S"J c! 

• ~!.~ebufl:---~ 
I . 
i 

:;1 ~ L r.l tes "l ot 
! ~~nd~racn---

.;a · z "'ll!s ~~ or 
::enderson---·-

~9 2 ;It "Illes II ot 
P.'!"rrlerson----

70 2i .. ues II ot 
~e:'llienon----· 

.. l :-!-!-!ld.trson------

I 

Type 
Ovne:r o! 

vell 

N. e. Stah Park --do-· 
Sen1ee-----

T. llunter····-· --do--

N. ~. ::tato Park -~c
Serv1ce---· 

; 
P.'!':'try \rlhite---· -ao---

F, K. ""'ito-- -de--

T0111 l/'n1t&····-· ·-do--

J. !!. :!ut!Nn·-·· PrUlod 

f. H. Spa!n······ ··clo-

~iddleb~rg Girl --dc--
s"""'t C...c>---

!l. !.. Meok1n•··- -do---

H. J. ~l.mardson -de---

J. T. SattenmUe -clo-
P. G. CUTin··- -d-

T. P. l\oa~, Jr.- --<lo-

J, T. Satterwhite -do-

w. H. Cllrrin-- !ored

RuaseU DUlard- llrilled 

F, ~. !Utneton- -do·-· 

L. c. l'llrdllt·- -de-

F .• C. Daniels-- ~rille<! 

Carey• I Chlp•l •-do--
Bapt1ft. !:burch 

J. p, Roger•-·- -do--

w. 9. Daniel, Jr. --

Oreystone Ccnereto--<lo
Prcclucts -:o..r-'"7 

netdltr Saner- ··do·-
vl\1 tt···-··-· 

flat Roclc !:)l,.rdl -<!o--

Frank Povell-- -<!-

J. c. Oa!"dner--- --do-

1'1." J, Jackoon- Dllc-, 

72 2i "1les N or R. K. '!a>'kins-- llu(-
~'f:-M•r•cn----

lloptb OiUI• ~tb 
{ft) e(;:) C:Ui£11 

(t~ 

\later Held Pnv· '1'opo· 
level ~ovn 
(tt) (epa) ft) ~rapby 

55 

166 

62 

16c 

165 

9S 

69 

31) 

2)0 
11 

120 

488 

39 

161 

90 

L08 

72 

127 

!.72 

)91 

16) 

)) 

lll> 

91 

6 

6 

6 

6 

6 

6 
6 

6 

6 

)0 

6 

1.7 ---<~----

53 -----
30 lletaYc1can1c 

ltquenc• 

35 -de·-····· 
62 .M1ca end,. 

1.0 .M1ca rnein-

16 "-de-----

l6 --do----

u -do-----

1.0 -<io--

sa -<~o---
67 --4----
JO --c~---

18 --<lc------

39 ----
19 -de----

-t.o 
-18 

~0 

-25 
:-32 

-31 

-8 

-15 

-lS 

6 LS --c~o-.:---- ----
6 Lo --- -39.20 

6 &l llica s:ne ire- -~5 

6 I.Li -do----- ··--· 

6 sa --de---- -Ll 

6 L8 -do----- -Jli 

6 1.1 ------ -8 
6 LS -do-------

6 6) --do--- -1!:1 

6 so ·-<io------ .sz 
6 1.0 -'o----- ---

21. .)) -do···-- -25 

b 22 --do--- ~0 

b 10 -do---- -27 

J6 55 lleuvolcanl ~ ·J~ 
•equence 

- 93 -

15 

7 

7 

b 

lO 

12 

)0+ 

l 

3 
9 

15 

2! 

9 

lO 

8 

6 

;o 

20 

200 

22 

lO> 

··do-• Ora~-Q..., 2!, 
feH &!ter 12 
hours o! !'WII>-

1,. n 15 '"' 
!lU1- ~U11 vater ro-

po~ec!··---
-do- Dra~d""" 24 

--<~•--

r .. t &!tar 12 
hours or 
::\:."'=!.."'& at, 
'? ;;.~----

·=l' 
--c!o Ade<:uatelr "'P

;>lies 3 
!t.:'!l!.!ies-

Drav !!1:-d. water rf!• 
portec!---

::ill- 14oo:;uate1r """ 
pl1.os trailer 
park ot 60 
-:.ra1lera. 

---

:!&..--d. vat.er 
:'"'!J'Ort.ecl···-

Slope ~ard water 
reported-

I!Ul-

FUt-· Sl16htlr han! 
water reportAd 

f!W- £dtNate4' 
su;:~;:-lie• 2 
!::tiUe-

·-do- iiater too hard 
ror dOCieat.i: 
use. ~a.t~~tr 
lnel ...asllrtd 
ll/9/61. Ol>
S'!t"Yat.ion vsll 

Slo;>o I ~~~qutel)' 
, supplies 3 
, !'L'"'Iilies 

Slo;>e...; 

-.....:.c-~ 3liil':t.!.y hard 

i 
I 

-do--; 
I 

\lla.t.if!r 

.--... ~od--

lu'"-y 
1 ~;::.~ Slithtl:r hard 

l ~:~~tec!----.do- :!ard vater 
reported--

-c.o--~"!iard vattr 
ropor~od---

Slor•· Bore<! 22 teet, 
!!oc!cntdr 
h:n:! vat"r 
r~;>crted. --

H1ll- Corro•1Y• v&ter 
ropo~ed-··-

--.:o- SlicMl:r hard 
water r•roJ"t.ed ·,--=,-- !.d:e-~at..ly 
'"P?lhs 3 r.,..u ••. 
!!ard vat.er 
nportec---

·-<lo- SlichtlT !:ard . 
v~t•r re;>ort.ed 

-do-• Sl!.&!!tl;r liard 
vu~r nporud 

--:o--

a 

-I 
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GROUND WATER m THE RALEIGH AREA 

Table 23.--Records of wells in Vance County--Continued 

···I..:. I :'io. '!.ceation 
T:rpe 
ot 

vell 

2 ""lles ~.1 or •. • .• ~f'dr>eJ<···· Drilll<l 
':..i'enderson-----

2 )/'-4 fllliles fit ot 'To~ Rld'1&rt1Son -do--
Hef\:!ers~f\-----

1 3/t. .. n .. M at ·.r z. 
;~~~!~ .. ::~~~=--! 
':I'- "':le!" S n!' I ::. 
~· -:rr:.s "'~ss-
=-~•c!-··--·----
.,..._'!'~ \f,: o! I :. • '·. 

ret.ds-----·----

•-<'o--

:,-r.,~!'.----- --co-
H•rrh ~os•- I 

·: : J ~•l~s ~;w n! ' ~arker--- -do··· 01arr1s ·~1"1!11~-
roarj, , ................... .. 

2 ll'lile s ~'it' ot 
Har!"i!' Cross-
:-cads----------

-...<fo--

:: 2lloi1es S\1 ot ~~lie Greenway -do--
. Harris Cress-

reads----------
•· \ 2: ~ll.as ! ... ClC 

;:arr!s Croas-
rea.:!!.--·--···-

=:: !..i =!.1•:! so.: cr ~.:!. Y..;,ltf':" -:. !:r.ll!~ 
!-!arrts Cross- .:,ames------· 
:"011.(1!----·----

:; !;1 "'!!.!es S", nr ... :... ".\r1t~~---- ~'\.o.r---
~at'':':O$ :rc.S!I.• 

~cacs---------

~ rr.ile s .:;,; or 
!-:3':""!"':.~ '=rG!~-
':':GO! .................... ~ 

?.. . • ~~•-····· 2orf'd-· 

:; 1 Ji -,.:.:o• :r.1 cr ::. ~ri•~~---- llug---
: T~OV\.an CTos~-

r:acs---···----:.: I 2 J,fl, mUes H':l c! r. c. "Aa.de------- --do---
1 · FJ.Dorl.an Cross-

1 

roa<Js·········· 
:; ) l"'1ll!s ~· ot" '..:. ! .. !:tl:'\"a.ll--- Borfld---

i'l~<n :rosa-
' roau!'•·--------

~1 12 ~/1. 10iles !1:1 ot : • •• O'rocn---· Dnllf'd 
rlcvta.."\ Cross-
ro:.ds------·--· 

:? :• :or.! ... , t.'U' or Oc\141&1 Sred.l:ve eu.---
- ;J.ov'un erose-

90 
roac:ss-------

2t ,.,11u li'ol or 
F]J,Vt"n Cross-
road!'---------

2i '"11•o N"< cr 
Fla.Jt.~n ':ross-
roatt:-------·--

.!. 1. Wre~, ••do·-· 
::.State------.--

J, c. C.p;s·-·· -do--

~2 2! "'11-e'~~ \·! a! · ~P. John ~.itc:he Drilled 
rJ&vton Croso 
ro~U .. s-------

?3 2 111iles W ot !.. :. ~lo•e-- --do--
Flcvtan Croa•-
roads------

;:~ 1 ..Uo !r!: ot :.O.l.J> eoven--- !!ored-
r~-.;tan Cross-
reads-------

?~ 2i 101\es K o! ::. 10, !4<:':rackon Drillecl 

)9 

Flovtan Crou-
roattll------

1) •ilea SWot 
Durpond--

1; ,.uu s cr 
Oear"':'C'nd-·----

l ,u. 5 or 
.?earrond~--

; .. u. N or 
Bearponcl····-· 

!Ira, Non t. ~•u 1llocl 

r . .A • .StaYe, Jr. -do-

~.r!ll. T. P. --<io--
.:Stevart-------

Vane~ Tr•ckinc -do-
~~anr-----

100 i lll11o N ot Vance TNck!"C -clo·-
eearponcl·····- ::,..;cll)•·-----

:cl Bearponcl-····- l!rs. w, I. ~•rril --do--

~;)h ~~~-I .~~= 
,( ... ) . ~) 

··~e.:'teui::.;' 
::a~erie.l 

·. 

.;:1 Metavolc•nic I -:3 ! 
:o Cr=~~~~~;~t • -----~ 
z~ --c~--------1 -<9 \ 

I ' i ; 
:~ ~-~"c········' ... I:;.;~ 

--~·-0<········ 

U?i! C>l 

j ~ l 
"5 j :'etov'~~:~~= I ; ... ~ ... :.·,·: -c:c . I 

I 

i 
:,n ~':"':"'::':'C~:r1t.!- -.':.0 ! 

I : 
I 
I 

I C>l 

'" ! :!. ! 
31 --e········ i ---~~ ! 
;c --ao---·--·· f ........ 1 

l 
• I . ! 

L7 

)1 

25 

l20 

c• 
·' 

J7 

:U.1 

139 

202 

lLO 

75 

51 

I 

.; i ----- -<C'--···--- , ................ ! 

1 
I 
I 

!..ol----·
i 

--ti:-------- : ...... ! 
~~ 1-~·~-------- i------ ~--~-- i 

I ! ! ! 
i • 

' I - • . 

361 -···· :r:~r- •• :·~tc! ······i ······j 
. j I 

I.C -···· ··dc---····i ...... i ······! 
~·. I ! I . , ··o.ic·······-~----·-~·-···· 

j-" --co--·····1 ..... l !:•! 
--Co--··-·-·J ............ _j ................. ! : I 

36 ---- -do------1 -~" I 
6 

6 

30 

6 

.-~~.;. _____ 1 -15 

95 -de-------- L ....• 
i I 

' I 
21 --co--------!-----~ 

37 !!ica r.:oiu -l2 

22 !iet&-:c!.e&n1c 
seq ... ence 

I 
-7: 

1C 

6 --- Cranih······j······ .1~20 

6 lO ·-do-······-, •••··• ~ .) ; 

6 

:I 
<C ·-do·-······-1-----·!---··· i . ' .• ·-do---····1-~ .10 

L5 -do·····-

23} -<o------ . --

1 

6, 

5 

- 94 -

1
: :r.,w--, ~·~ """ ~r 

""'"'::-.rt.'!"!:--·-

1 !!Ul·-~ 
1 Slo~e·- A~a.L..,s:s :.n I . ~-~!e- ... ----

1 :·•"":·., ..... _ ;..:e• .:,;t!' s.;.=.,l...v ' . :· --=-· -,.j 

. : ~:··.·. ··----
; :.. ....... ---

--cc---

I 

: •t-C'J•;l~~-:: 

~·.;.!"~i.:.~s : 
:· :.-:;.~:..'!! ............ 

:--'it····.-..:...;:-:~ ....... ~~ 
j .,.,.r 
i .i~~·?e- . ;;. ~:~~~~f-;.;;~ .. 
i • J.r.•r 
; -·~-:& ·-··--
--~~·-

; --:!'-- -·.:.;. .... :.•:· 
I ••: .:: ~ .. ~---

;
!_ ·,.·:.1'-- . • .;.;!rli:.e:.t :-:~:r-d 

,•-z; .... . :t~-

~ ... :.;-~ .... !~ .. .;v .. ·: 

,-..,:~---: : '~~"~~~~---
! 3i:;:•-
l 

II :::..:.J-- ~ .:~·<;"-"••:: 
s<Jppl•es 
: ..r.aili.."'s---

l :"!.-t--- .~'::.e:-tt.e.l."~' 

1 ~arc! '"•:.~r 
I ~lc.r:t !"~p-,~· .. :---

--c.:.-- . ::.:-: ""''-C':" 
~o!~-<:1 : ... :----

--rr- I 

1
--ctc:-- ! :..:~eovttz. .. y 511;:'

! -:!.a! t 
~":"-\t~. 

.:::r1ys1 r 1~ 

~:cole-----

Fl•~-- i ;.~·~u.lt.tly 
i ~Jr;-'~l ies 2 
! ~J"'il:o!~---

~::;!-· -==~~ ~ ··-·t. 
·~l.:~t .. - -:r:" 

··~----·-·-··-

-·~n.rPa 

::./9/.,1. 

i -·ll--------
--co---! ::::-: va 1-tr 

--ao--1 

..... 
. .. ~ 
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COUNTY DESCRIPTIONS 

Table 23.--Records of ~ells in Vance County--Continued 

!C6 

:o1 

:oe 

no. 
ll1 

!Qcat.ic: 
'!7l>e 
ot •. 

wll 

. i 
He&'IC.I!r~on--- ... --1 ?i!?Sl Cola 

I 

·-do--- ' 
' . $t t.lin& Cc!'!'t--
1 ;:L~Y-----

Henders.::r.··--··- J ;. s. Mit'k!···-· -....clo-
: tt~iles ~::: cf i :. i. Lassiter• !ort<t--

:;·~rre~c------ ~ I 
i I 

t ! 'lli.:t :i !!'~ 
i .=t:!.:~:-g----·--. 

I ! .. ue :1!': oC ! I . .:aut..~~:------~ 
=!. •. ... . .;::!.: I :r!.!!!'f! I 

I '· '· ,~,~·~ -I 
j/L ml~•• s e! li, ~. s .. it~---- Dulled,. 

Cillourg------

lt 111iles S! c! I s. ;; . Sattervll1te llrilled II 
C!l!~:ag--···-

! I I 
1; ='l!let :5! o! 
~ill~;---···· 

1; l'.ilos !I! o! 
OUlh>rs------

2i Milos !U '!! 
~k.etbur,.-·-----

3 111.ilet ! c! 
C1ll'curc-----

::. ~. !!ovm•n----- --de--

Allison A, -a-
"i' aulkner-----

S. T. franJrJ.in- Bored 

T. H. W1ldon, Sr, Crill«! 

llJ 1! .. u .. ii c! 
:let'bitt----

114 2! 11\UI 1 S o! 

J. It, Spenser, J -d 

a.rk1r "7M·-·-- Bond- I 
IUttroll---

U~ t .. ue !It o! 
Kittrou----

llb K1ttr•ll-------- A. L, Overton-- -a-
117 i !".ilt ~..: c! !:1ttt"ell College -do-

i:!ttroll----~ 
116 11 lftiliS S c! :o!rs, A. ' -do--

F~an ~.. ·:a:>dvkl--···-

ll91 ~· ~~=-S~·;;:··- 1: C. T. Bru.'llllitt-!..-do-- 1~ 

! 
K!t:roll----- ·, 1 ! 

i i 
' I I ! 
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Spring 
Number 

'!'able 24. --Records oi' springs l11 Vu11ce CuunLy 

Yield Chief 
Location Owner (gpm) Aquifer Topoeruphy 

1/2 mile S of 
Gillburg-------

N. C. State 38 Granite Draw--------
Prison De
partment-----

1/2 mile SW of B. B. Ayscue---
Flovtan Cross-
roads----------

1-1/2 miles SW. of William M'-'SS--
Kittrell-------

1-3 

Mica 
gneiss 

--do--

--do--------

--do--------

'Rt ·ds= 

Remarkn 

svrinc l'ed l'rorn·rructures 
in granite. Yield has 
been meanured at 38 gpm 
and is the only water 
stipply for prison camp-----

Water i·ssues from fracture 
opening in biotite gneiss. 
Temp. 59°F-----------------

Seep area developed by exca
vating to rock and install
ing terra cotta pipe 
reservoir. W~ter obtained 
from biotite [jlleiss 
saproll.t.e overJyinG hu1·d 
rock-----------------------

!L :iifr~ ·"-SM · •'th't ;a ,... __ 'J~:.r.··,....;·•""'·rt ............ ..__. __ .-_~ __ .. _ ..... lil'B: 
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•rable ~!!j. --Ciletnlcal anulyses of ~round water from Vance County. (numbers at 
heads of columns t.:orrespond to well numbers in table 23.) 

{Part·· per million) •> 

6 19 75 95 lOB lll 

Date Qf Collection 2/6/63 . 2/13/62 2/13/62 2/13/62 2/13/62 2/13/62 

Silica (Si02) 38 31. 40 32 20 23 

Aluminum (Al) .0 .1 .o .0 .o .0 

Iron (Fe) .03 .1.7 .08 .OS . 24 .09 

Manganese (Mn) .00 .00 .00 .04 .00 .00 

Calcium (ca) 3.8 14 34 51 5.4 3.2 

Magnesium (Mg) 1.1 • 7 13 8.1 .9 1.1 

Sodium (Na) 6.7 4.4 48 10 9.2 7.6 

Potassium (K) .3 .6 4.0 5.2 .1.6 1.5 

Lithium (Li) .o .0 .o .0 .0 .o 
Bicarbonate (HC03) 26 37 126 203 10 18 

Sulfate (so.d ~.?. '1. G 22 6.4 1.0 s.o 
Chlol'lue (G.L) <1. 0 :!. 0 G6 6.6 5.G 4.6 

Fluoride (F) .l .l .2 .1 .1 .o 
Nitrate (N03) 1.8 4.0 18 2.6 24 5.5 

Phosphate (P04) .2 .7 .8 .3 .2 .1 

Dissolved Solid:; 71 00 308 222 74 61 

Hardness as CaC03 1•1 38 138 162 17 12 

Noncarbonate 0 7 35 0 9 0 

Specific Conductance 58 110 537 357 96 69 

pH 6.5 7.3 6.6 7.2 6.1 6.2 

Color 5 15 5 3 3 3 

Map Hnit Granodio- Granocli.o- Granodio- Meta- Granite Mica 
J'i Le rite volcani.c 

122 

2/13/62 

24 

.0 

u.o 
.03 

63 

32 

10 

].9 

.0 

31:5 

3:S 

'/. '1 

.2 

.3 

• 2 

32() 

280 

31 

540 

G.'l 
., 

M~ta-

voJ t:anic rite gneiss ..__ 

I 

•. 

-·· 
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R. Allan Freeze 
Department of Geological Sciences 

University of British Columbia 
Vancouver, British Columbia 

John A. Cherry 
Department of Earth Sciences 

University of Waterloo 
Waterloo, Ontario 

OROUNDWATBR 
Prentice-Hell, lne. 

Englewood Cliffs, N- Jll'MY 07632 



Teble 2.2 Renge of Velu•• of Hydreullc Conductivity 
•nd Permeebllity 

Rocks Unconsolldote~ 1r 1r K K K 
----~f--oe_P_o_s_'1_5__ {dorcyl {cm2) {cmls) (m/s) (qol/doy/1121 

10 to-r 

.. 
102 10"6 

10 

to-• 10-9 10 ... 

to-" 

10-7 

Teble 2.3 Convenlon Fectora for Permeeblllty 
end Hydreullc Conductivity Unlta 

- ' 

10 

to-• 

to-2 

to·• 

Hydraulic conductivity. I( 

em' 

,;m: I 
ft! 9.29 X JQ2 
Ju~· 9.87 x IQ-t 
m i 1.02 x JQ-J 
r. ' 3.11 x 10-• 
I s rat dav ft! 5.42 ;~ to-• o 

ftl 

1.08 X IQ-J 
t 

1.06 X tQ-It 

t.to x to-• 
l.JS X to-! 
5.83 X IO-IJ 

darcv 

1.01 l'. 101 
9.42 :< 1010 

l 
1.04 X IQS 

J.l.S x to• 
S.49 X I0-2 

"To obraan k an ft1, multiply kin cml by 1.08 x 10-s. 

m/1 

9:80 -~ 102 
9.11 =~ 10' 
9.66 Y. 10-• 

t 
J.OS X I0-1 
4.72 ;< IQ-! . 

ft/1 

3.2.2 X IOJ 
2.99 X IQI 

J.17 X lO-t 
3.21 
I 

I • .S.S x 1o-• 

u.s. 911/day/ltl 

1.85 X 10' 
1.71 X IQIZ 
1.81 X 101 

l.Jl X 101 

6.~ X tO' 
I 
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consists mainly of decomposed rock. Most of the areas 
are graded, leveled, and seeded with grass. "Fhe areas 
range from 5 to about 40 acres. 

These borrow areas support sparse plant growth. A 
few areas are naturally reseeded in wild grasses, weeds,· 
and shortleaf and Virginia pines. Potential is low for plant 
growth because of low available water capacity and · 
erodibility. 
, Included with this soil in mapping are small, relatively 

undisturbed areas that still contain the clayey subsoil 
and part of the loamy topsoil. 

The potential of Pits for urban development is variable. 
Many areas are graded to the level of an adjoining 
roadway and have high potential for industrial or 
commercial development. Some areas are cut below the 
remaining original ground level and have low potential for 
urban development. 

Recommendations for reclamation and use of these 
areas require onsite investigation. 

These Pits are not assigned to a capability subclass or 
woodland group. 

TaE-Tatum slit loam, 15 to 30 percent slopes. This 
well drained soil is on side slopes adjacent to some of 
the major drainageways, mainly in the northwestern part · 
of the county. The mapped areas are commonly narrow 
and oblong and irregular in width. The areas range fron:a 
4 to about 75 acres, but areas of 10 to 30 acres are 
most common. . 

Typically, the surface layer is dark brown silt loam 1 
inch thick. The subsurface layer is brown silt loam 4 
inches thick. The subsoil is 30 inches thick. The upper 
part of the subsoil is red silty clay, and the lower part is 
red silty clay lo~m. The underlying material to a depth of 
50 inches is mottled red, yellowish red, pink, and 
yellowish brown silt loam. 

The organic matter content of the surface layer is low.· 
Permeability is moderate, available water capacity Is 
medium, and shrink-swell potential is moderate. The 
subsoil is very strongly acid or strongly acid. Depth to 
bedrock ranges from 40 to more than 60 Inches. The 
seasonal high water table is below 6 feet. 

Included with this soil in mapping are small areas . 
where the slopes are either less than 15 percent or 
slightly more than 30 percent. Georgeville and Nason 
soils are in areas where the slope is less than 15 
percent, and the Goldston soils are where the slope is 
greater than 30 percent. 

Most areas of this Tatum soil are in woodland and 
pasture. 

This soil has low potential for row crops, hay, and 
pasture forages. 

This soil.has moderately high potential for broad
leaved and needle-leaved trees. The dominant trees are 
yellow-poplar, hickory, maple, beech, chestnut oaks, 
loblolly pine, shortleaf pine, and Virginia pine. The main 
understory Includes dogwood, redbud, holly, and 
sassafras. Slope Is the main limitation for woodland use 
and management. 

.II l 

Soil SUI'\ 

Potential is low for most urban and recreational uses 
because of slope. Erosion is a hazard when the 
vegetative cover Is removed. 

This Tatum soil is in capability subclass IVe and in 
woodland group 3r. 

· UL-Udorthents. This map unit consists of areas · 
where soil has been altered by sanitary landfill 
operations. These are excavated areas consisting of 

·deeply graded trenches that are backfilled with alterna1 
layers of solid refuse and soil material. A cover of 2 to 
feet of soil Is on the surface. After the final cover is 

. added, the surface ranges from nearly level to gently 
sloping. About 100 acres are mapped in the county. Tt 
composition of this unit is more variable than that of 
others in the county, but it has been controlled well 
enough to be interpreted for the expected use of the 
soils. 

Included in areas of this unit In mapping are small 
areas of undisturbed soil. 

These areas have low potential for plant growth. Mo 
areas are seeded to grass or are planted to trees. 
Available water capacity is generally low. The erosion 
hazard is severe. Permanent vegetative cover Is 
essential to protect these areas from erosion. 

· These areas are unsuitable for most building purpost 
because of subsidence and the danger of hazardous 
methane gas, which is produced by.refuse in the landfi 

Recommendations for use and management require 
onsite investigation. 

This unit is not assigned to a capability subclass or 
woodland group. 

VaS-Vance sandy loam, 2 to 8 percent slopes~ 
This well drained soil is on smooth ridges. Typically, 
areas are irregular in shape and range from 1 0 to 40 
acres. The largest area, about 600 acres, is in the 
vicinity of Dabney. 

Typically, the surface layer is yellowish brown sandy 
loam 6 Inches thick. The subsoil is 32 inches thick. Th1 
upper part of the subsoil is yellowish red clay, and the 
lower part is yellowish red clay loam. The underlying 
material to a depth of 72 inches is reddish yellow 
saprolite that crushes to sandy clay loam in the upper 
part and yellow sandy loam in the lower part. 

The organic matter content of the surface layer is lo· 
Permeability is slow, available water capacity is mediur 
and shrink-swell potential is moderate. The subsoil is 
very strongly acid or strongly acid. Depth to bedrock is 
more than 60 inches. The seasonal high water table is 
below 6 feet. · 

Included with ~his soil in mapping are a few small 
areas of soils that have a clay loam surface layer and 
areas where slopes are slightly greater than 6 percent. 
.Also included in the large units are the less firm Applin 
soils and the wetter Helena soils at the heads of and 
along the small dralnageways. Wedowee soils· are 
common on the included slopes that exceed 8 percen' 
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823t-32 to 40 inches; brownish yellow (1 OYR !5/6) clay 
loam; common medium distinct light yellowish brown 
(2.SY 6/4) and common medium prominent 
yellowish red (5YR 5/8) mottles; moderate medium 
subangular blocky structure; friable, slightly sticky 
and slightly plastic; few fine quartz pebbles; 
common distinct clay films on faces of peds; ·very 
strongly acid; gradual wavy boundary. 

824t-40 to 49 inches; mottled strong brown (7.5YR 5/ 
6), red (2.5YR 4/6), light yellowish brown (2.5Y 6/4), 
and light brownish gray (2.5Y 6/2) sandy clay loam; 
moderate medium subangular blocky structure; 
friable, slightly sticky and slightly plastic; few fine 
quartz pebbles; very strongly acid; gradual wavy · 
boundary. 

83-49 to 62 inches; mottled strong brown (7.5YR 5/6), 
red (2.5YR 4/6), pale yellow (2.5Y 8/4), and white 
(2.5Y 8/2) sandy loam; platy parting to weak 
medium subangular blocky structure; friable; few fine . 
quartz pebbles; few bodies of sandy clay loam; few 
fine flakes of mica; about 50 percent saprolite; very 
strongly acid. 

Thickness of the loamy Bt horizon ranges from 24 to 
48 inches or more. Bedrock is below 60 Inches. The 
subsoil is very strongly acid or strongly acid. Coarse 
fragments range from 0 to 5 percent throughout. 

The Ap or A 1 horizon has hue of 1 OYR, value of 4 or 
5, and chroma of 2 or 3. The A2 horizon has hue of 
10YR, value of 6 or 7, and chroma of 2 to 4. 

The Bt horizon has hue of 7.5YR or 10YR, value of 5 
or 6, and chroma of 4 to e. Faint to prominent red, 
brown, and gray mottles are in the lower 8 horizon of -

· some pedons. This horizon is sandy clay loam or clay 
loam. 

The 83 horizon is mottled red, strong brown, pale 
yellow, or white. This horizon is sandy clay loam or 
sandy loam. Gray mottles are common in some pedons. 
The 83 horizon contains some saprolite in most pedons. 

Soil surve 

and medium roots; few medium quartz pebbles; 
medium acid; abrupt smooth boundary. 

A21-1 to 5 inches; brown (7.5YR 5/4) silt loam; weak 
fine and medium granular structure; very friable; 
many fine, medium, and large roots; few medium 
quartz pebbl~s; medium acid; abrupt smooth 
boundary. 

81-5 to 7 inches; strong brown (7.5YR 5/8) silty clay 
loam; weak medium subangular blocky structure; 
friable, sticky and slightly plastic; many fine and 
mediurri roots; many fine and medium pores; 
strongly acid; clear smooth boundary. · 

821t-7 to 30 inches; red (2.5YR 4/8) silty clay; 
moderate medium subangular blocky structure; firm, 
sticky and plastic; few fine roots; common fine and 
medium pores; thin distinct continuous clay films on 
faces of peds; strongly acid; gradual wavy boundary. 

822t~30 to 50 inches; red (2.5YR 4/8) silty clay; few· 
_fine distinct strong brown mottles; moderate medium 
subangular blocky structure; firm, sticky and plastic; 
common fine and medium pores; thin distinct 
continuous clay films on faces of peds; strongly 
acid; diffuse irregular boundary. 

83-50 to 65 inches; red (2.5YR 5/8) silty clay loam; few · 
medium faint reddish yellow (5YR 6/8) mottles 
which increase with depth, few fine prominent white 
mottles; weak medium subangular blocky structure; 
friable, sticky and plastic; common fine and medium 
pores; thin patchy clay films on faces of peds; 
strongly acid; diffuse irregular boundary. 

C-65 to 78 inches; red (2.5YR 5/8) saprolite of slate 
that crushes to loam; many medium distinct 
brownish yellow (10YR 6/8) and common fine pink· 
mottles; weak coarse platy structure; very friable, 
slightly sticky and slightly plastic; common fine 
pores; strongly acid. 

The clayey Bt horizon ranges from 24 to 48 inches in 
thickness. Depth to bedrock is more than 60 inches. 
Coarse fragments range from 0 to 15 percent in the 

Georgevllle series surface layer. The subsoil is very strongly acid or . 
strongly acid. 

The Georgeville series consists of well drained, The A horizon has hue of 7.5YR and 10YR, value of 4 
moderately permeable soils on the Piedmont Upland. or 5, and chroma of 2 to 4. The A2 horizon, where 
These soils formed In residuum weathered from fine present, has hue of 7.5YR and 10YR, value of 5 or 6, 
grained rocks, such as slate and phyllite. They are on and chroma of 3 or 4. 
broad ridgetops and sides of ridges. Slopes range from 2 ·The 81 horizon has hue of 7.5YR and 5YR, value of 4 
to 15 percent. or 5, and chroma of 4 to 8. 

A typical pedon of Georgeville silt loam, 2 to 8 percent The 82t horizon has hue of 10R and 2.5YR, value of 4 
slopes, 9 miles north on North Carolina Highway 39 from · _ ... or 5, and .chroma of 6 to 8. This horizon is silty clay or 
U.S. Highway 158 Bypass at Henderson, 3 miles · · ·· · · clay. The 83 horizon is silty clay loam or silt loam. 

. northwest on State Road 1342 to Marrows Chapel, and The C horizon is red or brownish yellow saprolite of 
50 feet north of State Road 1342 in woods: slate that crushes to silt loam or loam. · 

02-1/2 inch to 0; partly decomposed leaves and 
woods litter •. · 

A 1-0 to 1 inch; brown (1 OYR 5/3) silt loam; weak 
medium granular structure; very friable; many fine · 

L' I 

Goldston series 

The Goldston series consists of shallow, well drained, 
moderately rapidly permeable soils on the Piedmont 

! ': ,., .. 
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82t-10 to 24 inches; strong brown (7.5VR 5/8) silty 
clay loam; common medium distinct yellowish red 
(SVR 5/8) and common medium distinct yellow 
(1 OVA 7/6) mottles; moderate medium subangular 
blocky structure; ·friable, few fine roots; many fine 
pores; common dark streaks; very strongly acid; 
gradual wavy boundary. 

83-24 to 32 inches; strong brown (7.5VR 5/8) silt loam; 
common medium distinct yellowish red (5VR 5/8) 
and common medium distinct yellow (1 OVA 7/6) 
mottles; weak medium subangular blocky structure; 
friable; common dark streaks; 20 percent sericitic 
·schist saprolite; strongly acid; gradual wavy 
boundary. 

C1-32 to 48 inches; strong brown (7.5VR 5/8) sericitic 
schist saprolite that crushes to silt loam; m.assive; 
friable; common streaks of dark and light colored 
minerals; medium acid; gradual wavy boundary. 

Cr-48 to 60 inches; strong brown (7.5VR 5/8) sericitic 
schist saprolite that crushes to silt loam; common 
fine distinct very pale brown mottles; massive; 
friable; medium acid. 

The 8t horizon ranges from 10 to 24 inches in 
thickness. Depth to bedrock ranges from 40 to 60 
inches. The surface horizon contains 15 to 20 percent 
coarse fragments of weathered slate schist or quartz 
gravel. The subsoil is· very strongly acid or strongly acid. 

The Ap or A1 horizon has hue of 10VR, value of 4 or 
5, and chroma of 2 to 4. The A2 horizon, where present, 
has hue of 1 OVA, value of 5 to 7, and chroma of 3 or 4. 

The 81 horizon has hue of 7.5VR or 10VR, value of 5 
or 6, and chroma of 4 to 6. This horizon is silt loam or 
silty ·clay loam. 

The 82t horizon has hue of 5VR or 7.5VR, value of 4 
or 5, and chroma of 6 to 8. This horizon Is silty clay, 
clay, or silty clay loam. The 83 horizon, where present, 
has hue of 2.5VR or 7.5VR, value of 5 or 6, and chroma 
of 6 or 8, or it is mottled. This 83 horizon is silt loam or 
silty clay loam. 

The C horizon is strong brown, yellowish red, or 
brownish yellow, or mottled saprolite that crushes to silt 
loam or very fine sandy loam. This horizon contains few 
to many fragments of slate or schist. 

Pacolet series 
The Pacolet series consists of well drained, 

moderately permeable soils on the Piedmont Upland. 
These soils formed under forest vegetation in residuum 
weathered from acid crystalline rock. Slopes range from 
15 to 40 perce11t. 

Typical pedon of Pacolet sandy loam, 15 to 40 percent 
slopes, 9.6 miles north on North Carolina Highway 39 
from intersection of North Carolina Highway 39 and 1-85, 
to State Road 1342, 1.5 miles on State Road 1342 to 
Coon Creek Farm, follow farm road 1.3 miles and 300 
feet east In woods: 

• 1 

Soils 

01-2 inches to 0; partly decomposed leaves and 
hardwood litter. 

A1-0 to 5 inches; dark grayish brown (10VR 4/2) S< 
loam; weak fine granular structure; very friable; 
many fine and medium roots; medium acid; abru 
smooth boundary. 

81-5 to 7 inches; yellowish red (SVR 4/6) clay loarr 
weak medium subangular blocky structure; friabl· 

.. - · few fine and medium roots; medium acid; abrupt 
smooth boundary. . 

82t-7 to 19 inches; red (2.5VR 4/6) clay; moderate 
medium subangular blocky structure; firm, sticky 
plastic; many fine and medium roots; thin distinct 
patchy clay films on faces of peds; few fine flake 
mica; strongly acid; clear wavy boundary. 

83-19 to 27 .inches; yellowish red (SVR 5/8) loam; f 
medium distinct strong brown (7 .SVR 5/6) mottle 
weak medium subangular blocky structure; friable 
few fine and medium roots; few fine flakes of mic 
strongly acid; gradual wavy boundary. 

C1-27 to 52 inches; yellowish red (SVR 5/8) saprolil 
that crushes to sandy loam; common red, brown, 
and white mottles; massive; very friable; few fine 
flakes of mica; strongly acid; gradual wavy bound 

C2-52 to 60 inches; brownish yellow (1 OVA 6/6) 
saprolite that crushes to sandy loam; common wl 
and yellowish streaks; massive; very friable; stron 
acid. 

Thickness of the clayey 8t horizon ranges from 12 t 
20 inches. Depth to bedrock is more than 60 inches. -
subsoil ranges from very strongly acid to medium acid 
Few to common flakes of mica are in most pedons. 

The Ap or A1 horizon has hue of 10VR, 7.5VR, and 
SVR; value of 4 or 5; and chroma of 2 or 3. The A2 
horizon, where present, has hue of 7.5VR or 1 OVA, 
value of 5 or 6, and chroma of 3 or 4. 

The 81 horizon, where present, has hue of 2.5VR o 
5VR, value of 4 or 5, and chroma of 6 to 8. The 81 
horizon is clay loam or sandy clay loam. . 

The 82t horizon has hue of 2.5VR or 1 OR, value of 
or 5, and chroma of 6 to 8. This horizon Is clay loam c 
clay. The 83 horizon has hue of 2.5VR or 5VR, value, 

-4 or 5, and chroma of 6 or 8, or contains pinkish or 
brownish mottles or minerals. The 83 horizon is sandy 
clay loam or loam. 

The C horizon is yellowish red, red, or brownish 
yellow, or mottled brown, strong brown, pink, or light re 
saprolite that. crushes to loam or sandy loam. 

Tatum series · • 

The Tatum series consists of well drained, moderate 
permeable soils on the Piedmont Upland. These soils 
formed in residuum weathered from sericitic schist. 
Slopes range from 15 to 30 percent 

· Typical pedon of Tatum silt loam, 15 to 30 percent 
slopes, 9 miles north of the intersection of U.S. Highwc 

·,·i' 



I 
Vance. County, North Carolina 

I 
158 and North Carolina Highway 39 in Henderson, 3 

l es northwest on State Road 1342 to Marrows Chapel 
urch, and 200 yards north of church in woods: 

01-1 inch to 0; partly decomposed leaves and forest· 

'

litter. · · 
-0 to 1 inch; dafk brown (1 OVA 4/3) silt loam; 

moderate medium and fine granular structure; very 
friable; many fine and medium roots; common fine 

I . and medium quartz pebbles; strongly acid; abrupt 
smooth boundary. 

A2-1 to 5 inches; brown (10VA 5/3) silt loam; weak 

I 
medium granular structure; very friable; many fine 
and medium roots; common fine and medium quartz 
pebbles; strongly acid; clear wavy boundary. 

821 t-5 to 20 inches; red (2.5VR 4/8) silty clay; 

I 
moderate medium and fine subangular blocky 

. structure; firm, sticky and plastic; few fine and 
medium roots; common fine and medium pores; thin 
continuous clay films on faces of peds and in pores; 

I. few fine flakes of mica; strongly acid; gradual wavy
boundary. 

2t-20 to 28 inches; red (2.5VA 4/8) silty clay; few 
fine prominent brownish yellow mottles and few fine 

I reddish yellow mottles; moderate medium and fine 
· subangular blocky structure; firm, sticky and plastic; 

few fine and medium roots; common fine and 
medium pores; thin continuous clay films on faces of 

I peds; few fine flakes of mica; strongly acid; gradual 
' wavy boundary. · 

83-28 to 35 inches; red (2.5VR 4/8) silty clay loam, 
with pockets of clay; common fine qistinct strong 

I brown mottles and few fine distinct pink mottles; 
weak medium subangular blocky structure; friable, 
slightly sticky and slightly plastic; common fine 

I
. flakes of mica; few fine white schist and quartz 

fragments; common fragments of saprolite; strongly 
acid; gradual wavy boundary. 

C-35 to 50 inches; mottled red (2.5VR 4/6) (10R 4/6), 

I 
yellowish red (5VR 5/8), pink (5VR 7/3), and -·· 

. yellowish brown (1 OVA 5/8) saprolite that crushes to 
silt loam; massive; very friable; few fine flakes of 
mica; strongly acid. 

t 50 to 54 inches; moderately hard red, yellowish red, 
pink, and yellowish brown slate saprolite that is 
difficult to cut with an auger; strongly acid. 

49 

clay. The 83 horizon is similar in color to the 82t 
··horizon, or mottled with brownish yellow, strong brown, 

or pink in some pedons. This 83 horizon is silty clay 
loam or silt loam. 

. The C horizon is red, yellowish red, pink, and yellowish 
brown saprolite that crushes to silt loam or very fine 
sandy loam. · 

Vance series 
The Vance series consists of well drained, slowly 

permeable soils on the Piedmont Upland. These soils 
formed in residuum weathered from acid crystalline rock. 
They are on ridges and sides of ridges. Slopes range 
from 2 to 8 percent. 

Typical pedon of Vance sandy loam, 2 to 8 percent 
slopes, 2.2 miles north on Satterwhite Point Road from 
overpass of 1-85 and in field 50 feet west of road: 

Ap-0 to 8 inches; yellowish brown (10VR 5/4) sandy 
loam, weak medium granular structure; very friable; 
common fine roots; medium acid; abrupt smooth 
boundary. 

B2t-8 to 22 inches; yellowish red (5VR 5/8) clay; few 
· fine distinct red and yellow mottles; strong coarse 
and medium subangular and angular blocky 
structure; very firm, very sticky and very plastic; 
common fine roots between peds; few fine pores; 
thin distinct continuous clay films on faces of peds 
and old root channels; common fine flakes of mica 
and grains of feldspar; strongly acid; grB:dual wavy 
boundary. 

83-22 to 40 inches; yellowish red (5VR 5/8) clay loam 
that has common coarse peds of very firm,. very 
plastic, red (2.5VR 4/8) clay; massive parting to 
weak medium subangular blocky structure; friable, 
slightly sticky and slightly plastic; thin distinct 
continuous clay films on faces of peds; common fine 
flakes of mica and many grains of feldspar; very 
strongly acid; gradual wavy boundary . 

C-40 to 72 inches; reddish yellow (5VR 6/8) saprolite 
that crushes to sandy clay loam; many coarse 
distinct red (2.5VR 4/8) mottles; massive; very 
friable; common fine flakes of mica and many grains 
of feldspar; very strongly acid. 

R-54 inches; hard slate rock. The clayey Bt horizon ranges from 10 to 18 inches in 

'

.hickness of the clayey Bt horizon ranges from 1 o to thickness. Depth to bedrock is more than 60 inches. The 
inches. Depth to bedrock ranges from 40 to 60 subsoil is very strongly acid or strongly acid. Fine to 

inches. The subsoil is very strongly acid or strongly acid. medium coarse fragments range from 0 to 5 percent in 

l rse fragments of gravel size range from 2 to 10 the surface layers. 
cent in the surface horizon. Few to common flakes The Ap or A 1 horizon has hue of 1 OVA, value of 4 to 
mica are present in most pedons. . . ... . .. 6, and chroma of 2 to 4 . 

. The Ap or A1 horizon has hue of 10VR, value of 4 or.. The B2t horizon has hue of 5VR, 7.5VR, or 10VR; 

l nd chroma of 2 to 4. The A2 horizon, where present, value of 4 or 5; and chroma of 6 to 8. This horizon is 
hue of 10VR, value of 5 or 6, and chroma of 3 or 4. clay, sandy clay, or clay loam. The 83 horizon is similar 

:The B2t horizon has hue-of 2.5VA or 10A, value of 4 · in color to the 82t horizon or mottled with red, and 15, and chroma of 6 or 8. This horizon is silty clay or texture is sandy clay loam, loam, or clay loam. Distinct to 
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TO: 

FROM: 

RE: 

September 16, 1991 

Technical Staff 

Pat DeRosa~ 
US Census Bureau 1990 Population Data 
Persons Per Household by County 
Persons Per Household by Town 
Total Population by County 
Total Population by ·Town 

Reference 19 

Please find attached the subject population data which I recently received from the 
US Census Bureau. Please note that the Persons Per Household by County data which I 
distributed in June has not been revised and is still accurate as included here. I have also 
included the remainder of Table 6 which lists information on Persons Per Household by 
Town, and Table 5 which lists Total Population Values for each County or Town. Please 
let me know if you have any questions about using this data or if you require additional 
census data. 

Attachments 
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T~ble 6. Household, Family, and Group Quarters Characteristics: 1990 .:..eon. 
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GREENHORNE & O'MARA, INC. 
ENGINEERS • ARCHITECTS • 

SURVEYORS • PHOTOGRAMMETRISTS 

BY _f._(l::S~----· DATE J.t~~:u SUBJECT __ T.LJ~~:t~t:J---~-\,)_e._C:.rLfnJJ~------ SHEET NO. ___ l_ _____ OF ____ /_~. 
?e. v ,·~ t:..c /I f13J ~ 1 _-:Jawn:s.uCfl_ ___ J___y_(df.lc_,e._ __ L.c_u.IJ.JJ..-f--------· JOB No. ----------------------------
REV. BY ----------· DATE -----------· _i1J.c.,_n _ _o2'_~ __ .,3_{£Ql ___ 7_~_tf__________________________ FILE NO. ----------------------------
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GREENHORNE Be O'MARA, ~: ;, .... 
ENGINEERS • ARCHITECTS • PLANNE~Sfe;enSC!EflhSTS 

SURVEYORS • PHOTOGRAMMETRISTS 
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REPORT W0415NCP-ALPHA (WANG) ·PUqT DATE 07/26/~0 
OHR - EHYIRONftENTAL HEALTH SECTION - WATER SUPPLY ~RANCH 
ALPHABETICAL WllHI" COUNTY LISTING OF ACTIVE NON-COHM PWS 

•5" UJ~Tl...,HE~--------pwm----~rRr-E Sr--lNIT.lnHne:-'-------.,.,Dmo,.IIE"Ss- · ·-· --- t nv --.... nv--r-r-POP;s"l("r. S PHONE ------,r< 

r PAUL CHRISTIAN CHURCH 0291~~6 ~ENRY PLUftftER OR DlR SR 1369 
t!;ijE')Cllo-T-ir.tltl-·- - o4!<115li1r SHVE ... Hi:.liinDNOJ( M-u·-6 iiU~ A,o1 
4RHEEL ~AqlNA 02q150~ JOYC~ BOBBITT OR ~GR SATTERWHIT~ PT 
HE GROVE Ol914Z4 HENRY DICKERSON oq " PO BOX 144 

ftiDDLEBURG 27556 N A 200 G 919-492~0828 
·:-HENDERSoN --21~lb. N ·1 ~0- c-- --= --=--

RD. HENDERSON 27536 N A 75 G 919-438-8613 
HENDERSON 27536 N A 132 G. 919-08-8320 

liOftiS CRIPEL PHC - ··--· 021JHlia·stEYE IC ENLOE Dlt .. Glrlrr~BlJX-·6IT""SilD- HENDERSON -z75l6 N l -'Rr-t 919-'\:J""r-n"......----+::..t 
1"Y TOT NURSERY 0291~~2 TINY TOT NURSERY HWY 39 HENDERSON 27536 N A 25 G "919-~38-6024 
~C CHAPEL HILL KE~A LAK 0291474 PREDERIC W SCHROEDER UNC CHAPEL 
Ne.;etrnJtrr-Ui<FlH:e-irtE~-olQ1H5-- "F"ltlJUic-UHIDED[I( oliox· 291 
~C-CH KERR LAKE R~C AqE 0291473 ~REDERlC SCHROEDER D BOX 297 

HILL STE CHAPEL HILL . 27~14 N A 25 G 

ANCE CTY WILDLIFE tLU~ 0291112 CLAY ROWLAND OR ftGR SR 1346 
OOOft~FTRU~ INC C OllJr5~JERRf StEVENSON DR-~Ux-1938 

COU"TT •091 NUMBER OF RECORDS • 60 TOTAL POPULATION • 
·-·· - ··-· ----- -- -· -····· ··-···-- -------------- ··- --· ... --

-----------··· ·--··--· ----- ·-----

----···---·. --

· -· --r~JVRSVlLLE-·-usn·--N · r ··· -- zr (;··-nr-9lit=n 
TOWNSVILLE 27584 N A 25 G 919-962-2211 
TOWNSVILLE 27584 N A 35 G 919-492-1426 

------ "ffENDERSDN Z75l0-N---r-·-· -- 3'r .,----91~ 

·- -- - -------1 
n 

----·--------·· --- -----·------ii~ 

---. -------

- -··-------- --------

! • 

~!: 
~~ 

'"'" ,..·: 
···--·-·-------·-- ·---- ·~: -------~., 

··~~! .. 3r· . ... -·--·si 
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R-~AP-Cti- -lltl .. illt-IST-'. -1 H- -BQYUS EXlCOII Ol9140 l.iOYDS I::XJCON . I-8S £ SR 1319 H .. ~u~~·-,.-
~f:NDE~SUN 275Jb N A 

CAMP GRAHAM GSA Ol91478 MARK JOH~ON OR DIREC RT 1 BOX a7B 
CAI'IP 'GRAFflM-KJ:rl'CGOElf'" 029H77--PrARC- JOHNSON' OR'"DIRc-RT 3 BOX 878-·. 
CAMPER PRODUCTS OZ914UO CAPT HILLIARD RT 't 
CAREY'S BAPTIST CHURCH 0291465 RONALD VAUGHAN OR PA RT 2 SR 1519 
~AqVfR E[EHt:~TARY. SC4!10L 02?1Hl -·e C "HOSS OR- fUINT su·- RT li BOX ~96 .. 
COGHILLS MINUTE MART OlQl'tO't OWNER OR MANAGER RT 1 
CJK~SdURY U~C 0291'tb0 UAVIO PARRISH OR PAS STATE RO 1512 
OARRET Et:CI'!E~TART ~CHOOL'. ·o291HCJ--e- C"I'IOSS OR -I'IAIRI'St7-· U""l 
E 0 YOUNG FL~ME~TA~Y SCH 02Ql'tU6 E C MOSS "AINTENANCE BOX 160 
FLAT CRE£K ~APT CH 02Q14J6 FLAT CREEK BAPT CH RT 4 

·I= It AN'S PANTI<Y O~fl14l5" ~UNCIS" PllOifST OR... PO I!OX 175 
~ltAliER n~OTH~R~ 02914~8 JOHN H BUWER OR KGR RFO 't BDX 10 
GILLBURG UNlTEO ~~THOOIS 0291'tb6 KEY GENE COBd OR PAS HWY 39 qT 1 
GRARNTS-cUJtESBURT r•e- ne---uz915l:J--BEU011PEGRll'l ORrflR-llT-z BOX 104 
GREENGLO CHILD CARE CE~T' 0291514 GLORIA STENNETT OR" PO BOX 1787 
HAPPY DAY NuqSEKY . 02914't0 HAPPY DAY NURSERY SR 1519 
HENDERSiJij Cu HUNT. iD DO . 0241479·-·il S HiRC:D,.. L:ANDSClPE PO BOX 15580 
HENDERSON htAUSTA~T DAYC 0291515 FYW OPPORTUNITY INC PO BOX 1453 
Ht~DERSO~ MAINTeNANCE YA Ol914b2 ST~VE BASS OR PASTOR RT 1 
"'HI~ERifil-·PARit-·----·---uzqn5x-RlB£10ftTP'i'U.· N~9 JIIORTH -· 
HU~PTY DUMPTY AFTERSCHOO 'OZ91't't3 ft/ft ROBERTS RT 7 BOX 4B5 
ISLAND C~EFK BAPT CH 0291~35 ISLAND CREEK BAPT CH SR 1529 RT 1 
JACK f. Jtll OI.YtUE tENT . 02915U;·- Lt"Dl' ftttlNN DR '"ftlRl'" RT 6 BDX 71.9 
K~RR LAKE-I'IETHJUIST CAHP 0291511 ALLEN WENTZ OR l'lGR PO !OX 1D9~5 
K~RR RESEkYOIK COUNTY Ll Ol9l'td~ HOWARD L. STEWART OR RT 3 BOX 800 
ltE~If"RfSERVOIR RIBER"'U .. "'U291491 ... HOWlRtrt. STEWUT OR ·R~-BOX -"800 . 
KERR RESERVOIR HISERNll 02914d9 HOWARD L STEWART OR RT l BOX 800 
K~RR RESERVOIR NUTSUS~ N 0291~Y7 HOWARD L STEWAKT DR RT 1 BOX 800 

- ICnR RESERVOIR NUUUSH fl 02'H49!r -HOAUD-L~ STeWART" OR .. RT "3 BDlC 800 
(~RK RESERVOIR-KIMBALL P 02ql~~z HOWARD Lo STEWART OR RT 1 BOX 800 
ICERR RESERVaiR-KIMHALL P 0291493 HO~ARD Lo STI::WART OR RT 1 ~OX BOO 

HENDEKSON 27536 N A 
.. - -·HENDERSON·-· 27536. N -A. 

HENDERSON 27536 N A 
HENDERSON 27536 N A 

-"HENDERSON 21536 N-l 
H~NDERSON 27536 N A 
HENDERSON 27536 N A 

-HENDERSON ·- ... 2 7536 .. N - ... 
MIDDLEBURG 27556 H A 
HENDERSON 27536 H A 
TOANSVILLE- 27584 N l 
~ENDE~SOH 27536 N A 
HENDERSON 27536 N A 

- ·- -- HEROERSDR-- 27536 ..... --A-
HENDERSON 27536 N A 
HENDERSON 27536 H A 

...... DURHAH ... - . 27704 rr·a 
HENDERSON 27536 N A 
HENDERSON 27536 N A 140 

-··--tmroenorr-Z753&-....--. .. · --· 25--.::----.--..---...--:~1~ 
HENDERSON 27536 N ·A 10 G 
HENDERSON 27536 H A 600 G 

. HERDER SUN- . 27536 . N l 30 I;. 

RALEIGH 27605 N A 40 G 
HENDERSON 27536 N A 25 G 919-431-7791 

-- --- HENDERSopr-- Z7536 -.,.-a· -·- -z5 -G--n--r---=-11'911ow---~ 
HENDERSON 27536 N A 25 G 919-431•7791 
HENDERSON 27536 N A 25 G 919-431•7791 

.. HENDERSON. . 27536 If'. I ... ·25 "!; . fl"Fur-77er---f=t 
HENDERSON 27536 N A 25 G 919~~31-7791 
HENDERSON 27536 N A 25 G 919-431-7791 

.., - -uqR-·RESERVOIR•UI'llrlt~·-o-zn·'"--,.DWnlrl.OSTEIIU"r~R~ aox·-soo
KE~R RESERVOIR-KI"BALL P 0291495 HO~ARD L. STEWART OR RT 1 BOX 800 
KERR RESERVOtR-Kl"BALL P 0~9l't~6 HOWARD L STEWART DR RT l BOX 800 

-·--HENDERSDlf ___ Z753r;-·-~~- a-- ---z5 G 9lt-
HENDERSON 27536 H ~ 25 G 919-431-7791 
HENDERSON 27536 H A 25 G 919-431-7791 
HENDERSON- 27536 R" A -" . G ·-vn•u•-,...,""---l'UI .. ... 

•• 

a·· ,., 

•• 
I •• .. I 

• 

- ICE:IfR RESEY HIBER,.U Pi{(H --u29l'iBT -nowlRD .... ST£NlRT l'lliR·-- .. RT 3 BOX. 800 
K~RR-VA~CE ACADEMY 02ql't09 MR DON BURKE OR SUPT ROUTE 4 BOX Z1l 
KIOSWORLD 0~91517 FAYE " STEWARDSON OR RT 1 BOX 2~-C 
LITTLE PEOPL·r.NURSCRT--\JZ91H8--~ l,.N-30NES"'11R "AUGE~·- u-7 BOX ·us 
"IDDLEBURG JNTE~STAJE SH 0291507 FRED FOGG OR "GR RT 3 BOX 92 
"IDDLEAUqG SHAICHUUS~ · 0291512 TOft"Y GREENWAY OR ftG RFD 2 
N~W 'HOPE ELt!'tE'UUT :;cHO ""1)291411"- E C"'l'lOSS OR HAINT SU RT 5 
P E M DAIRY qAq Ol914UB kALPH PEbRAM OR KGR RT 5 
REHOBOTH UlllTf:!l I'IETH CHU 029HZ1 GILBERT CAPPS OR PAS PO 90X 302 RT 4 
ROIJEitSONS STOP t ·SHOP_ .... -·o2Q1HO·-· ROBER SONS "STOP ·r--sHo-- SR "1548 & SR 1547 
~OSES STORFS INC. Hc~CHA 029l~'t7 H B B0&81TT OR "GR 208 GARNETT ST 
SATTfRWHIITc RO 6b SER OZ9l't29 SATTERWHIITE RD 66 S I85 E SR 1319 

HENDERSON 27536 N A 365 G 919~~92-0011 
HENDERSON 27536 N A 30 G 919-492-1129 
HENDERSON--· 27536. N A. ·Jo--G· ·tt~U't .. •J-.,. ... ,.,.,.----.-f:3 
HENDERSON 27536 N A 32 G 919-491•1041 
ftiDDLEBURG 27556 N A 46 G 919-491•701. 
HENDERSON- 27536 R l liDO "G 9liT-UFn~--~ 
HENDERSON 2758~ N A 50 G 919-492-2292 
HENDERSON 27536 H A .75 G 919-439-6740 
HEI'fDERSON-:- 27556 'N- A 25- t;· ------------i~ 
HENDERSON 27536 N A 50 G 919-~JI-J1i5 
HENDERSON 27536 H A 25 G 919-431•B81J 

----1''3 
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- -- -- -·--- --- - ---
i'.'IJ./90 .2 

3 

• tAT IIUDE LOtiG IIllllli COI.Ifll' •· •• • 
r.7~--~~1~2~3~.~3~-3~5~~2~8~5~&-.~5~4~~B~0~4~2~-~5~9~.8~4~~R-o-~J-~-r,----------------~c-o'd~d~l-P~C~r-e-~~-~-.--------~u~s~-~J.~--------·--

124.1 35 35 06.60 80 38 05.00 Rouan Lake Right WS-I 
-·~ 124.2 35 33 48.95 80 .36 08.29 Rowan La~e Carrier US-I 

H------;..:;o-=-::....::.;~::::-=-.:::.=-~~~-;~.:..;.:;--,::-::-.:....:::-::---='..::....:..:.....=..:..;;,_ ______________ -:=~,.::.-,....::...:~,..=-:::....:....---------:-:,:::-~,...,...... -· -- .... -·· 
to 12!:;.0 35 4'1 •!8 .. 85 80 ::!7 36.62 r.:(~J,J::j;·· ·~a .. t!·Jr• Hiver UJ-:I:I 

••• • .II 125.1 35 44 51.52 80 27 39.0G 'tadkin R.i•.;!l' 
sz 12(,.0 3514 :!1.29 814618.43 P.•.lt'····z'fc,rd St.-:ocond Irr·c·::1d f:j·."~J' US-III 
r.,~3-----~.~1~2~7~.o~-.~3~5~2~3~0~4-.~G~3~~8~1~5~1~3~1-.~5na--r.R~u-.t7h-c-r·~f~o-r-d~----------~s~e~c~o~r-,d,.B~r~o~a~d~F~<l7·v~e~ .. ~r-.--.. w~s~-~:r~. -----------

.,. ·.• 128;0 .35-18 27.37 8159 31.88 Rutherford Broad River WS-III 
ts •.· 12CJ•l 35 28 18.73 80 08 51.20 Stanly Badin Lake WS-III 
1• 129.2 35 29 38.30 80 11 0~.38 Stanly Tucker~ou~ Lake 

.,., 130.0 35 25 ·09.83 80 05 4-1.~9 i·1ontgo111ery B-3din L-3ke US-T1I 
1• 131.0 35 14 29.53 BO 06 2-t.6·1 St.3n1y L-3ke tiller·y ' US-III 

u 134.0 36 15 43.04 80 52 03.03 S•Jrry Bi9 Elkins Cr·::;e~:. !.JS-ll 
• u 135.1 3G 31 28.00 80 36 :59'. 00 S•Jrry Lovi lls Cr·eel:. lJS- II • . 

z• 1:-J5.2 36 29 45.6(:, 80 39 01.46 Surry St,e~oo~arts Cree~, US-!_! _____ .. -- ..... 
u .. 136;0. 3G 23 5'J.79 80 :.9 14.-tG Surry Toms Creel'. lJS-J-·•z• ·· 137.0.: 35,27 59.7B 83 28 00.60 Swain Lar.ds Creel', ' IJS;...l 

I : ·· · 138~0 35 12 37.08 82 46 58.54 Transvlvania Cathevs Creek US;...J 
- 139.0 34 57 56.~0 80 18 :n.7G llr-.ion/Anson L-3nes Creel<. IIS-.. II 

I
.: 140. 1 34 57 57.25 00 30 ·\2. 15 Urd lln L:;jl~e Lee I·JS-- Jt 

~------~l~4~0~-~2~-~~a~~~o;2~l~O~·~ogo~~8~0~2~-8~3~q~·~·~9~9~~u~n~i~r.)~n~--------------~~.~~;l:.~e~T;-~-i~.t~.~~-j~·-r~------~w~s=-·~1.~t~. r------·----· 
"' .14l.·o .. .,.~G·.2G 26.08 78 21 '35 • .!~ V:~nr.e l~err RP.seJ•vo-ir US-lil 

143.;1' ''3::, 54 -10.0'1 · 11:1 ,j.:i :.1-1.,1 W-3ke F-31ls neservoir WS-1!1 
143~3' 35 39.43.13 78 JG 43.60 Wake S~oo~ift Crel?k t.lS-!1 

~----~~~~~~~~~~~~~~~~~~------------~~~~~~--------~~~~-------~-- .. u 144.0 3~ 58 t5.29 78 29 13.92 Uake S~ith Creek US-l 
33 

145.0 35 49 ~8.25 78 21 :7.37 U~ke Little River UO-T 
145.1 35 41 39.42 78 4! 40.07 W~k~ L~ko Wheel~r us-rx 
14G.O 3G ·14 .33.19 Bl 40 04.29 Wataug~ Howards Creek WS-! 
146.1 36 14 18.45 81 40 12.9~ Watau3a ASU Lake WS-J 

1-:-,.::t----~1:...:.4;.:7:-·=-:· 1:---3::-o~" -::-1-=1-· -::4:::0:-=·-::B:-:0~-:B:-:1:---:5:-:2~0=--=:::~-· ::...;• 8~G~_\;.:.J..::.37-t.:.;;;."l:.;;;'J..:~9~::J~-----------:-P.:::.o~n:::d--=C~r..::e-::e~~:...-_:f:..,::l::.._ _______ w_s =--~ __ __ _ 
•o 1·17.2 3G 12 ~~.81 G'l 5·1 33.11 l~::~t-.-.J~i :•.:cl .. ~ye Cr!•et·. !,:·· T .. , 147.3 3G 13 19.:':2 8152 38.1)~ tht,:jiJ':J-:1 ''"rod C!I:OC:I: !"~.; 

1·;:3.0· 3G 09 36.01 81 ·!\.' l'J.iG lbt:•·!r-J r,·i:-!. I!GtF·': C:·~·;c·!·. \E .. ·,· 
l-:-:o:t-------::1~4;..:0;...;.;...;1;---:3:::-6=--:-l-::-0--:=3-:::2..:;..-=3-=7:---::8:-:l;.._;4~1;........:0:-:7;..;.;...;2:=-:1;---:w:':-. .:;;..;_,t ::.:s•J'J .:~ u i nld en. c r et~k f< e ~ws=-i ·------

e•• 1-19.1 36 11 47.55 81 40 22.55 IJ:l~'l'J:J:O Uinkl.ers r:reok ll3--J 
·:-:st----~1..,.:4~9_.._.,2,_-::3~6:--:1=-:2::-· _1=.5=-· .:..• =-1-::-8 ___ 8= ..,_1 -=3-""8--:::;5...:.CJ..:.•..::;(')-=2'---=LJ ) t. .. ~.itS-"' .. ~--------· s . r . N (? w F~~-...:V-"e'-'-1' ___ --=w g.:: I--· 
•• l:iO.O :J~ 23 30."!3 ':"8 01 37.il :J,;,~'''IP. J.it.t.lt:> F:i· l!S··Ifl 

l::il .1 35 ::;; 30.4& 713 ')l ·18.10 tl.:!~"·r: tle•Jse r:;;;,'\' l.J.:-·. L:T 
:51.. 2 3:::. :H 1::. ·: ~~ ?8 (ot} ·1'::'. 63 t.!:J~ 110 :.H'.! t:; r<:r·.· .. .- lLi -ll I 

"':-:":t-------:-l-:::5-::;2,..:~-;;o;---;3~G:---;0;;:'9~---t~o~. -:-4~0--7.8~l~O-::i9:-:i4:-;;0,..:.-;:9;-;:G'--'w'l::-.~ 1~1<~ .. e=-. r-:-, ---------------;!-~: e;;...;d';-d-;.;1;:..;. e::...,-,· :.;..R;,.· '""'i _v_e_r--·------ot~~~ s=---...:;I ------ --- · .... - .• 

-~ 133.0 3G 03 40.51 81 10 44.09 Wilkes Y3dkin Ri~er ~S-III 
Sl 154.1 35 44 :Ji".4G 77 54 on IJ? Ui':;on Toisnot S•l~r:,l IJS-JT 
s-2t-----=-1.:;..~1~-!""" • .:::.2-. --=3.:::.';,_.;:.•1~1~1=-, . ..:.._~o"""·J---::.-=,:--;:::c:'i.~c......;:5:-:~~~:-::~):-::e:--:t~.~i;...,::-'::..;·)c:..;H..:..I __ .. ______ -::i.;-;;c;..;;r:...:;.t:....:..e.:...:r;...;.,~;~-y.--:f.i-~---·---ns-T:·r···-

•~, :~~l.3 :.:1::; 47 1'J.~:) ;- ~·:; J'.':i.-2(;. IH: ~-(·lo !.;o~p ).1: I 'i I· '.r::: ~! 

,... ., ~, ·1 • 4 3 ~) -~ ~! •· · r, . ·~.., -.~.. ~; · :- ,, '' It ! • i .. . ~ ~:I -- II•" I 
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NUS CORPORATION AND SUBSIDIARIES 

CONTROL NO. DATE: 11-13-90 .. 
DISTRIBUTION: 

Tungsten Queen Mine 

BETWEEN: Arlene Evans OF: NC Inland Fisheries- Raleigh 
Office 

AND: Jancie Hatcher, NUS Corporation 
__,....-
J~c..(Q...'~ 

DISCUSSION: 

TIME: 1350 

.. ... ... ·,,:!.,_, __ _ 

I . _JN NOTE 

PHONE: (919) 733-36:33 

Ms. Evans informed me that there is fishing, both commercial and recreational, in the John H. Kerr Reservoir. It is 
all freshwater. 

\ 

• J.• LL, '·'' 

"'J\ Ofol Kl',l\1 II Ol>ll\ 
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· Refe. . · 

ENDANGERED ·AND. THREATENED SPEClt~ 

. U.S. FISH AND WILDLIFE SERVICE 

- r ~ · i·. · REGION 4 - ATLANTA· . · 
:1 ; i 1 1 ·1 •• • I 
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12/87 

Feder~lly Lfsted Specfes by State 

NORTH CARO. INA 

(E•Endangered; T•Threatened; CH-eri tfcal Hib1tat detem1 ned) 

MM"mal s 

Bat, gray CMY(~ts frtsescens) - E 
Bat, Indiana {ot s sadal1s) - E 
Bat, V1rg1nfa 6 g-eared 

CPlecatus tawnsendff vfrgfnfanus) - E 
Cougar, eastern (Felts conca1or cauqar) - E 
Manatee, West Indf.n (frfchechus manatus) - E 
Shrew, Dismal Sw.ap southeastern 

CSorex longtrostrfs ftsherf) - T 

Squirrel, C&r011na northern tlyfng 
CGlauc01ys sabrtnus coloratus) • E 

Whale, fl nback (811 Hnorera phl:SIIill) . • E 
Whale, hu.pback (!ijapt~ra navaeanglfae) - E 
Whale, right CBalaena g acJalfs) - E 
Whale, set caalaenortlra bOrealts) • E · 
Whale, sperm (Physe er cafOdOn) - E 

Btrds 

E~gle, b.ald (Haltaeetus leucocephalus) - £ 
F 11 con, Mlrf can perqrf ne 

CF al co Fr"fcf nus anat\11) - E 
Fa Icon, ret c peregrine 

(Falco !f~tnus tuadrtus) • T 
Plover, Pij(rij (tfiaridrius .. ladus) - T . 

· Stork, t110041· CJ!reterta -ricana) .•. E · ····· 
Warbler, Bactii•*sVe,.1vara bachnlanf1) - E 
Warbler, Ktfttlftd•s 

CDtndrafca kfrt1and1t) - E 

Woodpecker, fvory-btlled 
cca.pephtlus prtnctsalts) - E 

Woodpecker, red-cocia ed 
(Ptcofdes (•Oendrocopos) borealis) • E · 

Glneral 01str1but1on 

Extreme Southwest 
West 

Avery County 
Enttre state 
Coastal waters 

Ofs.al Sw.wp; Camden, Gates 
Puquotank- and Perqu1mans 
Counties 

Western mountains 
(Yaney County) 

Coastal waters 
Coastal waters 
Coastal waters 
Coastal waters 
Coastal waters 

Entfre state 

Western 10unta1ns 

Entfre State 
Coast 
Coast 
Eut 

North .. st, Central, 
Southtast 

. Southeast 

East 
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NORTH CARfX.INA (Cont'd) .. 
Reptiles 

A 111gatar, Amlrf can . 
(Alligator mfssfss1potens1s) ... T CS/A)* 

Turtle, kewp's (Atlantic) ridley 
(Leptdochelys k~ft) • E 

Turtle, green (ChiOnh mydas) - T 
Turtle, hawksbill · 

CEretmochelys 1mbrfcata) - E 
Turtle, 1eatherbaci 

(Oermachelys cortacea) - E 
Turtle, loggerhead (Caretta caretta) • T 

Ffshes 

Chub, spatftn (Hybopsfs -anacha) - T,CH 

.Shfner, CaQe Fear CNotropts 
mektstocholas - E,CH 

S 1 1 vers 1 de, VICCMIW 
(Minfdfa extensa) - T 

Sturgeon, Shortnose 
CActpenser brevtrostrUI) - E 

Mollusks 

Mussel, Tar Rfver spiny 
CEllfptto (Canthyrfa) stetnstansana) - E 

Sna t 1 , noondq . 
(Mesodon clarki nantlhala) - T 

Plants 

Hudsonta 1110ntul 
(mountain g~ldln hlatller) - T,Ot 

Isotrta medeolofdes 
(SIIall Whorled pogonfa) - E 

State Lists 12/87 

Coastal plain 

Coastal waters 
.coastal. wae.rs 

Coastal waters 

COastal waters 
Coastal waters 

little Tennessee River, 
Swain and Macon Counties 

Randolph, Moore, '·"• and 
Chath .. Counties 

Late VICe•• and Upper 
VICe .... R., Coluabus County 

Coastal rl vers 

Tar Rfver, Edgecombe County: 
Sandy Creek, Franklin County; 
SWfft CrMt, Matt County 

: Swat n County 

Burke and McDowell Counties 

MICOft and Henderson 
·· · Counttn 

*Alligators are bfologfcally neither endangered nor thriatened •. For law 
enforcement purposes they are classfffed as •Threatened due to Sfm11ar1ty of 
Appearance.~ AlUgator hunting ts regulated in accordance with State taw. 
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NORTH CAROLINA (Cont'd) 

Lfatrfs he11er1 (Heller's blazing 
star) - T 

~fndera metfssffolfa (pondberry) - .E 
Lyslmach;a asperulaefolfa 

(rough-leaved ioosesfri~e) - E 

Oxyftlfs canbyf (Canby's.drepwort) 
Sa' taria fasc1culata 

bunched arrowhead) - E 
Sarracenfa areophtla 

(green pftcrier plant) - E 
Solidago s~fth .. ata · 

(Bf ue R1 ge go I dinrod) • T 

.. 
I I ... 

:·· 

- E 

3 

State ~fsts 12/87 

Ashe, Avery, Caldwell, 
Burke Counties 
Bladen County 

Carteret, Scotland, 
CUDberland/Bladen, 
Brunswick, Pender, and 
Hoke Counties 
Scotland County 

Henderson County 

Clay County 

Aver1 &nd Mftchell Counties 

.L.::i • · 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

TO WOK ·IT KAY CONCERN 

REGION IV 

. · ENV!F!ONMENTAL SERVICES DIVISION 
ATHENS. GEORGIA 306 I 3 

Bncloaed il one copy of the lateat revialon (February 1, 1991) of the US EPA, 
llegion IV, lrrviromaental Servic.. Dlvillon, Environmental Compliance Branch 
Standard Operatin& Procedure• and Quality tUaurance Manual (SOPQAK). Thh SOPQAK 
vaa prepared exalu.lvely for u.a by the Environmental Compliance Branch. Any 
part .of thh SOPQAK 1111 be reproduced for u.e by_ your organization. However any 
direct reproduction~, in whole or in part, ahould be referenced as followa: 

. Environmental Compliance Branch Stand&rd Oporatina Procedures and Duality 
Auurance Manual, US-EPA, Region IV, lSD, Athena, GA, February 1, 1991 
(and aubaequent reviaion.). 

If youbave received a copy on dhk, plea .. be adviled that·it !a in WordPerfecte 
5.1 fomat. : You will noti~e that the followin& fisur .. are not on the dilk: 

Figure 1. 8 .1 
Figura 1.8.2. ·. 
Figure 3.2.1 
Figure 3.3.1 
Figure 3.3.2 
Figure 7.2.5 

Environmental Compliance Branch TiDe Accounting 
Payroll Dlatribution T1Deaheet 
Sample Tag . 
Chain·Of-Cu.tody Record 

. CU. tody Seal 
Ex1.11ple of Site Map Shoving Traverse Pointe Used To 
Locate Monitoring Well• 

Should you have any co1111enta or auggutiona concerning the SOPQAK, please contact 
either Michael R.. Carter (404·546.·3117) or Bill Boltey (404-546-3300). 

Sincerely youra, 

;:.:~ ~11'tf~ 
Environmental Compliance Branch 



This diskette contains the complete text of the tis-EPA, 
Region IV, Environmental Services Di,vision, Environmental 
Compliance Branch standard operating procedures manual, dated 
February 1, 1991. The document is correctly referenced as. follows: 
Environmental Compliance Branch Standard Operating Procedures and 
Quality Assurance Manual, February 1, _1991 _(ECBSOPQAM). 

The procedures described within the ECBSOPQAM may be modified 
as necessary (procedures for modification are described within the 
document), with the following proviso: If the procedures are 
changed they may no longer be referred to as· the procedures 
described in this document. The Environmental Compliance Branch 
(which is an integral part of the. document review. and field 
overview process in Region IV) will strongly resist any attempt to 
modify these procedures and have them submitted for review as the 
original procedures. 

The files are in WordPerfect(c) 5.1 format •. The files are 
organized such that each major section of the sop is in its own 
directory, with each major sub-section sav~d as a separate file. 
As stated above, the text is complete, however, two·figures (3.2.1 
and 3.3.1) are not included because these figures were reproduced 
by photocopy in the original·document. The files are saved in 
a prestige elite (12p) font and are formatted for printing on a 
Hewlett-Packard Laser Jet{c) printer. We are unable to support 
other files at this time, although this file is saved in ASCII 
format to enable any user to read it. 
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I 
FORE~RD 

This manual contains the _ standard operating . and field quality assurance 

procedures used by Environmental Compl ience Branch employees duri.ng field 
operations. The specific procedures outlined are based on the experience of 
Branch personnel over the years or are specifically referenced at the end of each 
chapter. The specific quality control procedures . outlined in the manual are 
provided as required by the Agency's Mandatory Quality Assurance Policy. 

This manual shell be provided to each Branch employee engaged in field 
operations. Each ~loyee is expected to read and be familiar with each section 
of the manual. This manual will serve as a source· book for training new 
~loyees as well as a reference for current employees. The manual is meant to 
be a dynamic document. It will be periodically reviewed end updated. Uhen 
changes ere made in the manual, a memo will be sent to each Branch employee. Each 
employee will be responsible for keeping his or her manual current. To assist 
in this updating, a ·log is included inside the front cover for tracking revisions 
of individual sections. I. 

The SOP and specific quality assurance procedures outlined in this manual 
(SOPQAM) ere to be incorporated by reference into all study plans issued by 
Branch personnel. Any deviation from this SOP or specific quality assurance 
procedures as outlined in this manual nust be thoroughly docunented and cleared 
(if possible) with the appropriate Unit Chief and/or Section Chief. Any devia· 
tion from this SOPCAM shall also be documented in ell study plans and reports 
resulting from ·that project. 
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1.0 STANDARD OPERATING POLICIES AND PROCEDURES 

1.1 INTRODUCTION 

This section presents the standard operating policies and procedures 

Envirorvnental COI!flliance Branch (ECB) as. well as a description of 
of the 
Branch 

activities. The basic objectives of this section are to present: 

• 

• 

• 

• 

• 

• 

• 

the Branch 

how requests 
received, 

the basic 
persoMel 
tion, and 

basic rules 
procedures 

functional statement and organization; 

for field investigations and technical : assistance are 
processed, ·and irrplemented; 

flow of project activities, including the assigrvnent of 
to projects, preparation of study plans, report prepara· 
peer review; 

for ~loyee conduct and legal requirements for entry 
during field investigations; 

Branch procedures for handling 
purchase 

basic administrative functions such 
as travel, overtime, requisitions, and typing . requests; · 

Branch procedures for obtaining analytical· support; 

the. Branch quality assurance plan; and 

the Branch basic safety program. 



1.2 BRANCH ORGANIZATION 

1.2.1 

Section 
Revision 
Date: 
Page 

No. 1.2 

No. 1 
2/1/91 
cit 6 

The Branch is organized into two sections: t~e Hazardous Waste Section and 

the Air and Water COII1lliance Section. The Hazardous Waste Section is composed 
Section ·of the RCRA Unit and the Superfund Unit. The Air and Water Cornpl i ance 

is composed of the Water Cornpli ance Unit end the Air COII1ll i ance 
staffing plan for these sections is presented in Section 1.2.2. 
statements for the Branch and each Section are presented in 

section. The Branch structure is shown in Figure 1.2.1. 

The 
the 

Unit. The 
functional 
.following 

1.2.1.1 Envi rorvnental Compliance Branch Responsible for planning, 
coordinating, executing, and evaluating investigations of toxic and hazardous 
substances; pesticides; waste, air and wastewater management problems; water 
treatment facilities; UIC facilities and groundwater related problems; and 
related environmental studies within the Region. Provides · technical assistance 
and multimedia overview to other federal agencies, states, local agencies, the 
private sector, and EPA contractors in municipal and industrial operations, field 
investigative procedures, and toxic and · hazardous wastes investigations. 
Maintains expertise in air monitoring methOdology. Develops end presents direct 
tr.aining courses. Reviews and comments on remedial investigations/feasibility 
study work plans, remedial · inves.tigation reports, RCRA facility investigations, 
Record of Decision docunents, NPDES permits, UIC permits, State/local agency 
DA/SOP Plans, and . federally licensed construction· projects and provides requested 
field investigatory support of these programs. 

1.2.1.2 Hazardous \laste Section Responsible for planning, directing, 
and conducting assessments end investigations ·for program end enforcement pur· 
poses (civil and criminal) related to hazardous. substa.nces, including: RCRA 
related sampling and non·sampl ing facility inspections (pre· and post·permi t 
issuance), solid waste d~s and landfills, and Superfund remedial and pre· 
remedial investigations such as at abandoned hazardous waste sites and related 
multimedia environmental and technical assistance studies. Responds to requests 
for assistance with oil end hazardous material spill investigations, and related 
multimedia envirorvnental end technical assistance studies. \lhen required, 
provides support and technical assistance for TSCA and FIFRA inspections and 
investigations. 

In conjunction with the Analytical Support Branch, manages the Regional 
Sample control Center (RSCC) for the national Contract Laboratory Program (CLP) 
and provides logistical support and scheduling for all Superfund related field 
investigations 
view (field and 
in conjunction 

Provides 
view to other 
contractors in 
monitoring, end 

conducted 
document 

by the Section and program contractors. Provides over· 
related) and quality assurance of Superfund contractors 

with the \laste Management Division. 

technical assistance, training, and 
federal agencies, state. agencies, 

multimedia 
local 

and routine 
agencies, and 

conducting multimedia hazardous waste inspections, toxic 
RCRA inspections. 

over· 
EPA 

waste 
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Provides related input to permitting, enforcement, and ·other associated 

regional programs. 

1.2.1.2.1 RCRA Unit The· RCRA Unit has the primary responsibility for 
all Hazardous Waste Section RCRA activities, ine<ludfng · the conduct of RCRA 
compliance inspections, sampling and non-sampling field investigations, technical 
support,·· technical assistance, and testimony for RCRA related facility and/or 
site related investigations . in support of civil and/or criminal enforcement 
actions; overview of the state RCRA . field program activities including on-site 
overview of state RCRA inspections as well as field program · mid·year and end·of· 
year reviews; review of state RCRA grants and related docLJnents; development of 
standard operating procedures and inspection protocols for RCRA .field activities; 
as well as technical assistance and training for local, state, EPA program, and 
other federal personnel in the field aspects of RCRA investigations. The RCRA 
Unit has the primary responsibility for coordinating the training activities 

conducted by the Section and training received by Section personnel. When 
required, provides the primary Section support for TSCA and FIFRA inspections and 
investigations.· 

1.2.1.2.2 Superfund Unit -- The Superfund Unit has the primary responsi· 
bility for all Hazardous Waste Section Superfund activities including the conduct 
of abandoned hazardous waste site inspections and investigations, both sampling 
and geophysical; field investigations, technical assistance, and testimony in 
support of Superfund civil and criminal enforcement actions; responds to requests 
from the Uaste Management Division for assistance in monitoring oil and hazardous 
material spill situations,. as well as assistance in investigating potential 
ii!Jilediate · removal Superfund sites; and operation of the Section's portion · of the 
RSCC. In conjunction · with the \laste Management Division, schedules all Superfund 
investigations in the Region conducted by Section and EPA contractor personnel; 
conducts on·site field quality assurance overview of contractor field 
investigations and overviews contract related investigation documents (study 

·plans, RI/FS work and site. operation plans, study reports, etc.); overviews state 
hazardous waste programs that are Superfund related; participates in and develops 
specific Superfund related training and field standard operating . procedures as 
well as participates in training courses for local, state, EPA programs, other 
federal field personnel, and contractors; and provides technical support for 
Superfund investigations and inspections to state and· other . federal programs. 
The Superfund · Unit has the primary responsibility· for the Branch's field health 
and safety program. 

1.2.1.3 .Air and \later C011pliance Section 
coordinating, and executing ·. investigations of nunicipal 
treatment facilities, and investigations in support 
drinking water . programs. Provides technical assistance 
local agencies, and other federal agencies in nunicipal 
operations, and air monitoring studies. Develops and 
courses; reviews and corrments on NPDES permits, 
construction permits; and provides expert. testimony. 

and 
1.2.1.3.1 

conducting 
\later Compliance Unit 

assessments and investigations 
Responsible 

including 

Responsible for 
and industrial 
of the Regional 

and overview 
and industrial 
presents direct 
and federally 

planning, 
wastP.water 

l.IIC and 
to states, 
wastewater 

training 
licensed 

for planning, directing, 
data Interpretation and 
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investigative 

facilities. 

reports related to rrunicfpal and industrial wastewater treatment 

Responsible for studies relating . to facility operations, including their 

impact upon receiving 

taminants in the aquatic 

waters as well as the persis~ence and fate 

envi ronment and ground water. Provides 

of their 
related 

con· 
input 

to permitting, enforcement, and other associated regional . programs. 

overviews and provides technical assistance and troubleshooting to . state, 

local, and other federal agencies and the private sector concerning rrunicipal 

operations in order to correct operational problems at existing facilities. 

Conducts in· depth diagnostic evaluations 
enforcement 

Division. 

of wastewater treatment facilIties 
etc., to provide 

support of 
technical 
the ~ater 

details for actions, 

Management 

and overviews NPDES delegated states 

consent ·decrees, 

as well as conducts indepen· 

in 

dent 
etc. 
cipal 

Monitors 
studies of rrunicipal and industrial facilities including CSis, CEis, PAls, 

Reviews and suggests corrections for 
provides 

self-monitoring techniques at rruni • 
and industrial facilities and input to enforcement actions. 

Provides 
other federal 
techniques, 

technical 
agencies 

operational 

assistance, tra1n1ng, and overview to· state, local, and 

field 
support 
program 

At the request 
investigations 

of the UIC, 
including 

concerning rrunicipal and industrial facility investigative 
control techniques, and data interpretation. 

of the ~ater Management Division, responsible for conducting 
of water treatment feci l ities and field investigations· in 

Drinking ~ater, UST end the Regional ground water monitoring 
associated water quality investigations. 

1.2.1.3.2 
agency 

:;:.A..:.;i r:-...:::.Conp=::..:l..:i.:::a:..::nc:,:e:.-_...:::U.:.:n~it Responsible for conducting state and 
local Performance Audits; oua l I ty Assurance Plan (OA/SOP) reviews and 
approvals; 
Monitoring 
Performance 
particulate 
Precision 

conducting 
(SLAMS), 
Audit 

National Air Monitoring (NAHS), State and Local Air 

agency 

and Special Purpose 
participation 

Monitoring (SPM), and National 
Program (NPAP) including the distribution 

filters; 
and Accuracy 

conducting data validations; 
(PARS) data submittals; conducting 

tracking and submitting 
an annual state/local 

training workshop; and conducting special studies. 

Responsible for maintaining · the Regionis expertise in air toxics monitoring 

of 

methodology, which includes conducting, -planning, and arranging air toxics 
studies. ..Provides technical assistance to federal, 
air monitoring and analytical methods for both 

state, end local 
toxics and 

agencies 
criteria 

on 
air 

pollutants. 

· Conducts air 
and performs air 
response requests 
site clean·up and 
overviews contractor 

monitoring in support of CERCLA and RCRA site ranking studies, 
· sampling for 

\laste 
specific pollutants 

from the 
remedial action 

monitoring air 

Management Division. 
plans for air toxics 

activities. 

in response · 
Reviews 

monitoring 

to emergency 
hazardous waste 

activities and 
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Maintains an air monitoring laboratory equipped with sophisticated 
air monitoring instrunentation, air toxics screening instrunentation, 
sa~l ing · equipment, calibration equipment, Con;:x.Jterized data 

air toxics 
acquisition 

, 

equipment, and a NBS Standard Reference Photometer in condition ready 
valid air quality data. Some air monitoring equi~nt · is maintained 

to produce 
for use by 

state and local agencies for special studies or emergencies. 

Provides assistance Pesticides and Toxics Management 
by arranging, planning 

to the Air, 
and conducting regional studies; reviewing state 

Division 
and local 

Audits. agency worlcplans; and conducting 

Verifies that state/local 
and certifies ozone photometers 

1.2.2 Line of Authority 

The purpose of . this section 
Branch and in each Section, in 
respective Section Chiefs. 

Branch: 

John 
Mike 
Bill 
Steve 
Ron 
Herb 
Bill 

Marlar 
Carter 
Bolcey 

Hall 
Barrow 

Barden 
Cosgrove 

National Anbient Air System (NAAS) 

Hi·Vol orifices 
and calibration 

is to establish 
the event of 

meet regulatory specifications 
systems. 

the line of authority, in 
the absence of the Branch 

Hazardous \laste Section: 

Bill Bolcey 
Steve Hall 
Bill Cosgrove 
Rod Davis 
Bruce Ferguson 
Dan Thoman 
Charles Till 
Don Hunter 
Jim Gray 
Fred Sloan 
Sharon Matthews 
Pat Boyle 
John Trudell 
Roger 
John 
Terry 
Laura 

Carlton 
Vall 

Thomas 
Childs 

the 
or 
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I 
Air and \later Compliance Section: 

Mike carter I 
Ron Barrow 
Herb Barden 
Danny France 
Joe Compton 

I 
Louis Salguero 
Jerry Burger 
Mike Bowden I 
Chuck Padgett 
Tim Slagle 
Jeff Lovell I 
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1.3 PROJECT ACTIVITY FLOIJ 

Branch receives investigations 

Section 
Revision 
Date: 
Page 

No. 1.3 
No. 0 

2/1/91 
of z 

and technical The 
assistance activities from 

requests 
a variety 

for field 
of sources 
C including · 

including federal, state, and 

local . agencies; EPA Headquarters 

Investigations), EPA regional operating 

Management Division and the Waste Management 

Justice; as well as the private sector. 

NEIC's Office 
divisions 

Division); 

(primarily 
u.s. 

of Criminal 
the. \later 

Department of 

All requests for non-routine field studies or technical assistance 

activities shall be directed to the Director, Environmental Services Division 
with a copy to the appropriate Section Chief. Any request that is forwarded in 
any other manner shall be immediately routed to the Director's office. 
Requests for field studies that are received by Branch staff by telephone shall 
be discussed with the appropriate Unit Chief who will notify the Section Chief 
and/or the Branch Chief. All such requests shall be followed up by a memo or 
letter from the requestor. Non·supervisory Branch personnel are not to corrmit 
the Branch or the Division to field studies without the approval of the 
Division Director and Branch Chief (or appropriate Section· Chief in his/her 
absence). All emergency requests for field studies shall be handled 
expeditiously, but all such requests shall be followed up by a written memo or 
letter from the requestor. ·All requests for routine field studies or technical 
assistance activities (i.e., those activities corrmitted to in the annual work 
plan) shall be directed to the appropriate Section Chief who will assign the 
activity to the appropriate Unit. 

The receipt of an investigation or technical assistance request shall be 

acknowledged as soon as possible. This is normally the responsibility of the 
Division Director, the Branch Chief, or the appropriate Section · Chief~ If the 
request is accepted, the requestor will be so notified, and the Branch Chief 
shall assign it to the appropriate section. The Section Chief shall then 
assign · the request to the appropriate unit Chief who will log the request into 
the c~terized project tracking system. The Unit Chief, in consultation with 
the Section . Chief, shall ' select a tentative study date and assign a project 
leader or field investigator as appropriate. 

The assigned project leader or field investigator shall discuss the 
technical merits of each project with his/her Unit Chief. The objectives and 
scope of each investigation or · technical assistance project will be mutually 
agreed upon during this session. The project leader or field investigator will 
then contact the requestor and obtain necessary background information to 
formulate a study plan. A reconnaissance trip may be necessary in some cases. 
Trips to the EPA regional office or state . and local regulatory agency offices 
may also be required. When the project leader has collected all of the 
relevant material, he/she shall prepare a study plan and, if appropriate, 
discuss the resource requirement of the project with his/her Unit Chief. When 
required, additional staff from other· Units will be assigned by the Section 
:nief or Branch Chief. In studies involving more than one Branch, appropriate 
staff will be assigned by the Branch Chiefs or Division Director/Deputy 
Division Director. Concurrently, the Unit Chief and/or project leader shall 
discuss the analytical requirements with appropriate Analytical Support Branch 
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gator shall 

Draft 
Section 
pol icy. 

the study 
prepare 

plans . and final study plans shall 
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prepared as study 
1.5 and shall be reviewed in accordance 

be 
with the Regional 

. plan has been prepared, the project leader/field investi-

a request for travel orders and overtime/compensatory time 

and submit them to the appropriate Section Secretary. This request should be 

submitted at least 10 worlcing days in advance of routine studies. Concurrently, 

the project leader shall coordinate equipment and vehicle needs with the Branch 

warehouse staff coordinator and procure any needed special equipment. 

·After the field study has been conducted, the project 
study 

leader/field inves-

tigator shall 
concurrence 

prepare 
of the 

an outline 
appropriate 

or draft of the 
Unit Chief (not 

report 
required 

for 
for 

review and 

routine 
inspections). If sa~les were collected during the study or. investigation, the 

Analytical Support Branch will submit data to the ·appropriate Section Chief. 
The Section Chief will distribute the analytical data, through the appropriate 
Unit Chief, as soon as possible to the project leader/field investigator. The 
project leader shall prepare a draft of the final report (not required for 
routine inspections)· for review by the Unit Chief and Section Chief. Once the 
report has been cleared by the appropriate Unit Chief and Section Chief, it 
shall then be reviewed in accordance · with the Regional peer review policy. The 
review corrments shall be considered and incorporated where appropriate. A 

·final report. shall then be prepared and distributed as outlined in Section 1.6. 
Routine inspection reports shall be prepared in final form for review ·by the 
Unit Chief and the Section Chief or his/her designee and shall be promptly 
transmitted 

After 
vestigator 
outlined in 
appropriate 
entered by 
C0111JUterized 

(Section 2). 

the 
shall· 

final report 
collect all 

Section 3, place 
Section Secretary 

the appropriate 
project log. 

has been transmitted, the 
relevant material including 

it in the project file, 
for {i ling. COII'pletion 

project 
the 

and 
of the 

Section Chief or Unit Chief into 

leader/field 
report, etc., 

submit it to 
project shall 

the appropriate 

in· 
as 

the 
be 
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1.4 PROJECT LEADER RESPONSIBILITIES 

The project leader has overall 
out expeditiously 

responsibilities 

responsibility for seeing that field opera: 
tions are 
Specifically, 

• 

• 

• 

• 

• 

• 

• 

• 

carried 
these 

study plan preparation 

and that the 
include: 

and coordination; 

project objectives are met. 

logistical arrangements including the submission of travel and 
purchase order requests; 

overall technical supervision of assigned project personnel during_ 
field operations end essurence that standard field operating 
procedures are followed (any deviations shall be docunented in the 
field log book as well as in the final report); 

overall responsibi llty for project field safety; 

overall responsibility for making study plan modifications in the 
field as required; 

certifying and keeping accurete records ·of all overtime, 
coopensatory time, and hazardous duty time earned by project 
personnel In the field; 

project date interpretetion end final report preparation; and 

coordinating any necessary project follow·up activities such as 
attending show-cause hearings, presenting testimony, etc. 
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Study plans shall be prepared and issued for all investigations, inspec· 
tions, and field studies conducted by Branch personnel. The responsibility for 
preparing study plans rests with the assigned project leader or field investi· 
gator. Study plans shall be issued at least 10 w~rkin'g days in. advance of the 
study for routine inspections and investigations and at agreed . upon time .frames 
(agreed upon with the requestor) for more c~lex studies. The only exceptions 
are those · investigations and inspections that are conducted in response to 
emergency episodes and spills. No specific . requirements for study plans -for 
emergency episodes - or ~pills shall be made. However, if time permits, a study 
plan should be prepared. · 

Study plans for routine inspections such as c~l iance sampling (CSI), 

case develo!XJlent investigation evaluations (COlE), performance audit inspections 
(PAl), etc., shall consist of a notification that the 
conducted, who will conduct it, the inspection dates, the 
samples to be collected (if appropriate), analyses required 

inspection will 
nunber and types 
(if appropriate) 

be 

of 
and 

a statement· that the procedures outlined in this SOPCAH will be followed. 
study plans shall be prepared as one or two page memorandllllS. 
study plans shall be distributed to appropriate Regional staff 
appropriate state regulatory agency (if appropriate). ~here 

plans should be prepared for routine investigations (Appendix 

These 
as well 

required, 
10. 

These 
standard 

as the 
safety 

Study plans for 
In 

non· routine investigations and 
should 

field studies need to be 
more detailed. general, these study plans contain the . following 
elements: 

• 

• 

• 

• 

• 

Introduction 
investigated • 

a brief history and statement of the problem to be 

. Objectives 
aCCOI!f'lish 

Scope 

a statement as .to 
and how the information 

a definition of the limits 

what the investigation 
is to be used. 

of the study. 

Time Schedule a statement 
results 

the final 

outlining when the study 
conducted, analytical will be available, the draft 
will be written, and report will be available. 

Study Procedure the specific plan to collect the 
. information (not field methodology) • 

is to 

will be 

report 

required 

Methodology specific field techniques to be employed. A 
statement that the 
be included. The 
shall be justified. 

techniques 
use of any 

Analytical 
collected, 

Requirements 
required analyses, 

the sa~les. 

in this SOPCAH wi ll be e~Jl)l oyed 
techniques not included in this 

e COIIf'lete listing · of all sa~les 
will and which leboratory(s) 

shall 
SOPQAH 

to be 
analyze 
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• Logistics a corrplete listing of the manpower requirements and 

specific functions of all project personnel, special equipment and 

vehicles to be used, use · of mobile laboratories, how samp~es are to 

be transported to the laboratory, etc. 

Safety 
eluded 

Plan where required, a safetY. contingency plan will be in· 
(Appendix K). 

Draft study plans for the non-routine investigations shall be prepared and 
reviewed in accordance with the Regional peer review pol icy. Information copies 
of the draft ·study plan should. be sent to all 

If significant 
relevant program staff and to the 

draft 
the 

Analytical Support Branch staff. 
study plan, it shall be rewritten 
Regional Peer Review Pol icy. 

· transmitted to appropriate Regional, 
appropriate state regulatory agency 

and reviewed 
A final study 

CCI, 

staff. 
and/or 
utilizing 

changes are made to the 
again in accordance with 

plan will be prepared 
Headquarters .staff as well 

a transmittal memorandllll. 

and 
as 
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1.6 STUDY REPORTS 

Almost all investigations, inspections, 

in the issuance 

and field studies co~ucted by 

Branch personnel will result of a technical 
the preparation 

report. The project 

leader/field investigator is responsible for of the report. 

Routine inspection reports such as. CSI's, COlE's, PAl's, etc., shall 
include the·· COI!flletion of any appropriate standard forms along with a transmittal 
memo detailing the significant findings of the inspection. Specific requirements 
for routine inspection reports are given in ·section 2. The reports shall be 

distributed to appropriate Regional or Headquarters personnel utilizing a 
transmittal memorandLIII. Reports distributed to state or local personnel will be 

by use of an official EPA letter. 

report 

report 

No firm 
outline 
formats 

• 

• 

• 

• 

• 

• 

'technical format 
shall 
should 

is given for non·routine 
be used as a guide and 

include: 

modified as 
reports. 
necessary. 

Introduction should 
requested the study, when 
study, the objectives of 
ments. 

Study Area 

Study Findings 
any relevant 

Reccnmendations 
findings. 

a description 

a brief 
conclusions. 

eny 

include a statement of the 
the study was conducted, who 
the study, and any necessary 

of the area studied. 

sLIIImBry of study findings,. 

reconrnendations resulting 

The following 
Generally, 

problem; who 
conducted the 

acknowledge· 

results, and 

from study 

Study Methodology field end analytical methods ef11Jloyed during 
the study. 

Appendices 
study. 

a listing of all relevant data collected during the 

As a general rule, reports prepared for enforcement purposes, or. reports 
prepared in anticipation ·of possible enforcement actions, should contain only 
factual information. These reports shall not contain conclusions, reconrnenda· 
tions, or personal opinions. Conclusions, recommendations, and personal opinions 
for these investigations may be included In a separate memorandLIII with the 
concurrence of the Branch or appropriate section Chief. \lhen this is done, the 
transmittal memorandLIII should be stamped · "Confidential This docunent is 
prepared in anticipation of enforcement litigation. It is not subject to 
discovery." 

The draft study report shall 
peer review pol icy. Although the 

reports, the Regional ment related 
of all draft enforcement related 
criminal investigative reports. 
appropriate Regional or Headquarters 

be reviewed in accordance with the Regional 
Regional peer review pol icy excludes enforce· 
Quality Assurance Officer shall be sent a copy 

reports . for peer review with the exception of 
The final report shall be distributed to 

persomel utilizing a transmittal memo. 
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1.7 EMPLOYEE CONDUCT 

1. 7.1 General 

EPA erlllloyees are required to perform their duties in a professional and 
responsible manner, refraining from any use of offiCial position for private 
gain. Branch erlllloyees are also required to collect and report. the facts of an 
investigation or inspection completely, accurately, and objectively. They must 
conduct themselves at all times in accordance with the Envirormental Protection 
Agency Regulation on E~loyee Responsibilities and Conduct (1) and shall adhere 
to the Code of Ethics for Goverrment Service. The following paragraphs review 
some topics ·in the regulations especially applicable to the work of Branch 

errployees. 

E~loyees shall avoid conflicts of interest through outside errployment or 
other private interests. A· conflict. of interest may exist whenever an EPA 
errployee has a personal or private interest in a matter which is related to 
his/her official duties and responsibilities. It is i~rtant to avoid even the 
appearance of a conflict of interest because the appearance of a conflict damages 
the integrity of the Agency and its e!ll'loyees in the eyes of the public. All 
employees must, therefore, avoid situations which are, or give the appearance of, 
conflicts of interest when dealing with others in or outside the goverrwnent. 

Good public 
priately for the 

.. 

relations 
activity 

and conmon 
in which they 

sense 
are 

dictate 
engaged. 

. that erlllloyees dress appro· 

It is i~rtant that cooperation be obtained and good working relations 
established when working with the public. This can best be accOfi'Pl ished by using 
diplomacy, tact, and persuasion. E~loyees should not speak of any person 
(including other regulatory agency or facility personnel) in a derogatory manner, 
and should use discretion when asked to give a professional opinion on . specific 
products. All information acquired during an eq:~loyee•s duties is for official 
use only. 

An eq:~loyee is forbidden to solicit or accept any gift, gratuity, enter· 
tainnent, favors, loans, or any other thing of monetary value from any person, 
corporation, or group which has a contractual or financial relationship with EPA; 
which . has interests that may be substantially affected by such eq:~loyee•s 

official actions; or which conducts operations 

1. 7.2 Entering A Fecit i ty 

Authority various federal 1.7.2.1 
enforcement personnel authority to enter . and 
granted in each statute is similar to that 
Clean \later Act: 

regulated by EPA. 

environmental statutes grant .· EPA 

inspect facilities. The authority 
stated below in Section 308 of the 

"(a)(B) the Aaninistrator or his authorized representative, upon 

to, 
or 

pres en· 
tat ion of his credentials ( i) shall have 
through any premises in which an effluent 
any records required to be maintained. 

a right of entry 
source is 

.are located, 
located 

and 

upon, or 
in which 
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any. records, inspect 

any monitoring equipment or method required. and sample any 

effluents which the owner or operator of such source is requirecl to 

sarrple. II 

For the specific requirements on conducting · ipspections and collecting data 
Section 

of the 
Control 

pursuant to a particular Act, see: Section 308 of the Clean \Jater Act; 
9 of the Federal Insecticide, Fungicide, and Rodenticide Act; Section 3007 

Resource Conservation and Recovery Act; Section 8 of the Toxic Substances 
Act; Section 1445 of the Safe Drinking \Jater Act; Sect ion 104 of the 

Corrprehensive Environmental Response, Compensation, and Liability Act 

(Superfund); and Titles I, III, and IV of the Clean Air Act. 

1.7.2.2 ~U:.:.nr:..:e::.!a:.:os:.:::o..:n::;ab"'l:..::e'---~S~ea"'r:..:c:.:.;h:..-~anc:I:..::::.._...S:.:::e""'i,.zu""r:..:::e · •• EPA authority under the various 
Acts is 
Amendnent 
seizures, 
required, 
foregoing 

subject to ·the "unreasonable search and seizure" provisions of the Fourth 

or trickery. 

to the Constitution. 
but only those which 
has not 
of right 

been given. 
to privacy 

The prohibition is not against· all searches 
are unreasonable or to which valid consent, 

Consent, in this · context, means the intentional 
which is not the result of either fear, ignorance, 

and 
if 

To corrply . with the Acts 
should 

and avoid 
be entered 

any "unreasonable 
in the ·following 

search" 
manner: 

and procedural 
problems, a facility 

1. 

2. 

3. 

4. 

5. 

The facility 
through the 
inspection 

premises 
entrance 

notification 

should 
designated 

letter 

be entered 
by the 

through 
source if 

the main 
in response 
exarrple). 

gate or 
to an 

(a 308 letter for 

The ~loyee shall introduce 
courteous manner to a responsible 

may be the owner, plant official 
charge. for the facility, including 
Identification credentials shalt 

If only a guard is present at 
present her/his credentials and 
superior on the phone. . If the 
responsible official he/she is 
guard to call him/her directly. 

herself/himself in a dignified, 
plant , official. A responsible 
operator, officer, or agent in 

the plant environmental engineer. 
always be shown. 

·the entrance, the ~loyee shalt 
suggest that the guard call his 
inspector 

to see, 
knows 

he/she 
the 

shall 
name of 
request 

the 
the 

If the corrpany provides a general sign·in sheet, it is acceptable to 
sign it. Branch ~l oyees .::S.:..:;ha::;l:.:l:..-.....:.;no~t _.::s.:.;i s:cn.!-.....:!:a---"r~eo..!t~e!:a~se:..__~o:.:..f_.!.l !.!i a~b:!.!i..l.l.!.i utY 
(waiver> when entering 

Jf entry is 
the facility 

• 

refused, the 
representative, 

obtain name 
the facility, 

a facility under th"e · authority of ·Federal 

~loyee 

but 

shall not contest the 
wilt imnediately · do the 

and • position 
and record 

of Individual 
the date · and 

denying 
time; 

issue with 
following: 

entry to 

• cite the appropriate EPA-administered legislation, ask 



• 

After leaving 
time, inform 

the 

if . · he/she · heard and understood 
presence, 

for . denial 

and record 

of entry; 

the answer 

and 

leave the premises inmediately. 

facility, the employee 

inmediate supervisor and · the 
shall, 

Office 
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the reason for your 
and any reasons given 

possible at ·the earliest 
of Regional Counsel, by 

telephone of 
their 
the events which took place and seek guidance on how to proceed. 

1. 7.3 Requesting Information 

The various laws and statutes under which EPA operates address the pro· 

tection of trade secrets and confidential information. As a general policy, 

Branch staff should not accept confidential information unless it is necessary 
for carrying out Agency functions under a particular Act. As a matter of Branch 
policy, request ·for confidential information can only be signed by a responsible 
party . in one of the operating Divisions or by an attorney in the Office of 
Regional · Counsel. 

In compliance with EPA regulations, 
pursuant to statutory authority, will 
to designate all or part of the 

an EPA 
contain 

information 

request for 
a statement 

requested 

company 
allowing 

by 

information, 
the facility 

the Agency as 
40, confidential by marking it according to: Code of federal Regulations, 

In addition 
information 

Title 
Part 2, Section 203.41; or Federal 
.the appropriate regulations, the 
that: 

(1) The 
claim 

business may, if 
covering 

Register, 41 FR 36902. 
request for confidential 

it desires, assert a business 
or all of the information· 

to 
will 

citing 
state 

confidentiality 
in the manner 

described by 

part 
[the applicable regulation], and that information 

the extent, 
applicable 

covered by such a claim will be disclosed by EPA only to 
and by means of 

and 
the 
that 

procedures, set forth in (the 
regulations]; 

(2) If no such claim accompanies 
EPA, it may be made available 
notice to the business. 

If the collectiOn of confidential 
responsibility of the Branch, personnel 
priate operating Division staff and the 
general, when such information . is needed 
state that this information will be 
Regional Counsel. 

the information 
to the public 

when it is received by 
by EPA ·without further 

information is required to carry out the 
should consult carefully with the appro· 
Office of Regional Counsel attorneys. In 

by Branch personnel, the request should 
transmitted directly to the Office of 

In general, Branch personnel shall not accept confidential information when 
Branch 

logbook 
inspec· 

infor· 
Region 

conducting a plant evaluation, inspection, or reconnaissance. IJhen 
personnel must · collect or observe confidential information, a separate 
shall be maintained. When confidential information is entered into an 
tor•s Logbook, the entire logbook and each page containing confidential 
mation shall be marked NCONFIDENTIALITY CLAIM." Upon return to the EPA 
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IV, ESD _facility, all such information 

Regional 

shall 

Counsel 

be maintained in a locked filing 

cabinet 

disposition 

and the Office of shall be notified for ultimate 

of the material. 

, • 7.4 . Disclosure of Official Information 

It is EPA pol icy to make information about EPA and its work avai !able, 

freely and equally, to all individuals, groups, and organizations. This pol icy, 

however, does not extend to confidential information or to investigatory infer-

mat ion and evidence relating to the suspicion of a violation of federal environ· 

mental laws. 

· Any Branch employee who receives a request, written 

or disclosure of EPA investigatory records, whether made 

procedures or the Freedom of Information Act, shall 
Division's Freedom of Information CFOI) Act Coordinator 

Coordinator of the request. Such records shall not 
specific. concurrence of the Regional FOI coordinator. 
program offices will make all third party distribution 
reports. 

or oral, for 

under judicial 

inmediately 

inspection 

discovery 

advise the 
and/or the Regional FOI 

be released without the 
RCRA, Superfund, and TSCA 
of data and investigative 
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Each section Secretary is that particular ·Section's timekeeper. The 
timekeeper shall be kept informed of all leave · tak!i!n · as well as the overtime and 
C0111Jensatory time earned and taken by each ·. e~loyee. Branch . ~loyees shall 
obtain approval from their respective ,· Unit, Section, or Branch Chief before 
taking annual leave. A leave request form (SF-71) IIIJSt be CDq:)leted when more 
than 40 ·hours of annual leave is taken or whenever any leave is taken and the 
~loyee anticipates being unavai table to initial his/her timecard. All Branch 
~loyees shall utilize the appropriate Section roster, located on the bulletin 
board in their respective Section Secretary's office, to post leave taken. If 
an ~loyee is too sick to report for duty, the ~loyee shall notify· the 
respective Section Secretary by telephone as soon as possible. The appropriate 
Section Secretary, as well as the employee's inmediate supervisor, shall always 
be kept informed of· all travel plans (even those made to the regional office). 
The appropriate Section Secretary is responsible for notifying the Division 
Director's Secretary in writing of any scheduled travel by COB on Thursday prior 
to the following week •s travel. Emergency or unscheduled travel will be reported 
via telephone to the Division Director's Secretary by the . appropriate Section 
Secretary once the travel is known. All ~loyee•s time IIIJSt be charged to 
appropriate specific account nunbers. This is acc~l ished by having each Branch 
employee utilize the form ·shown in Figure 1.8.1 to account for all work hours. 
This form shall be filled out by each Branch employee to the nearest whole hour. 
For the Activity Code in Figure 1.8.1, each employee shall use the most relevant 
Activity Code from Table 1.8. 1. The form shall be submitted to the appropriate 
Section Timekeeper no later than close of business on the first Monday of each 
pay period. All leave, c~nsatory time, and overtime, whether earned or taken, 
IIIJSt be turned in to the appropriate Section· Timekeeper by 0900 on the second 
Thursday of each pay period. These times/days may vary on holidays. A notice 
will be posted in each Section Secretary's office if leave should be· turned in 
earlier. 

employee with 
on any Superfund 

Distribution 

either a fixed Superfund 
activity 

Timesheet 
during 

(Figure 
a pay 

1.8.2). 

account 
period 

This 

nunber 
shall 

or any erll' l oyee 
also c~lete the 

form shall be. filled out 

Each 
who works 
EPA Payroll 
to the nearest hour f~r regular hours worked and to the nearest quarter hour for 
overtime. The report shall be signed and dated by each ~loyee prior to turning 
it in to their Section Timekeeper on the first day of each pay period. The 

date. By noon on 
form to the Section 

Timekeeper ·gives the supervisor the form to review, sign, and 
the second day of each pay period, the Supervisor returns the 
Timekeeper. 

All requests for c~nsatory time and overtime IIIJSt be submitted in ad· 
vanc:e of projects and approved before It can be earned.- overtime/c~nsatory 

time requests should be submitted ·to the appropriate Section Secretary on the 
bottom of the Request for Travel Order Form (Figure 1.8.3). These requests 
should be subml tted at least two weeks. In advance of projects, and shall be 

initialed· by the employee's inmediate supervisor. The appropriate Section 
Secretary shall c~lete the ReqUest for Authorization of OVertime ~ork (EPA . Form 
2560·7) for approval by the Division Director. 
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All 

appropriate 

overtime 

Section 
be signed 

. Unit 

and compensatory time earned shall be submitted to the 

Timekeeper utilizing the form shown in Figure 1.8~4. This 

. form should 
appropriate 

by the project leader/field investigator, initialed by the 

Chief, and signed by the appropriate Section Chief. llhen field 

operations are conducted during the second weeli of the pay period, the project 

leader or field 
0900 on Thursday 
personnel. 

investigator 
and report 

shall call the appropriate Section Timekeeper by 
any overtime and compensatory time earned by project 

Blanket authorization for hazardous duty pay is approved . on an annual basis 

for 
Duty 

Hazardous llaste 
Pay Approval 

Section 
Form 

personnel. The Overtime/Compensatory Time/ Hazardous 
(Figure 1.8.4) must be c~leted for all approved 

personnel 
from the 

earning hazardous . duty pay. The form shall be c~leted upon return 

The 

the 

1.8.2 

field investigation 
justification 

Section Safety 

for hazardous 

Officer, 

Purchase Requisitions 

for approval by the Chief, Hazardous llaste Section. 
duty pay shall be signed by the Project Officer, 

and the Chief of the Hazardous llaste Section. 

1980·8 (Procurement All purchase 
Request/Requisition). 

requests 
This 

shall 
form 

All 

be submitted 
shall . be routed 

on EPA Form 
through the· appropriate Unit 

Chief to the Section 
written justification 
as to why the purchase 
be so noted below 
justification shall 

Chief. 
on a separate 
is 

the 
also 

necessary 
written 

be used 

purchase requests 
sheet of paper 

(if the request 
justification). 

when purchases are 

1.8.3 Travel Authorization Requests 

shall 
attached 

contain 
·to EPA 

is for Superfund, 
This form 

made utilizing 

a specific 
Form 1980·8 

it should 
and written 

petty cash. 

All travel requests shall be made 
(Figure 1.8.3), initialed by the inmediate 
be submitted to the appropriate Section 

on the Request 
supervisor, 

secretary at 

·~or 

and 
least 

Travel Orders Form 
shall 

in 
Cif possible) 
10 working days 

advance of the scheduled travel. 

1.8.4 ·llord Processing Procedures 

lo minimize risks of multiple copies, all reports 
finalized through the clerical staff. The clerical staff will 

and memos will 
be responsible 

be 
for 

proper formatting, editing, and final distribution of each document; Once a 
document has been submitted for f ina li zat ion, no further editing should occur to 
the document unless it is on· the "official working COpyl1 which has been submitted 
to the clerical staff. 

1.8.5 Report and Correspondence Distribution 

After report distribution memos and correspondence have been signed, these 
items will be returned to the appropriate Section Secretary or Clerk·lypist for 
distribution. 
such Items. 
authority) 
Chief, end 

In general, other Branch enJJloyees ~ !!2! make distribution of 
Memos or correspondence for the Division Director (or higher level 

must be initialed by the originator, the Unit Chief,. the Section 
the Branch Chief prior to submittal to the Division Director's 
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Secretary. The appropriate Section Secretary wi 11 carry all correspondence for 

the Division Director's signature · directly to the Division Director's Secretary. 

1.8.6 Vehicle lise and Cheek-Out 

The keys for Branch sedans are kept in the Air and ·Uater Compliance Section 

Secretary•s office in a locked box, and the keys for Branch field vehicles are 

kept in the Hazardous Uaste Section Secretaries's office in a locked box. All 
vehicles shall be checked out by Branch personnel utilizing the check-out sheet 

located in the appropriate Section Secretary's office. Any needed repairs shall 
be noted on the check-out sheet along with the ending vehicle mileage at the 
conclusion of a trip when the keys are returned. The gas tank for all vehicles 
shall be at least three quarters full when returned to the Athens facility. 

1.8.7 Field Equipment Cheek-Out 

Branch field personnel shall use the current 
(Figure 1.8.5) to specify the field equipment needed 
All requested information (including 
code for which the investigation is 
mi ttal to the warehouse staff. The 
warehouse staff at least five working 
needed (except in an emergency). 

1.8.8 CERCLA/RCRA Site Map Requests 

Requests for hardcopy production 

account 
charged) 
load-out 

days 

ntllber, 
shall 
form 

prior 

of site maps 

field 
for 

equipment 
specific 

project n1.611ber, 
be CC~~¥>leted 

load-out form 
field studies: 

and activity 
prior to sub-

should be submitted to the 

to the time the ·equipment is 

and other graphic output to 
be produced by the Hazardous Uaste Section AutoCAD/Happing workstation should be 
CC~~¥>leted using the form shown in Figure. 1.8.6 or equivalent. Requests for non· 
CERCLA/RCRA work liS well as requests by non-HilS Section personnel require 
approval by the HilS Chief. 

1.8.9 Requests for Analytical Data ·slm!lllry Tables 

The Hazardous Uaste. ·section has developed computer programs that produce 
tables s1.1111111rizing ESD/ASB and CLP laboratory analytical data results. Since 
these programs require direct access to the ESD/ASB computer databases and 
appropriate accounts and access rights on the laboratory's computer, requests 
should be made to the HilS using the form shown in Figure 1.8.7 or equivalent. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
REQUEStS FOR TRAVEL ORDERS Page 6 cif 20 

Names. ______________________________________________________________ _ 

I 
Dates of Travel ______________________________________________ ~--~---

I Site Name(s) ______________________ ~~--------------------------

I 
Site Location(s)_. __________________________________________________ __ 

Site Account 
N~r(s) __________________________________________ __ 

I Purpose 
of Trip. _________________________________________________ _ 

I ****************************************************************************** 

.LODGING 

I 
City/County ___________________________ Hotel ________________________ _ 

Cost _______________________________ ....;Actua l Expenses. _______________ _ 

****************************************************************************** 

I DO YOU NEED FLIGHT RESERVATIONS? Yes No 

Beginning Date LV Time Flight # 

I AR Time 

Returning Date LV Time Flight 

AR Time I 
****************************************************************************** 

I DO YOU NEED A RENTAL CAR? Yes No ) 

Confirmation #. ___________________ Agency. ________________________ _ 

I Rate ____________ ~----------------s.ize ____________________________ _ 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

I REQUEST FOR OVERTJHE/COHP TIME 

No. of Hrs-----------------------------------------------------------

I 
Submitted . By: _________________ _ 

I Approved By: _____________________ U.nit Chief 

I 
_________________________ section Chief 

I 
I 



PROJECT 

ACCOUNT 

FIGURE 1.8.4 
OVERTIME/COMPENSATORY TIME/HAZARDOUS DUTY PAY APPROVAL 

Section No. 
Revision 
Date: 

No. 
2!1/91 

7 of 20 Page 

FORM 

USE ONE FORM FOR EACH PROJECT 

NAME: ________ ._PROJECT NUMBER: _________ _ 

NUMBER. _________ PROGRAM ELEMENT: _________ _ 

1.8 
0 

NAME DATE OVERTIME COMP TIME HD PAY 

PROJECT LEADER:. _______ _ APPROVAL/DATE 

CHIEF, H\IS. _________ _ APPROVAL/DATE. __________ _ 

HAZARDOUS DUTY PAY JUSTIFICATION 

SAFETY OFFICER: ________ APPROVAL/DATE. _________ _ 

CHIEF, H\IS:. __________ APPROVAL/DATE. _________ _ 

I 
I 
I 
I 
I 
I 
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FIGURE 

HAZARDOUS 

1.8.5 
\JASTE SECTION 

LOAD OUT SHEET 

Section 
Revision 
Date: 
Page 8 

No. 1.8 
No. 0 

Z/1/91 
of 20 

Project Leader _______ EXT •. _.;....._ __ Activity Code, __ _ Loadout Date 

Study(s) ST ·---- Project No. 
Account NoCs). _______ RCRA? 

SOIL/SEDIMENT/UASTE 

S. S. Shovels 

Hand Augers 411 heads 
_Extensions 
_Pins (jar) 
_Handles 

~ll s.s. Se2ons 
_(S) 

~Ll Glass Pans 
_(S) 

Scoops 
_scoop 
_Conduit 

Brackets 
Pipe 

(l) s.s. Ponar Dredge 
_(S) 

_3/8" Rope Cft) 

Miscellaneous 
_Glass Tube 
_Bacon Bonb 
_col iwasa Tubes 
_s.s. Push Head Cea) 
_Shelby Tube/pushhead(ea) 

~ 
_Well Sounder #. ___ _ 

_2" Teflon8 Bailers 
_Bailer Rope (spool) 
_Phase Detector #. __ _ 

_Graduated Cylinder 

.!!..b.Qru 
_surgical (latex) 
_Neoprene · Rubber 
_Butyl Rubber (ea) 
_PVC (ea) 

_cotton Work (ea) 
_silver Shields 

UEll INSTALLATION 
_Lit• Beavere 
_Auger Points 
_Auger Flights 

2" Sand Points 
2" Well Casings 

(Box> 
(Box) 

CERCLA? Vehicles(s) 

· Peristaltic Pl!llO(S)#' 

_Silastic 
_Teflon4' 
_vacu1.111 
_H. Flex 

Tubing (coil) 
Tubing C25 1 roll) 

Inserts (jar> 
Cables (set) 

_Ful tzS PI.J!1)(S)# __ _ 
#. _____ #. ___ _ 

_Extra Fultz Heads CS/L) 
_Power pack 
_ 24v tables (set) 
_ Charging Units (ea) 
_24v Generator 

Goulds Pl!llp . #. ___ _ 

_Extension Cord 
_110v Generator 
_Hose (ft) 
_3/8" Rope (ft) 
_Tripod 

Geo Guard tl 

Geo - Guard Control Box 

- Geo Guard COfll)ressor 

Well \lizard # 
_3011 Controller (elect.) 
_3111 Controller 
_Air tomector 

12v Comector -
BATTERIES 

_12 volt 

(gas) 

SURVEYING EQUIPMENT 
_.Transit #. _____ _ 

_Level #·------
_Rod . #. ______ _ 

_Altimeter 
_steel Tape Cea) 

Tape _Fiberglass 
Targets 

• Cea) 
Tape Cea) 

(ea) 
(ea) _Aerial 

_Flagging 
_cloth 
_Tacks 
_Wood 
_Sledge 
_Hanmer 
_orange 
_Pll.llb 

Stakes 
Hanmer 
(ea) 
vests 

(ea) 

Cea) 

Bob 

l l 

_Topcon#. ___ _ 

_Prisms" 
_Prism Tripods 
_Thermometer 
_Barometer 
_Field Book 

GEOPHYSICAL 
_ Magnetometer 
_Metal Det. 
_EH·31#. ___ _ 

.# _ 

(L),(S)# 

_EH·34 # ___ _ 

_wadi 

LIQUID CONTAINERS 

Liquid 
_1Gai.CExt/Pest) 
_u Poly Met/Cyanide 
_40·ml VOAs·3/sample 

__ Chlorinated 
__ Non-Chlorinated 

_500ml Glass(Phenol > 

Soi l!Sed/Sludge 
_8oz 
_2oz 

Ext/Pest/Cyan· 

~ 

Miscellaneous 
_1 Gal Plastic 
_4oz white·cap jars 
_500·ml Polyeth. · 
_1/2 Gal Plastic 
_1 L. W/M Clr. Glass 

Concentrated Waste 
_8oz Glass (jar) 

REAGENTS 

_HN~ 

NaOH 
-H2so 
- 4 

(500ml) 
(bottle) 
(500ml) 

_Thiosulfate 
_Zinc 
_Ktl 

Acetate 

_·Ascorbic Acid 



FIELD ANALYSES 

_pH 
_pH 

_pH 
_pH 

Paper 
Meter (old) __ 
Meter (new) __ 

Buffer (set) 
Storemore jars 

_cond. Meter# __ _ 

_ o.o. Meter# __ _ 
# ______ _ 
# ______ _ 

ICE CHESTS (L,S, 6pek) 

_Plastic Crates (l,S) 

Plastic 
_Large 
_Hedil.l!l 
_small 
_\Jhirl-Pakse 

Bags 

!.lli. 
_Fiber 
_Duct 

(ea) 
(ea) 

_Electrical 
_ Masking Cea) 

(ea) 

SAMPLE SHIPPING 

_vermiculite 
_oust Masks 

(Bag) 
(Box) 

Sanple Cans w/ Clips 
_Gallon (ea) 
_Quart Cea) 

shieeim~ Boxes:l 
StJ~:rofoam Inserts 

- 1 Quart (ea) 
_4 Quart (ea) 

- 1 Gallon . , Cea) 

Special Requests 

Released By: 
Released To: 

FIGURE 1.8.5 (CON'T) 

SAFETY ECUIPHENT 

XL L H s 

One Piece Suit 
_Tyvek 

_Green 
_Yellow Splash . Suit · (ea) 

_Disposable Booties (pr) 

_Tent (ea) 

_Drink 

_Chaires> 
_Tables 

Cooler 
(ea) 

(ea) 

_coot ing Vests 

(ea) 

_Brass Tools (set) 
_Rangers (set) 
_Extra Air Tanks (ea) 
_Ultra Twin Canist.(set) 

_cascade System 
· _Boundary Tape·Excl Zone 

_Boundary Tape·Supp 

_Boundary Tape·Cont 
_Eye \lash System 

Zone 

Zone 

_tooling Vest & Batteries 

SAFETY MONITORING 

_Air Monitoring Box# __ 
_OVA# ______ _ 

_ Tip II # ___ # __ _ 

FIELD CLEANING 
_wash Tubs (ea) 
_Pump Sprayer Cea) 
_Distilled· Water (gal) 
_Organic Free Water (gal) 
_Hill i -Q Water System 
_Isopropanol (gal) 
_Liquinox (bott) 
_Graduated Bucket (ea) 
_Brushes (ea) 
_All.l!lini.ITI Foil (box) 
_. Garbage Bags (ea) 
_Oi I Wipes (ea) 
_saw Horses (pr) 
_Plastic Sheets (box) 

pate: Returned To: 
pate: Returned To: 

Section No. 1.8 

Revision No. 0 

Date: 2/1/91 
Page 9 of 20 

PROJECT 

_Tags 
_custody 

_custody 
__ Saqlle 

LEADER 

(bundle) 

Seals 

Sheets 

Receipt 
_Travel Orders 

_Hotel RSVP 

_Topo/Cuad/Photo 
_Hand Radios 

(box) 

_Hand Rad. Charger 

_safety Bag(s) 

_camera 
_Film 
_Instruction 
_Notebook(s) 

Manuals 

_Traffic Reports 
_Air Bill(s) 
_Hazardous Manifest 

MISCELLANEOUS 

_Extension 
_Trailer 
_Trailer 

Cord 
(large) 

(small> 
_Trailer 
_Bungi 

(H) Hearse) 
Cord ·(ea) 

_cas 
_Boat 

Can (ea) 

_Life Vest(s) (ea) 
_oar(s) (ea) 
_\Jaders (pr) 
_Flashlight Cea) 
_Machete (ea) 
_Wtizz \/itch 
_Jumper Cables (set) 
_safety Harness Cea) 
_Fluorescent Paint 
___ 12v Floodlights 

Box (ea) 
Towels 

Hose 
(pies) , 

_Tool 
_Paper 
_Garden 
_Gator 
#CHECK 

Aid (pies) 

PAGE ONE 
_•_Reagents 
_ •_Lit' Beavere 
_•_24v Generator 
_ •_110v 

_•_PUMPS 
Generator 

Date: 
Date: 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
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REQUESTOR'S NAME: 

TYPE OF REQUEST: 

DATE OF REQUEST: 

PROJECT NUMBER: 

PROGRAM ELEMENT: 

NAME OF OLD DRAiliNG TO USE AS 
(lF APPLICABLE) 

HAZARDOUS 
(REQUIRED 

. llASTE SECTION CHIEF 
FOR All NON·CERCLA/RCRA 

Section No. 1.8 
Revision No. 0 
Date: 2/1/91 
Page 10 'of 20 

FIGURE 1.8.6 
AUTO CAD REQUEST FORM 

CERCLA __ RCRA -- OTHER --
DATE REQUIRED: 

ACCOUNT NUMBER: 

FIGURE NUMBER: 

TEMPLATE: 

SIGNATURE: ______________ _ 

OR NON·H\IS REQUESTS) 

COMMENTS: 

COMPLETED BY: _______ _ DATE:. ____ _ 



FIGURE 
DATA TABLE .• DEFINITION 

1.8.7 
ENTRY 

Section 
Revision 
Date: 

No. 1.8 
No. 0 

2/1/91 
SHEET Page 11 'of 20 

FIRST and LAST INITIALS: 
(computer will assign the DBNAME 

PROJECT NUMBER: -based on info at left, WRITE IT) DOWN!) 

TABLE ID: (1 or 2 char): DB NAME = 

YOUR LAST NAME: OATE TO RUN: I - - '-
H H D 0 y 

INCLUDE NONDETECTABLES CY or N)? C"Y"es:. will give all "U" values) 

SORT COMPOUNDS ALPHABETICALLY? (Y or N)? C"N"o is the default) 
****************************************************************************** 

* ANALYSES TO PULL (Answer Y or N): 
ALL VOAORG EXTORG PEST/PCB METALS SPECIFIED CCN) 

****************************************************************************** 

* (You may enter up 

TABLE TITLE #1: 

TABLE TITLE #2: 
TABLE TITLE #3: 
TABLE TITLE #4: 

TABLE TITLE #5: 

to 5 titles, up to 40 characters each) EXAMPLE: 

TABLE 

ANALYTICAL 
BOZO'S TOXIC 
FUME CITY, 

DATA SUMMARY 
IJASTE, INC 

NEIJ JERSEY 

JANUARY, 1988 
****************************************************************************** 

SAMP 
SAD #1: __ 
SAD #2: __ 

(optional) 
STATION: __ _ 
(8 char) 
DESCRIP: __ _ 
(8 char) 
DESCRIP: __ _ 

C8 char) 

SAHP 9 
SAD #1: __ 
SAD #2:_ 

(optional) 
STATION: __ _ 
(8 char) 
DESCRIP: __ _ 
(8 char) 
DESCRIP: __ _ 
(8 char) 

SAMP 2 

SAHP 10 

SAMP 3 SAMP 4 SAMP 5 SAMP 6 SAMP 7 SAHP 8 

SAHP 11 SAHP 12 SAHP 13 SAHP 14 SAMP 15 SAMP 16 

y 
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I 
I 
I 
I 
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I 
I 
I Program 

Element 

I 010 
012 

I 
013 
014 
015 
016 

I 017 
018 
020 

I 021 
023 

I 051 
052 
053 

I 054 
055 
056 

I 
057 
058 

I 100 
101 
102 

I 103 
104 
106 
107 

I 108 
109 
110 

I 11i 
112 
113 

I 
120 
121 
122 
123 

I 124 
125 
126 

I 
127 
128 
133 

I 
I 

TABLE 1.8.1 
ACTIVITIES COOES 

RESOURCE .• TRACKING SYSTEM 
GENERAL (USE APPROPRIATE 

Activity 

General Administrative 
Administrative .- Personnel, 
Timekeeping 

Attended. 
Training 

Training 
Safety 
Training 
Property 
Procurement 

Plan Development 
Inventory 

Clerical 
Equipment Maintenance 
Vehicle Maintenance 
Equipment Repair 

~ 
Annual 
Sick 
Holiday 
Administrative 
Hazardous Ueather 
Jury 
LUOP 
C~nsatory Time (Taken> 

Management/Supervision 
General 
Review of National Guidance 
Uork Plan Development/Review 
Regional 
Regional 

Program 
Program 

Literature Review 

Reviews 
Planning 

Workload Hodel Review/Input 
End of Year Review (Personnel) 

ACCOUNT) 

Performance, 

Mid·Year/End·Of·Year Review (Personnel> 
SPHS/STAR ·-Report/Preparation 
Study/Project Plan Review 
Peer Review Reports· 
Report Preparation 
Office/Lab Cleanup/Hove 
E~loyee Physical 

Section No. 1.8 
Revision No.O 
Date: 2/1/90 
Page 12 ·of 20 

Travel, Etc. 

Attendance at Conference, Seminars, Conventions, Etc. 
Steff Meetings 
Health end Safety Meetings 
FOI Requests 
Committee Meetings 
Program Meetings 
General Meetings 
Congress I one l Response{l nqui ry 



TABLE 1.8.1 (CONTINUED) Section No. 1.8 
Revision No. 0 

AIR MONITORING (A2304P009) Date: 2/1/91 
Page 13 "of 20 

Program 
Element Activity 

201 
202 
203 
204 
205 
206 
207 
208 
209 
211 
282 
551 

251 
252 
254 
255 
256 
257 
258 
261 
262 
263 
264 
265 
266 
267 
268 

259 
260 
287 

269 
270 
283 

284 
285 
286 
287 

271 

272 
273 

Technical Assistance 
Develop State/Local Agency Capabilities 

TA to EPA Program Personnel 
TA to State/Local Agency Personne~ 

TA to HQ Personnel 
TA to Other Federal Agency Personnel 
On-site TA 
General TA 
Assistance to State/Local 

to State/Local 
Conducted 

Agencies 
Agencies 

- Acid Rain 
Assistance 
Training 
Trends 
OA/SOP 

- Air Toxics 

Analysis 
Plan Reviews including Branch SOPQAH 

Evaluations 
Project/Study 
State/Local 

Plan Review and Preparation 
Agency Lab Evaluations 

Site Evaluations 
NAMS (New Sites) 
NAMS (Existing Sites) 
SLAMS (New Sites) 
SLAMS (Existing sites) 
NAHS Docunentat ion 
SLAMS Docunentation 
OAHS Audit 
EMSL Audit 
NAAS System Audits 
Pre-audit Preparation 
Audit Report Preparation 
Performance Audits 

Revisions 

Precision & Accuracy and Data Sutrnittals/Retrievals 
P&A Reports 
P&A Evaluations 
SAROAD Retrieval/System Support · 

Air Toxics MonitoringlS~cial Studies 
Air Toxic$ Monitoring Studies - Ar!Oient 
Air Toxics Monitoring Studies - Superfund 
Air Monitoring Policy Manual 

Criteria Monitoring 
Calibration/Certification Orifice 

Ozone Calibrator/Monitor Certification 
CO Saturation Monitoring 
PM10 Saturation Monitoring 

Network DesignlRedesign S~cial Enforc-nt Activity 
Ozone 
Criminal 
CO Network 
TSP, so2, 

Network Redesign 
Investigations 

Redesign 
& Pb Network Redesign 

272 
273 

Civil 
Adnin. 

Investigations 
Enf. Actions 

271 
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I TABLE 1.8.1 (CONTINUED) 

I 
\lATER QUALITY ENFORCEMENT (AFE04P000) 

Program Program 

I 
Element Activity Element 

Technical Assistance 
202 TA to EPA Program Personnel 250 

I 203 TA to State Agency Personnel 
204 TA to HQ Personnel 
205 TA to Federal Agency Personnel 409 

I 
207 On-site TA 402 
211 Training Conducted 403 
551 QA/SOPQAM Activities/Updates 404 
101 Review of National Guidance 372 

I 373 
Inspections 

301 PAl . Major Municipal . I 302 PAl Minor Municipal 360 
303 PAl . Major Industrial 361 
304 PAl . Minor Industrial 362 

I 
305 PAl . Federal Facility 
306 CSI Major Municipal 
307 CSI . Minor Municipal 368 
308 tSI . Major Industrial 

I 309 CSI . Minor Industrial 
310 CSI . Toxics 
311 CSI . Federal Facility 347 

I 
312 CEI . Major Municipal 348 
313 CEI - Minor Municipal 363 
314 CEI . Major Industrial 
315 CEI - Minor Industrial 364 

I 316 CEI - Federal Facilities 
318 Rl - Major Municipal 
319 Rl - Minor Municipal 338 

I 320 Rl - Major Industrial 
321 Rl - Minor Industrial 
322 Rl - Federal Facilities 279. 

I 
323 LSI - Major Municipal 
324 LSI - Minor Municipal 
325 LSI - Major Industrial 
326 LSI - Minor ·Industrial 

I 327 LSI - Federal Fecit it ies 
328 DE - Major Municipal 
329 DE - Minor Municipal 

I 
330 DE - Major Industrial 
331 DE - Minor Industrial 
336 DE . Federal Fecit ities 
400 DE (MIIPP) 

I 401 DE (Tech Transfer) 
341 Biomonitoring 
337 Toxicity Study . 

I 
357 . Toxic Sludge 

I 
I 

Section No. 1.8 
Revision ·No.O 
Date: 2~1/91 

Page 14 of 20 

Activity 

State Overview 
General 

Special Enf. Activities 
Show Cause Hearings 
Consent 
AO 

Decree 

Attorney Consultation 
Criminal Investigations 
Civil Investigations 

Pretreatment 
Pretreatment 
Pretreatment 
Pretreatment 

Underground 
UIC 

Inspections 
Compl Insp. 
Check 
Audit 

Injection 

Special llater Qual i ty 

Studies 
\later 
Toxicity 
Support 

Qual Monitoring 
Studies 

Permit 
Activities 
NPDES Enforcement 

lletlands/Oceans 
Field Investigation 

Miscellaneous 
EIS Review 



TABLE 1.8.1 (CONTINUED) 
~ATER QUALITY MONITORING CA5304P009) . 

Program 
Element 

101 
105 
211 
280 
551 

103 
280 

201 
207 
210 

202 
203 
250 
274 
282 

366 

204 

366 

366 

103 
207 
251 

Activity 

Technical Assistance 
Review of · National Guidance 
Review 
Training · 

of ~ater Monitoring 
Conducted 

Strategy 

Review of Amual ~orl:plans 

CA/SOPCAH Review/Update 

Program Evaluation 
Program Review Regional 

State Program Review 

Technical Assistance to States 
Developing State Capabilities 
General TA 
Multimedia Geographical Area Assessments 

Water Quality Technical Assessments 
of Regional Documents Review 

Review 
Emerging 
Success 
Trend 

of State Prepared Documents/Reports 
Problems 

Stories/PR 
Analysis 

Technical Assistance 
Field Investigations 
Other Assistance 

Technical Assistance 
Field Investigations 

Special Monitoring 
Field Investigations 

to HQ 

to Region 

for States 

Estuarine/Marine Program 
Review 

Assistance 
Program 
Technical 
Overview of ~ork Plans and ~ork Products 

Section No. 1.8 

I Revision No. 0· 
Date: 2/1/91 
Page 15 ·of 20 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
·I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

HAZARDOUS 

Program 
Element 

101 
211 
551 

207 

201 
280 

281 
203 
211 

104 
211 
202 
211 
205 

TABLE .. 1.8.1 . (CONTINUED) Section 'No. 1.8 
Revision No. 0 

WASTE MANAGEMENT CA8004P009) Date: 2/1/91 
Page 16 of 20 

Activity 

Technical Assistance 

Review of Program Guidance (Not Enforcement Related) 
Training Conducted 
QA Activities Including SOPQAM Revisions 

Technical Review of Waste Analysis Plans 

State Program Reviews, Training, Technical Assistance 
Review of State Grant Package 
Review of State Program Plan 
Mid·Year or End·of-Year Program Reviews 
Technical Assistance for State or· Local Agencies 
Training Presented to State or Local Agencies 

Program Planning, Training, Technical Assistance 
Program Planning 
Training Presented to EPA Program . Personnel 
Technical Assistance for EPA Program PersoMel 
Training Presented to Other Federal Agency Personnel 
Technical Assistance for Other Federal Agency Personnel 



HAZARDOUS 

Program 
Element 

101 
211 
551 
202 
203 
206 
289 
295 

350 
352 
353 
354 
356 
357 

372 
373 
366 

407 
408 
403 

280 

TABLE 1.8.1 · (CONTINUED) Section No. 1.8 

~ASTE ENFORCEMENT .(AGD04P009) 

Activity 

Technical 
Review of 
Training 

Assistance 
National 

Conducted 
Enforcement 

QA Activities 
Technical 
Technical 

Including . SOPQAM 

On· Site 

Assistance 
Assistance 

Technical 

to Program 
to State 

State/Contractor 
Assistance 

Field Overview 
Docunent Review 

Investigations and Inspections 

Guidance 

Revision 
Staff 

Personnel 

C011'4'rehensive 
C011'4'rehensive 
C011'4'rehensive 
Case Development 
Case Development 
Case Development 

Groundwater Monitoring 

Field 
Field 

Support 

Groundwater . Monitoring 
Groundwater Monitoring 

Investigations/Evaluations 
Investigations/Evaluations 
Investigations/Evaluations 

Investigative Support for Civil 

Revision No. 
Date: 2/1!91 
Page · 17 of 20 

• Civil/Criminal/Admin. 

Evaluations 
Evaluations 
Evaluations 

• TSD • Major· 
• Federal Fac. 
• State Facility 

• TSD • Major 
• Federal Facility 
• State Faci I i ty 

Enforcement Actions 
Field Investigative Support for Criminal Enforcement Actions 
Field Investigative Support for Administrative Enforcement Actions 

Litigation Suooort 
Litigation Support for Civil Enforcement Actions 
Litigation Support for Criminal Enforcement Actions 
Litigation support for Administrative Enforcement Actions 

State Program Oversight/Technical Assistance 
State Program Review 

0 
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I 
I 

HAZARDOUS 

I Program 
Element 

I 1D1 
211 

I 
551 

538 

I 369 

I 295 
289 
296 

I 
290 
297 
292 
298 

I 291 
295 
293 

I 
294 

278 

I 281 

I 202 
2D3 

I 
211 

I 
I 
I 
I 
I 
I 

TABLE 1 .8. 1 (CONTINUED) 

SUBSTANCE SPILL AND SITE RESPONSE 

Activity 

Technical Assistance 

(TFA04P700) 

Section · Ho. 1.8 
Revision 
Date: 

No. 0 

2/1/91 
Page 18 of 20 

Review 
Training 

of National 
Conducted 

Guidance (Not Enforcement Related) 

QA Activities lnc\lJding SOPQAM Revisions 

Sa!!!;!le Control Center 
Operation of the Sample Control .. Center (RSCC) 
Scheduling ESD Field Inspections 

Contractor overview 
Review of EPA Fund-Lead RI/FS Contractor Docunents 
on-Site Overview of Fund-Lead RI/FS Contractor Field Activity 
Review of EPA Enforcement Lead. RI/FS PRP Contractor Docunent 
Review of EPA Enforcement lead Rl/FS PRP Contractor. Field Activity 
Review of State or State Contractor Prepared RI/FS Docunents 
On-Site Overview of State or State Contractor RI/FS Field Activity 
Review of State Enf. lead PRP Contractor Prepared RI/FS Doc. 
Review of State Enf •. lead PRP Contractor Rl/FS Field Activity 
Review of FIT Study Plans 
Review of FIT Reports 

. On-Site Overview of FIT Field Activity 

State Overview Activity 
On·Site OV of State or State Contractor Screening Site Inspections 
(SSI) 
Mid·Year Evaluation of State Superfund Grant Program 

Technical· Assistance and Training 
Technical Assistance to EPA Personnel 
Technical Assistance to State Agency Personnel 
Training Presented 



HAZARDOUS 

Program 
Element 

101 
211 
551 

373 
372 

366 
374 

407 
410 
408 
403 
406 

296 
290 
297 
291 
294 

TABLE 1.8.1 (CONTINUED) 

SUBSTANCE RESPONSE AND ENFORCEMENT 

Activity 

Technical Assistance 
Review 
Training 

of National 
Conducted 

Enforcement 

QA Activities Including SOPQAM 

Field Investigations in Suooort 
Field Investigations in Support 
Field Investigations in Support 
Field Investigations in Support 
Field Investigations in Support 

Litigation Suooort or Technical 
Litigation or Technical Support 
Support for EPA Superfund Cost 
Litigation or Technical Support 
Litigation or Technical Support 
Litigation or Technical Support 

Contractor Overview 

Section "No. 1.8 

Revision No. 0 
(TGB04P009) Date: 2/1/91 
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Guidance 

Revisions 

of Enforcement Activities 
of Civil Enforcement Actions 

. of Criminal Enforcement Actions 
of Adm Enforcement Actions 
of State Enforcement Actions 

Assistance for Enf. Actions 
for EPA Civil Enf. Actions 

Recovery Program 
for EPA Criminal Enf. Actions 
for EPA Adm. Enf. Actions 
for State Enf. Actions 

Review of EPA Enf. Lead Contractor Prepared RI/FS Docunents 
On·Site Overview of EPA Enf. Lead PRP RI/FS Field Activity 
Review of State Agency Enf. Lead PRP Contractor Prepared RI/FS Doc 
On·Site OV of State Agency Lead PRP Contractor RI/FS Field Act. 
On·Site OV of EPA Enforcement Contractor Field · Activity 

I 
I 
I 
I 
I 
I 
I 
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I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
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DREDGE 

Program 
Element 

207 
206 
413 
366 

279 

TABLE 1.8.1 (CONTINUED) 

AND FILL CAGH04P009) 

Activity 

Program Assistance 
Desk-Top 
On· Site 
Expert 

Environmental Assessment 
Technical Advice 

Witness/Consultant 
Field Investigation 
EIS Review 

for ·Litigation/Settlement 

·Section "No. 1.8 
Revision No. 0 
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-- ........ ----------- ...... -- .. -----------------------------------------------------
DRINKING 

Program 
Element 

366 

202 
203 
204 

UNDERGROUND 

Program 
Element 

101 
202 
203 
366 

WATER CA7004P009) 

Activity 

Field Investigation 
Technical Assistance 
Technical 
Technical 

Assistance 
Assistance 

to EPA Personnel 
to State Agency 
to HO 

STORAGE TANKS CA4E05GOSL) 

Activity 

Review of National 
Technical Assistance 
Technical Assistance 
Field Investigation 

Guidance 
to EPA Personnel 
to State Personnel 

Personnel 
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1.9 BRANCH PROCEDURES FOR OBTAINING ANALYTICAL SUPPORT 

1.9.1 General 

Analytical support for Branch field investigations is available from 

ni.Jilber of sources including . in-house analytica[ support from the . Analytical 

Support Branch (ASB), other EPA laboratories, the National Contract Laboratory 

Program (CLP), or other private contract laboratories. Procedures . to be followed 

for obtaining this support are contained in the following paragraphs. 

1.9.2 Specific Procedures 

All arrangements for analytical support are ultimately channeled to the 

Analytical Support Branch (ASB). · All requests 

support, or for contract laboratory support other 
Program (CLP), are handled directly 

(Superfund) are normally directed to the 
Laboratory 
support 
(RSCC • i.e., Chief, Hazardous ~aste Section). 

for in-house (ASB) analytical 

than from the National Contract 
by the ASB. Requests for CLP 
Regional Sample Control Center 

projects 
In either 

as they 
as far in 

analytical 

case, 
are 

the ASB 
received. 

Sample Custodian 
Requests for 

assigns 
analytical 

project 
support 

support 

m .. mbers for all 
should be ·sub· 

mitted 
and the 
The ASB 

advance ·as possible to insure · 
analytical 

that the can be obtai~ed 
are not exceeded. 

in an emergency. 
capacities of the laboratories 

will not accept sa~les without a project m.mber, except 

The Sa~le Custodian requires the following information to assign a project 
nl.llber: 

ses 

for 

1.9.3 

• name/facility name; 

• of project/facility (city and state>; 

• 

project 
location 
type of 
date of 

study, 
Study 

activity, 
and sarrple 

. and program element; 

• 
• nl.llber of sa~les· 

• analyses required 

shipping dates; 
by media; 
by media ·and analysis 

• the analytical turn-around time required. 

Branch 
unless 

personnel should not routinely 
required. it is absolutely 

Blind spike and blank sa~les 

other purposes are obtained from 

Definitions 

for 
the 

request 

inclusion 
ASB (see 

type; and 

quick turn-around 

with CLP sa~le 

Section 4.6). 

for analy· 

shipments or 

1.9.3. 1 National Contract Laboratory Program CCLP) The CLP generally 
supports 
support 

the . Superfund Program. The program can be used for 
by contacting either the Regional Sa~le Control 

~aste Section) or the Technical Project Officer 
Section). All aspects of the. CLP including the 

regional laboratory 
Center (RSCC, Chief, 
(TPO, Chief, Organic 
proper c011pletion of 

Hazardous 
Chemistry 
CLP forms and shipping · procedures are given in the ::.U:;se..,r_.s.__...Gu:::.:.:id::.>e.___...to::...._t:.:.h:.::e_.::C""o:.:.nt..,r_.a:.::c~t 

..,L ... abo=r_.a:.:t::.o.:..ry.___-.:..P'"'ro,..g..,r.::a"'m ( 2). 

a 
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1.9.3.2 Routine Analytical Service (RAS) •• Analysis conducted by the CLP 

which includes volatile organic compounds, semivolatile organic compounds, 

pesticides, metals, and cyanide. ·These . individual parameters are listed on the 

Target Compound List (TCL) and the Target Analyte List (TAL). 

ducted 

1.9.3.4 
by the 

quested through 

be developed 

1.9.3.5 

Target Compound List and 

and 

_Special Analytical Services 

CLP other than 

the ASB as 

for the CLP. 

those included 

soon as possible 

Target Analyte List. "The list of 

normal! y analyzed for by both the 

are included in the Users Guide to · the 

CSAS) 

in the 

since 

Analyses 

TCL/TAL. 

protocols 

that can 

These need 

for analyses 

be 

to be 

have 

con· 

re· 

to 

Detection Limits The optimum detection limits 

inorganic 

are listed 

inorganic 

etc., can 

standardized 

constituents 
in Tables 

in water 

1.9.1 and 

and soi !/sediments . by both the 

1.9.2. Optimum detection limits 

for 

ASB 
for 

organic 

and the 

organic 

and 

CLP 

and 

compounds for other media, 

be obtained from the ASS 

i.e., concentrated 

on request. The 

analytical procedures are contained 

· :S.:..;ra::.:n..:.:c"'h:..a.._......:O::.tpe:.::.:..r:::.a t.:.i:.::o:;.n,__-"a""'nd::::..-....:.C::;ua"'l'-'i..,t ..... y_......,c~o""'n""t .... ro"-'l,__ .... H"'a""n..:::u,ae>.l ( 3) • 

waste, 

detection 

in the 

aquatic 

limits 

Analytical 

organisms, 

for other 
Support 

.1.9.3.6 Regional Sample Control Center CRSCC) •• The RSCC coordinates all 
(ASS aspects of the scheduling of Superfund investigations and analytical support 

and CLP) that involve saq>ling activities. The RSCC is accessed through the 

Chief, Hazardous 1./aste Section. The information ·required to obtain analytical 
support is the same as outlined in Section 1.9.2. Normally, analytical support 
for samples to be collected by EPA contractors is coordinated with the RSCC for 

Superfund projects through the Environmental Services Assistance Team CESAT), 
Saq>le Control Coordinator located in the 1./aste Management Division (IJO). 

Support for Environmental Services Division Superfund activities is coordinated 

by the Hazardous 1./aste Section's, Superfund Unit Chief. 

In addition to coordinating the scheduling 

ties, 
the 

the RSCC is responsible for estimating the 

National Superfund Program. 

The 
Superfund 

RSCC is 
end RCRA 

1.9.4 Distribution 

also responsible for 

activities conducted 

of Analytical Data 

obtaining 
by Branch 

of Superfund saq>l ing activi· 
needed regional CLP support for 

san;>le . containers 
personnel. 

for Branch 

1.9.4., 
analysis will 
RCRA projects 

nunicipal . end 
is completed. 

ASS Laboratory Reports Normally, two .copies of the resuits of 

data requestor 
unused portion 

1.9.4.2 
analyses for 

be sent to the Chief, Hazardous 1./aste Section for all Superfund and 
end to the Chief, Air and IJater Compliance Section for all 

industrial investigations. Analytical data will be reported as it 
I./hen ell project data have been ·submitted, the ASS will notify the 
that the analyses ere complete and request that disposal of the 
of samples be approved. 

l:C:.l P:;._ .. l=:.:a::.::bo:::::.:..r~at:..:o::.:r..zy __ ..::R:..::e~po::::r:.;t~s Normally, 
Branch projects will be distributed 

two copies 

as outlined 

of the 

in Section 

result~ of 

1.9.4.1. 



-

ConcentratIon 
. Description 

Low Uater 
Lov Soil/Sediment 

Hedlun Uater 

OPT I HUM 
TABLE 1.9.1 

DETECTION 

ORGANIC COMPOUNDS 

LIMITS 

UATER AND SOIL/SEDIMENT SAMPLES 

(BASED ON CLEAN . SAMPLES) 

ill 
Detection Limits 

Reported As Purgeables 

NA 5·20 ug/1 

Dry Uelght 10·20 ug/kg 

NA 5·21 ug/1 
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Detection Limits 

Purgeables 

10 ug/1 
10 ug/kg 

10 ug/l 

1200 ug/kg 
· . Hedlun Soil/Sediment Dry Uelght 10,000·50,000 ug/kg 

-

Lov Uater 
Lov soil/Sediment 

Medlt111 Vater 
MediUII ~oll/Sedhnent 

Lov \later 
Soil/Sediment 

Hediun Uater 
Mediun Soil/Sediment 

1 • Detection limits 

NA 
Dry Uelght 

NA 
Dry Velght 

NA 
Dry Ueight 

NA 
Dry Ueight 

may Increase 

Extractables 

10·20 ug/1 
2,000·4,000 ug/kg 

10·20 ug/l 
10,000·20,000 ug/kg 

Pesticides (PCB 1s) 

0.05·5.0 ug/l (1.0·3.0 ug/l) 

50·5,000 ug/1 (500·1500 ug/kg) 

0.05·5.0 ug/1 (1.0·3.0 ug/1) 

50·25,000 ug/kg (2500·7500 ug/kg) 

because of varying sarrple size and/or 

Extractables 

10·50 ug/kg 

1,700·3,000 ug/kg 

10·50 ug/l 
10,000·50,000 ug/kg 

Pesticides (PCB 1s) 

0.05·5.0 

1.7·170 

Ug/l ( 1.0·2.0 
ug/l (33·67 ug/kg) 

ug/1) 

0.05·5.0 ug/1 (1.0·2.0 ug/l) 

1.7·170 ug/l (33·67 ug/kg) 

interferences requiring dilutions 

~: Soil/Sediment Extracting Methods, Hediun level Versus low level: The primary difference in the methods 
is the size of sarrple used for extraction. The low level method uses 30 gm (wet weight) of sample, whereas the 

mediun level method uses 2·3 gm (wet weight) of sample. The negative aspects of the medium level method are 
(1) the quantitation limit is higher and (2) the smaller sample size is less representative of the sample. The 
positive aspect is the · rruch simpler and faster sarrple extraction time. It takes less than an tiour to extract 
a medium level sarrple and four hours to prepare a low level sample while the difference in quantitation 1 imit 
is only a factor of five (1000 ug/kg for low level extractable organics and 5000 ug/kg for medium level). This 
is very significant with the increasing work load and also considering the tack of 'information on whether this 
factor of five increase in quantitation l imft is necessary. 

- - - -·- - - - -·- - - - - - -



I 
I 
I 
I 
I 
I Silver 

Arsenic 
Bari~.n 

Beryll iun I 
Cadmiun 
Cobalt· 
Chromiun 
Copper I 
Molybdenun 
Nickel 
Lead I 
Antimony 

I Seleni~.n 

Tin 
Strontiun 
Telluri~.n 

Titani~.n 

Thall iun I 
Vanadi~.n 

Yttri~.n 

Zinc I 
Mercury 
Alunin~.n 

Manganese 
Calci~.n I 
Magnesiun 
Iron 
Sodiun I 
Potassiun 

I !!Qlli 

I 
I 
I 
I 

TABLE 1.9.2 
OPTIMUM 

INORGANIC 
DETECTION LIMITS 

CONSTITUENTS 
\lATER AND SOIL/SEDIMENT SAMPLES 

\later Soil CDrv 1Jeight2 

(Ug/l) (mg/kg) 

ASB CLP ~ ill 

10 10 1 5 
30 10 3 5 
20 200 2 100 

10 5 1 2.5 
10 s 1 2.S 

.20 so 2 2S 
10 10 s 
10 25 1 12.5 
20 2 
20 40 2 20 
30 s 3 2.S 
30 60 3 30 . 

40 s 4 2.S 
100 40 10 20 

10 '1 

40 4· 

10 1 

10 s 
10 so 2S 
10 
10 20 10 

0.2 0.2 o.os o.os 
100 200 10 100 

25 1S 2.S 7.S 
1000 5000 100 2SOO 

100 5000 10 2500 
100 100 10 so 

1000 5000 100 2500 
5000 2500 

Indicates that the constituent is not analyzed for. 

9. 

. "'01 
1 9 

fe 1.4 03 
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1.10 QUALITY ASSURANCE PLAN 

1.10.1 General 

The procedures outlined in this manual are the basis of the Branch Quat ity 
Assurance Plan. \/here appropriate, each section · wit.hin · this SOPQAM. addresses the 
specific quality control aspects of the subjects covered by that section. The 
Branch Chief shall designate the Branch Quality Assurance Coordinator for the 
Branch. The current Quality Assurance Coordinator is the Chief, Hazardous Uaste 
Section. The Quality Assurance Coordinator is responsible for: seeing that the 
specific quality control procedures as outlined in this SOPQAM are followed, and 
for tracking and recording the results of specific quality control (QC) programs 
(such as .that outlined in Section 4 • Sampling Procedures). The Branch Quality 
Assurance Coordinator is responsible for the field analysis QC program, 
periodically checking the equipnent Logbooks, and notifying .the appropriate 
Section Chiefs, . Unit Chiefs, and Branch Chief of any observed problems; 

The 
personnel 
control 
Chiefs 

Branch 
receive 

and ·Section 
adequate 

Chiefs are responsible for seeing that Branch 
training in order to provide the required quality 

for Branch operations. In addition, the Section Chiefs and/or Unit 
may periodically observe the professional and paraprofessional employees, 

in their respective 
Standard 

sections, 
Operating 

under actual field operating conditions to insure 
that the Procedures, as outlined in this manual, are being 
followed. 

1.10.2 Corrective Actions 

Corrective actions· will be taken any time when deemed necessary. Problems 
with field quality control may result from contamination of field blanks or 
contamination of field equipment and supplies either from the vendor, during the 
cleaning/loadout process, or during field operations. Corrective actions must 
be taken immediately when data or field procedures are of questionable quality. 
These corrections may range from modifying certain procedures to reconducting an 
entire field investigation. The Regional QA Officer (QAO) .shall be notified 
(through the Branch and appropriate Section Chief) of any suspected problems. 
A Corrective Action Plan shall be developed in cooperation with the QAO. 

1.10.3 Peer Review 

AlL non· routine reports and study plans generated 
reviewed in accordance with Region IV Order R2200.1 

by the Branch 
and 

shall 
Clearance 

be 
peer 
of 
be 

Materials for Public Distribution. 
responsible for distribution of 

The appropriate 
• Review 

Section 
documents for peer review 

·Director. 
leader. 

secretary 
after the 

shall 
Peer 

Review 
from 

Clearance 
reviewers 

Form 

shall 
receives 
immediately 

a nonconcurrence, 
notified. 

entire .document shall 

has 
be 

been signed 
considered 

by the Division 

the Branch 
by the project 

and appropriate 
Appropriate 

be resubnitted 
changes/corrections 

for peer review. 

Section 
shall 

All 
If the 

Chief 
be made 

comnents 
document 
shall be 

and the 
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1.11 

policies 
SOPCAM: 
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SAFETY PROGRAM 

The 

• 

• 

• 

Branch safety program 
in addition to safety 

includes 
practices 

the following regulations and 
specified in Appendix N of this 

Safety 
Agency, 
(4). 

and Health Manual, United · States Environmental. Protection 
Environmental Research Laboratory, Athens, Georgia, 1990 

This manual covers safety practices and rules governing .activities 
at the EPA facilities in ·Athens, Georgia. Included in its 
contents are accident reporting procedures, procedures for natural 
and manmade emergencies, safety guidelines for 
laboratories, and special rules for storage of 
wastes. 

Field Health and Safety Manual, USEPA, Region 

This manual 
performed 
training 
protection. 

covers 
in Region 

requirements, 

safety 
IV. 

involved in all field 
It includes regional 

medical monitoring, and 

29 CFR, Part 1910. Hazardous Uaste Operations 
Response; Final Rule, March 1989 (6). 

This is the title for the Department of Labor, 

offices and 
equipment and 

IV, 1990 (5). 

activities 
policy regarding 

personal 

and Emergency 

Occupational ·safety 
end Health 
hazardous 
equipment, 
activities. 

Adninistration 
waste sites. 

end practices 

(OSHA) regulations governing workers at 
It covers 

involved 
requirements 
in specific 

for training, 
hazardous waste 
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Facility/Site Name~--~------------------~----~---------------------------------

I Address•--------------------------------------~----------------------------~~------

Project No. _______________________________ EPA 10 No. ____________________________ __ 

I Facility 

I 
Overview 

Personnel ____________________________________________ ~Date, __________________ __ 

State/Contractor Project 
Leader ____________________________________________________ __ 

I A ff il i at i on, _______________________________________ Phone No. (_. ______ _i..:...,. ________________ _ 

Address. _______________________________________________________________________________ __ 

I 
I 

Sampling 
Personnel ____________________________________________________________________ __ 

I Other Personnel & Affiliation, _____ .;,_ ________________________________________________ _ 

I 
T~ of stoo~-----------------------------------------------------------------

I Stooy plan i ssued? ______________________ Date issued'? ________________________________ __ 

I 
Stooy plan reviewed by ESD? Yes _____ No_____ · Acceptable? Yes ______ _ No. _____ _ 

IJas stooy plan followed? Yes ______ _ No. _____ _ 

I C~ntS~·------------------------------------------------------------------------------

IJas a safety plan prepared for the stooy? Yes. ______ _ No. ______ _ 

I IJas the safety plan adequate? Yes. ______ _ No. ______ _ 

I 
t~nts. _________________________________________________________________________ _ 

IJas the safety plan followed? Yes. _____ _ No. ______ _ 

I 
C~nts. ___________________________________________________________________________ _ 

Additional Conrnents 
or lnfonMtion. _________________________________________________ _ 

I 
I 
I 



REGION 

Checld ist sections c~leted . 
KEY: 1 General Procedures; 

4 Surface Yater Sampling; 

EXHIBIT Section No. E.2.1 

IV ESD FIELD OVERVIEY CHECKLIST Revision No. 0 

for this 
2 Ground· 

5 Yaste 

Date: 2/1/91 
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overview: 1 ___ 2 ___ 3 ___ 4 ___ 5 ___ 6 __ 

Yater Sampling; 3 Soil, Sediment Sampling 
Sampling; 6 Monitoring Yell Installation 

SECTION GENERAL PROCEDURES - SAFETY, RECORDS, OA/OC, CUSTODY, ETC. 

1) Type samples collected? 

2) Yere sampling locations properly selected? Yes ___ _ No. ___ _ 

Corrments 

3) Yere sampling locations adequately docl.lllented in a bound field log book 
using indelible ink? Yes ___ _ No ___ _ 

Corrments 

4) Yere photos taken and a photolog maintained? Yes. ___ _ No ___ _ 

5) \lhat field instruments were used during this study? _____________ _ 

6) \I ere field instruments properly calibrated and calibrations recorded in 
a bound field log book? Yes No 

Conrnents 

7) \las sampling equipnent properly wrapped and protected from possible 
contamination prior to sample collection? Yes No 

Conrnents 

8) \las sampling equipnent constructed of Teflone, glass, or stainless steel? 

9) \lere samples collected in proper order? (least suspected contamination 
to most contaminated?) Yes No 

Corrrnents 

10) \lere clean disposable latex or vinyl gloves· worn during sampling? 
Yes No 

Conments 

11) Were gloves changed for each sample station? Yes No 

Conments 
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12) \las any equipment field cleaned? Yes No. ___ _ 

I 13) Type of equipment cleaned? ________________________ ~-----

14) \Jere proper field cleaning procedures used? Yes ___ _ No ___ __ 

I Comments _______________________________________ _ 

I 
15) \Jere equipment rinse blanks collected after field cleaning? 

Yes No 

Comments 

I 16) \lere proper sample containers used for samples? Yes No 

I 
Comments 

17) Were split samples offered to the facility owner or his representative? 
Yes No 

I Comments ______________________________________ _ 

I 18) \las a receipt , for samples form given to facility representative? 
Yes ___ _ No. ___ _ 

I 
19) \lere any duplicate samples collected? Yes ___ _ No. ___ __ 

Comments. __________________ ~----------------------

I 20) Were samples properly field preserved? Yes ____ ..;.... No ___ _ 

Comments ______________________________________ __ 

I 21) \lere preservative blanks utilized? Yes ___ _ No. ___ _ 

I 22) 

Comments~---------------------------------------

Were field end/or trip blanks utilized? Yes ___ _ No. ____ __ 

I 
Comments. ______________________________________________________________________ _ 

23) \I ere sarrples adequately identified with labels or tags? Yes No 

I Comments 

\Jere sarrples sealed with custody seals after collection? Yes No ---24) 

I Comments 

I 
Uhat security measures were taken to insure custody of the sarrples after 
collection? 

25) 

I 
I 



26) 

27> 

28) 

29) 

30) 

31) 

EXHIBIT Section No. E.2.1 
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\lere chain·of·custody and receipt for samples forms properly corrpleted? 
Yes No 

Comnents 

IJere any samples shipped to a laboratory? Yes No 

If yes to No. 27, were samples properly packed? Yes No 

Comnents 

If shipped to a CLP _lab, were Traffic Report Forms properly corrpleted? 
Yes No 

Comnents .................................................................................... ________________________________________________________ ___ 

IJhat 
prior 

safety monitoring 
to and during 

lias safety monitoring 
recorded in a· bound 

equipment, protection, and procedures were used 
sampling? ............ ~ ............................................ __________________________________ ____ 

equipment properly calibrated and calibrations 
field log book? Yes No. ______ _ 

Comnents ............ ---------------------------------------------------------------------------------------------------------------------------

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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SECTION 2 SAMPLING - GROUND. \.lATER I./ELLS 

I. Type of wells sampled? (monitoring, potable, industrial ,etc.>----~----

I 2) \/ere wells locked and protected? Yes ___ _ No. ___ _ 

I Comments·--------------------~-------------------

3) \/ere identification affixed marks and · measurement points to the wells? 

I 
Yes ___ _ 

NO·----

Comments-----------------------------------------

4) \/hat were the sizes and construction materials of the well casings? 

I 
I 

5) \I ere the boreholes sealed with a concrete pad to prevent surface 
infiltration? Yes No 

Comments 

I 6) \las there a dedicated . pump in the well? Yes No 

I 
7> \las clean plastic sheeting placed around the wells to prevent 

contamination of sampling equipment and containers? Yes No 

I 
8) \I ere total depths and depths to water determined before purging? 

Yes No 

9) \/hat device was used to determine depths? 

I 10) \lere measurements made to the nearest 0.01 ft? Yes No 

I 
11) \las the measuring device properly cleaned between wells? 

Yes No 

.Comments 

I 12) \las the standing water volune in each well determined? 
Yes No 

I 13) How was the volune determined? 

14) \las 8 sufficient volume purged prior to sampling? Yes No 

I Comments 

I 
15) How many volumes? 

16) How was the purged volume measured? 

I 
I 
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8) . \Jere total depths and depths to water determined before purging? 

9) 

10) 

11) 

12) 

13) 

14) 

15) 

16) 

17) 

18> 

19) 

20) 

21) 

22> 

23) 

Yes. ___ _ No. ___ _ 

\lhat device was used to determine depths? 

\Jere measurements made to the nearest 0.01 ft? Yes No. ___ _ 

\las the measuring device properly cleaned between wells? 
Yes No. ___ _ 

Comments 

\las the standing water volune in each well determined? 
Yes ___ _ No. ___ _ 

How was the volune determined? 

Was a sufficient volune purged prior to sampling? Yes. ___ _ No ___ _ 

Comments 

How many volunes? 

How was the . purged 

\lhat was the method 

\lere pH, 
at least 

conductivity, 
once during 

volune measured? 

of. purging? _________________________ __ 

and temperature 
each well volume 

measurements 
purged? 

taken and recorded 
Yes No. ___ _ 

Comments ______________________________________ ~----------

\lere pH, conductivity, 
sa!l1)l ing? 

and temperature readings stable prior to 
Yes. ___ _ No. ___ _ 

Comments. __________________________________________________________________ __ 

How many wells were Sll!l1)led? Upgradient? Downgradhint? 

How were the sa!l1)les collected? Bailer Purp Other 

Corrments 

If ~ was used, what type? 

If II ~ was used, was it properly cleaned before and/or between wells? 
Yes No 

Corrments 

I 
.I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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24) \Jhat were the cleaning procedures? ........................................................................................................................ --

I 
25) Did bailers have Teflon® coated wire leaders to prevent rope from 

coming into contact with water? Yes No 

26) \Jere bailers open or closed top? I 
I 27) \las 8 clean bailer and new rope used at each well? Yes No 

Conments 

I 28) \Jere samples properly transferred from the sampling device to the sample 
containers? C i.e., purgeable sample first . not aerated, etc.) 

Yes No 

.conments I 
29) \las pH of preserved .samples checked to insure proper. _ preservation? 

Yes No I 
I 

Conments 

30) \Jere samples iced inmediately after collection? Yes No 

I 31) For what analyses were the samples collected? 

I 32) If samples were split, what . were the sample/station nuiibers for these? 

I 
I Other comments or observations. __ ......................... --............................................................................................... -

I 
I 
I 
I 
I 
I 
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SECTION 3 SAMPLING - SOl L. SEDIMENT I SLUDGE I ETC. (Non-containerized) I 
1) Type of samples collected? ____ ~------------------------------------------------ I 
2) ·General description 

of samples? _____________________________________________ __ 

I 
3) How many sa!l1'l es were collected? _____________________________ ..,;,. __________________ _ 

4) Were background and/or control samples collected? Yes ____ _ No ______ __ I 
C~nts _______________________________________________ __ I 

5) Were representative , sa!l1'1es collected? Yes No 

C~nts I 
6) Were grab or composite samples collected? 

7) Were composite Sa!11'les areal or vertical? I 
8) How many el iquots were. taken for the composite sample? I 
9) What procedures end equipment were used to collect samples? 

I 
10) Were sa""les thoroughly mixed prior to putting them into the Sll""l e I 

containers? Yes No 

Comnents I 
11) Were sa""les properly placed into sa""le containers? Yes No 

Comnents I 
12> Were · se""les iced imnedietely after collection? Yes No I 
13) For what analyses were the sa""les collected? 

14) If s~les were split, what were the sa""le/station ni.J!Cers for these? I 
15) Was e drilling rig, back hoe, etc., used to collect soil sa""les? I 
16) were the drilling rigCs>, 

to the ESD SOP, . AppendiX 
backhoe(s), etc., properly cleaned 

B, prior to arriving on site? Yes. ___ __ 
according 

No. ____ __ I 
I 
I 



I 
I 
I 17) 

I 
18) 

I 
I 19) 

I 20) 

I 
I 21) 

I 22) 

I 
I 
I 
I 
I 
I 
I 
I 
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Cooments 

I./hat was the condition of the drilling and sampling equipment when it 

arrived on site? ............................................................................................................................. ~ ................................... ....... 

I./as a · decontamination 

not cross-contaminate 

area located 

clean and/or 

where the cleaning 

drying. equipment? 

activities 

Yes_;_ ............... 

would 

No .................... 

C~nts ................................................................................................................................................................................................... _ 

I./as clean equipment properly wrapped and stored in a clean area? 

Yes No .................... 

Comments ............................................................................................................................................................................................... ....... 

I./as the drilling rig(s) properly cleaned between well borings? 

Yes .................... No._ ..... __ 

Comments .............................................................................................................................................................................................. ...... 

I./ere the .cleaning and decontamination procedures conducted in accordance 

with the ESD SOP? Yes. ___ _ No ..................... 

Comments ....................................................................................................................... _;_ ................................................................ ..... 

Other comments' or observations ................................................................ ~ ........................................................... __ 
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SECTION 4 SAMPLING - SURFACE WATER (Pond, Stream, River, Leachate, Etc.) I 
. 1) Type of · sa~~;~les collected? I 

2) General description of samples? 

3) How many sa~~;~les were collected? I 
4) Were background and/or control samples collected? Yes ___ _ 

No~--- I 
C~nts· .... -------------------------------------

5) Were grab or composite samples collected? ............ ----------------------------- I 
6) How many al iquots were taken for the composite sa~~;~le? ........ ----------------

7) What procedures and equipment were used to collect the s_amples? I 
I 

8) Were ·samples . collected directly into sample containers? Yes---- No. __ _ I 
C~nts .... -----------------------------------------------

9) Did the sa~~;~ler wade in the stream to collect the samples? Yes ___ No __ 

C~nts--------------------------------------------

10) Were the samples collected from the sampler? Yes .... ---
No ___ _ upstream I 

Comments·------------------------------------------------- I 
11) Did the sampler insure that roiled sediments were not collected along 

Yes. ______ - No ___ _ with the water samples? 

comments _______________________________________________________ __ I 
12> Were representative samples collected? Yes. ___ - No ____ _ I 

comments--------------------------------------------

13) \las the pH of preserved samples checked to insure proper preservat i on·t 

Yes NO·----
I 

Comments-------------------------------------------

14) iced inrnediately No ___ _ Were samples after collection? Yes _____ -- I 
15) For what analyses were the samples collected?--------------------- I 

I 
I 



I 
I 
I 
I 
I 
I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

16) If samples were 

Other comnents 
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split~ what were the sample/station numbers for these? 

or observations·--------------------------



SECTION 

1) 

2) 

3) 

4) 

5) 

6) 

7> 

8) 

9) 
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5 OTHER SAMPLING • DRUMS, TANKS, BARRELS, ETC. (Containerized> 

Type of samples collected? (Oil, sludge, waste?>·--~ .................................................... __ 

Description of containers or sources sampled? __ ................................................................ __ 

How many samples were collected? __ ............................................................................ ------------------

IJhat type of equipment was used to collect the samples? ____________________________________ __ 

IJhat procedures were used to collect the samples? __ .................................................... ___ 

For what analyses were the samples collected? __ ................................................................ __ 

If samples were split, what were the sample/station nlJIIbers for these? 

\lere any special safety measures 

\lhat level 
samples? 

of safety protection 

taken during collection of the samples? 

was required for collection of the 

Other comments or observations. __ .................................................................................................... __ 

I 
,-
"• 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
il 

.. 

I 
I 
I 
I 
I 
I 
I 
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SECTION 

1) 

2) 

3) 

4) 
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6 MONITORING \JELL. INSTALLATION 

\Jere the wells installed in the proper locations in accordance with the 

study plan and/or project operations plan· (POP)?· Yes ..................... No ___ _ 

Comments .................................................................................................... ~-------------------------

\Jere the 

proceeding 

wells installed starting in the least 

area? 

contaminated area and 

to the most contaminated · Yes. _____ _ No ___ _ 

Comments ......................................................................................................................................................................................... -

\Jere proper safety protocols employed during the well installations? 

Yes .................... No. ___ _ 

comments ............................................................................................................................................................................................... --

\Jere samples 
materials, 

of 

etc., 

the drilling 

collected 

mud, water, bentonite pellets, filter pack 

for quality control analyses? Yes ___ No __ _ 

Comments ....................................................... ----------------------------------------------

Eguienent Decontamination 

5) 

6) 

7) 

8) 

9) 

\Jere the drilling backhoe(s), etc., properly cleaned according 
to the ESD SOP, 

rig(s), 

Appendix B, prior to arriving on site? Yes .................... No __ _ 

Comments ..................................................................................................................................................................................... --

\./hat was the condition of the drilling and sampling equipment when it 

arrived on site? ..................................................................................................................................................................... -

\.las 
not 

a decontamination 
cross-contaminate 

area 
clean 

located 
and/or 

where 
drying 

. the cleaning 
eqUipment? 

activities 
Yes. _____ _ 

would 
No ___ _ 

Comments ............................................................................................................................................................................................... _ 

\las clean equipment properly wrapped and stored in a clean area? 
Yes No. ___ _ 

Comments ........................................................ ~-----------------------------------------------

\las the drilling rig(s) properly cleaned between well borings? 
Yes. ____ _ No ___ _ 

Comments ......................................................................................................................................................................................... __ 



10) Were 
with 

the 
the 

REGION 

cleaning and 
ESD SOP? 
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procedures conducted in accordance 
Yes. ___ _ No. ___ _ 

C~nts; ________________________________________________________________________ _ 

Drilling 

11 > \/hat type of drilling method(s) was used to install the wells? 

12) 

13) 

14) 

15) 

16) 

17) 

18) 

19) 

20) 

\Jell 

21) 

22) 

23> 

\las this drilling method(s) the same as proposed in the study plan and/ 

or POP? Yes No 

Corrments 

\Jere soil samples collected for logging and analyses as the wells. were 
installed? Yes No 

If yes to 13, at what intervals and by what method? 

If air rotary was used: 
\las an in·l ine organic air filter employed? Yes No 
\las a cyclone velocity dissipater used? Yes No 

Conments 

What diameter borehole(s) were installed? 

Were surface outer casings used? Yes No 

If yes to 17, what size and to what depth? 

\Jere the wells double cased? Yes. ____ _ No. _____ _ 

If yes to 19, explain procedure·~---------------------------

Installation 

What type of well 

What diameter were 

Was 
and 

there 
borehole 

a mlnlrrun 
wall 

cesing(s) 

the well 

or 
two inch 

inside 

and screen(s) were used? ____________ _ 

casing(s)? _________ screen(s)? ________ _ 

annulus 
augers>? 

around the casing (between casing 
Yes. ___ _ No. _____ _ 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I ,, 
I 
I 
I 
I 
I 
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C~nts: ______________________________________________________________________ ___ 

24) \Jhat was the length of the well screen(s)?·--------------------

25) \Jhat was the slot size of the well screen(s)? ___________ -:--------

26) · \Jas the well screen(s} conmercially manufactured? Yes. ___ _ No. ___ _ 

If . yes, by whom?·---------------------------------------------------------

27) \Jas the' bottom of the well screen(s) plugged or capped? Yes. ____ _ No. __ _ 

Cooments:~-------------------------------------------------------------------

28) \Jere sand and/or gravel (filter> packs installed? Yes. ____ _ No. ___ _ 

Cooments. ______ ~-------------------------------------------~-------

29) Specify type of materials in 28 [(play sand, Ottawa sand, etc.) and 
grain size (20/30, 20/40, etc.)], if known·------~-----------------

30) \las a sieve analysis conducted to determine well screen slot size and 
filter pack grain size? Yes No 

Cooments 

31) \Jere the wells installed to the proper depths? Yes No 

Cooments 

32) llere well screens placed at the proper intervals? Yes No 

Cooments 

33) \Jere the filter packs placed a minirrun of two feet above the well 
screens? Yes No 

Cooments 

34) Was the tremie tube method used to place the filter packs? Yes ___ -.o ____ 

Conments 

35) Were seals placed above the filter packs? Yes No 

36) If yes to 35, what material was us~ for the seals? 

37) Uas the vertical thickness of the seals a minirrun of two feet? 
Yes No 



38) 

39) 

40) 

41) 

42) 

43) 

44) 

45) 

46) 

47) 

48) 

49) 

50) 
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C~nts'----------------------------------------------------------------------------

If bentonite 
were they 

pellets were used for the 
allowed to hydrate a minimum 

seals above 
of 8 hours? 

the filter p~ck.s, 
Yes _____ __ No. ___ _ 

C~nts __________________________________________ ~-------------------------------

Did contractor/driller 
rec~nded hydration 

have documentation 
time? 

from manufacturer stating 
Yes ...... ____ _ No. ____ _ 

C~nts ...... ________________________________________________________________________ __ 

Was the tremie tube method used to place the bentonite pellets? 
Yes ...... ____ _ No. ___ _ 

C~nts ............... ~------------------------------------------------------------------
Was the 
surface, 

annulus_ grouted 
or below the 

from 
frost 

the 
line? 

seal to within two feet of the ·ground 
Yes ______ __ No. ___ _ 

Comments. ________________________________________________________ ..... ____________________ _ 

Was the tremie tube method used to place the grout in the annulus? 
Yes ______ __ No ..... ____ _ 

If no to 42, what method was used?---------------------------------------------

What type of grout was used to seal the annulus (neat cement, cement/ 
bentonite, cement/sand, etc.)? 

What grout mix ratio was used? (should be stated in the POP) ______________ _ 

What was the density of the grout? (lb./gal., etc.) 

If bentonite grout was used, was the density at least 9.4 lb./gal.? 
Yes No 

Was the density determined using a IIUd balance? Yes No 

Was the grout allowed to set a minimum of 24 hours before the surface 
pad was installed? Yes No 

Comments 

Was 8 concrete surface pad installed, with an outer protective casing and 
locking cap? Yes No 

Comments 

I 
-.' 

I 
I 
I 
I 
I 
'I 

I 
I 
I 

I 
\ 
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How far below the ground surface did the 

\lhat were the dimensions of the concrete 

Did the well casings extend to a minimum 

surface? 

Comnents 

How far above the ground surface did the 
extend? 

Did . the outer protective casings have weep 

Comnents 

\lere the wells properly developed? 

Comnents 

Describe method of development. 

Give a general 
installation 

evaluation 
·of the wells. 

of the activities 
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concrete pad extend? 

pads? 

of 2.5 feet above the ground 
Yes No 

outer protective casings 

holes? Yes No 

Yes No 

observed during the 
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How far below the ground surface did the concrete pad extend? 

\/hat were the dimensions of the concrete pads? 

Did the well casings extend to a minimum of 2.5 feet above the ground 

surface? Yes No 

Comments 

How far above the ground surface did the outer protective casings 
extend? 

Did the outer protective casings have weep holes? Yes ___ _ No ___ _ 

Comments ____________________________________________________________ __ 

\/ere the wells properly developed? Yes. ___ _ No ___ _ 

Comments ______________________________ ~----------------------

Describe method of development·--------------------------------

Give a general 
installation 

evaluation 
of the wells. 

of · the activities observed during the 

.I-
I 
I 
I 
I. 

I 
I 

·I 
I 
I 
I 
I 
I 
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Section No. 3.1 

3.0 SAMPLE CONTROL, - FIELD RECORDS, AND DOCUMENT 

3.1 INTRODUCTION 

The 
procedures 
maintenance 

objectives of this section are to present the· Branch 

A 
or the 
evidence" 
collected 

identification, sarrple control and for sarrple 
of field records, and docunent control. 

sarrple is defined as physical evidence collected from 
envirorrnent. For the purposes of this section, 

also includes photographs, records, or any other 
from the envi rorrnent, facility, or site. 

Revision No. 0 
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CONTROL 

standard operating 
chain-of-custody, 

a facility, site, 
the term "physical 

tangible article 

All sarrple identification, field records, and chain·of·custody records 
shall be recorded in waterproof, non-erasable ink. If errors . are made ·-in any of 

-

these docunents, Branch personnel will make corrections by" simply crossing a 
single line through the error and entering the correct information. All correc-
tions shall be initialed and dated by the investigator. If possible, all 
corrections should be made by the individual making the . error. 

If information is .. entered onto sarrple tags, . logbooks, or sarrple containers 
utilizing stick-on labels, these labels should not be capable of removal later 
without leaving obvious indications of the atterrpt. Labels should never be 
placed over previously recorded information Corrections to information recorded 
on stick-on labels should be made as stated in the previous paragraph. 
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3.2 SAMPLE AND EVIDENCE IDENTIFICATION 

3.2.1 General 

The method of sarrple identification utilized depends on the type of sample 
collected. Sarrples collected for in-situ field · ana~yses are those collected for 
specific field analyses or measurements where the data are recorded · directly in 
bound field logbooks or recorded directly on the Chain-of-Custody Record, with 
identifying information, while in the custody of the sarrpl ing team. Exarrples of 
such in-situ field measurements and analyses include pH, t~rature, and 

conductivity. Also included in this category are those field measurements or 
analyses such as flow measurements, geophysical measurements, surveying 
measurements, etc. that are made with field instrunents or analyzers, where no 

sarrple is actually collected. 

3.2.2 

yses, 
tached 

Sarrple Identification 

Sarrples, other 
are identified 

to the sarrple. 

than those 
by using 

container. 

collected 
a standard 

In some 

ior in·situ 
sarrple tag 

field 
(Figure 

measurements or anal· 
3.2.1) which is at· 

particularly with biological 
samples; the sarrple tag may have to be 

cases, 
included with or wrapped around the 

sarrple. The sarrple tags are sequentially nl.llbered and · are accountable. docunents 
after they are COII"pleted and attached to a sarrple or other : physical evidence. The 
following information. shall be included on the sarrple tag: 

• 

• 

• 

• 

• 

• 

• 

• 

• 

ESD project nl.llber: 

field identification or sarrple station ni.JI'Iber: 

date and time of sarrple collection; 

designation of the sarrple as a grab or corrposite; 

type 
and 

of sarrple (water, wastewater, leachate, 
sarrpl ing 

soil, sediment, 
a very brief description of the location; 

the signatureCs) ·Of the sarrpler(s) or of the designated sarrpl ing 
team leader (a team leader is a field investigator assigned by the 
project leader. to be present during the collection of a specific 
sample and to be responsible and knowledgeable of all activities 
directly related to the collection of that sarrple). 

whether the sample is preserved or ~reserved; 

the general 
tag); and 

types of analyses to be conducted (checked on front of 

any relevant 
odor, color, 

comnents (such as readily 
or known toxic . properties). 

detectable or identifiable 

Samples or other physical 
are to 

evidence collected by Branch personnel during 
tag." criminal investigations be identified by using the "criminal sarrple 
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Figure 3.2.1, 

on the back 

except 

of the 

The field sarrple station nLJTber is assigned · by the project leader or field 
investigator. This · nLJTber is ordinarily an alpha·n~ric code, designed for a 
particular inspection or investigation. For exarrple, if a sarrple is collected 
from a monitoring well installed during a site screening investigation conducted 
at the Abercrombie Widget COIJl)Bny, the · alpha-n~.~~~eric sarrple nLJTber code could be 
Aloi·001W. A surface soil sarrple from this facility might be identified as AW-
002S. Each · separate monitoring location should have a different n1.111erical 
designation. Frequently, water. and sediment sarrples are collected from the same 
sarrpl ing station and could have the same n~.~~~erical designation. For exarrple, 
water and sediment sarrples collected from the same location in the Oconee River 
at Station 001 would be identified as OR·001W and OR-001S, respectively. The 
project leader or field investigator · shall exercise due caution to insure that 
sarrple station nLJTbers are not duplicated during studies. The exact description 
of all sarrpl ing stations associated with field identification or sarrple station 
nlJ!lbers shall be doc1.111ented in the bound field logbooks. 

If a sarrple 
~arty representative, 
attached to each 
sample. Also, all 

is · split 
sarrple 

with 
tags 

of 
tags 

the sample 
for blank 

a facility, 
or labels 
containers 
or duplicate 

"duplicate," respectively. This requirement 
blank samples which are to be sut:rnitted for 
"Blind" spiked or blank samples shall not 
sut:rnitted as outlined in Section 4.6.9. This 

state regulatory . agency, or other 
with identical information should be 

by the party receiving the split 
sarrples will be marked "blank" or 

does not apply to 11bl ind" spiked or 
laboratory quality control purposes. 
be identified as such, but will be 

identifying information shall also 
be recorded in the bound. field logbooks and on the Chain-Of-Custody. Record as 
outlined in Section 4.4. 

3.2.3 Photograph Identification 

All photographs taken by. Branch persomel shall be identified on the back 
of the print with the · following information: 

• an accurate description of what the. photograph shows, including the 
name of the. facility or ·site and the location. 

• date, time and the location that the photograph was taken; 

.. the orientation of the photograph (i.e., looking northeast, 

• · the signature of the photographer • 

If the photograph 
be entered on the beck 

was taken with a Polaroid camera, the information 
of each photograph as soon as it is taken. If 

camera is used, a aerial type record of each frame exposed shall be kept 
field logbook along with the tnfonna~;ton required for each photograph. 

etc.); 

shall 
a 35 nm 

In the 
The bound 

film shall be developed with the negatives supplied ln:Ut. The field . in
the 

each 
vestigator 
serialized 

ahall then 
photographic 

enter the required information on the prints, using 
record from the bcKn:l field logbook, to identify 
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photograph. 
the bound 
cabinet. 

For 
field 

criminal 
logbook 

investigations, 
in the · project 

the negatives IIIJSt 
file · and stored in 

be maintained 
the secured 

with 
file 

3.2.4 Identification of Physical Evidence 

Physical evidence, other .. · than samples, shall be identified by utilizing a 
sample tag or · recording the necessary information on the evidence. When samples 
are collected from vessels or. containers which can be moved (barrels for 
example), the field' investigator shall mark the vessel or container with .· the 
field identification or sample station nutber for future · identification, if 
necessary. The vessel or container shall be marked by utilizing a sharp 
instrllllent or spray paint. The vessel or container need not be marked if it 
already has a unique marking or serial nLJ!Iber; however, these nLJ!Ibers shall be 
recorded on the sample tag and in the bound field logbooks. In addition, it is 
suggested that photographs of ·,any physical evidence (markings, etc.) be taken and 
the necessary information recorded in the field logbook. 

Occasionally, it is nec·essary to obtain recorder and/or instrllllent 
from facility owned analytical equipment, flow recorders, etc., during 

charts 
field 

investigations and inspections. Field investigators should mark the charts and 
the write the following information on these charts while they are still in 

instrllllent or recorder (along with the field investigators initials): 

the 
date 

• 

• 

• 

After 
·chart 

if possible; 

ff possible, 
measurement 
instantaneous 
location on 
and time of 

a description 
information 
device, chart 

the chart has 
who the chart 

starting and ending time(s) and date(s) 

the field investigator shall 
of the · media being measured 

measurement shall be entered 
the chart. The field investigator 
the measurement and then enter 

take 
by the 

at 
shall 

his/her 

of the location being monitored 
required to Interpret the data such 

U'1fts, factors, etc. 

for the· chart; 

an instantaneous 
recorder. The 

the appropriate 
enter the date 

initials; 

and any other 
as type of flow 

been removed, the field investigator · shall indicate on 
Cor copy of the chart) was received from and enter the 

and time, as well· as the lnvestlgator•s Initials. 

Documents such as technical reports, laboratory reports, etc., should be 
marked with the field lnvestigator•s 

received. 
signature, the date, the nl.llber of pages, 

and from whom they were Branch personnel shall not accept confid'!ntial 
documents, except · In special clrcunstances such as process audits, hazardous 
waste sfte Investigations, etc. 
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The possession of s&Jil)les or other physical . evidence shall be 
from the time they are obtained until they are introduced as evidence 
proceedings. This section covers only that portion of the Envirorvnental 
Division chain·of·custody procedures that are the responsibility 

traceable 
in legal 
Services 

of Branch 

persomel. 

3.3.2 Sanple Custody 

A S&Jil)le or other physical evidence is in custody if: 

3.3.3 

• it is in the field investigator's or the transferee's · actual 

possession: . or 

• field investigator's or the transferee• s view, it is 
after 

in the 
being in his/her physical possession; or 

• it was 
physical 
ta~ring; 

in the field investigator's 
possession and then he/she 

or 

• it is placed in a designated secure 

Chain·of·Custody Record 

or the 
secured 

area. 

transferee's 
it to prevent 

. The field Chain·Of·Custody . Record (Figure 3.3.1) is used to record the 
custody of all s~les or other physical evidence collected and maintained by 
Branch persomel. This form shall not be used to docunent the collection of 
split or duplicate s~les where there is a legal requirement to provide a 
receipt for s~les (see Section 3.4). The Chain·Of·Custody Record also serves 
as a sa""le logging mechanism for the Analytical Support Branch (ASB) sa""le 
custodian. 

The following Information IIUSt be supplied in the indicated . spaces (Figure 
3.3.1) in detail to c"""lete the field Chain·Of~Custody Record. 

• The ESO project rud:ler • 

• The project name • 

• All s~lers end /or s~ling team leader IIUSt sign in the 
designated signature block. 

• The ·~ling station rud:ler, date, and time of s~le collection, 
grab or c~slte s~le designation, and a brief description of the 
type of s~le end the ·~ling location IIUSt be included on each 
Une (each Une shall contain only those s~les collected at a 
specific location). 
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team leader's name should be recorded . in the right or 
of the Chain-Of-Custody Record when sarrples collected by 

one sarrpl ing team are included on the same form. The 

sarrpl ing 
leader 

team leader is an individual designated .·by the project 

to be responsible for all activities related to the 

collection of sarrples by a specific team of sarrpling personnel. 

The total nunber of sarrple containers must be listed in the 

indicated 
containers 
indicated 
irrpossible 
container 
the Record. 

space for each saflllle. The. total nunber of individual 
must also be listed for each type of · analysis under the 
media or miscellaneous colurns. Note that it is 
to have . more than one media type per .sarrple. The type of 

and required analyses should be circled ·as indicated on 

The tag nunbers for each sarrple and any needed remarks are to be 

supplied in the indicated colurn. 

The field investigator and subsequent 
listed 
the 

transferee(s) must docume-nt 

the transfer of the sarrples on the Record in the spaces 
provided at the bottom of Record. One of the samplers 
documented under the sarrpler(s) . section must be the person that 
originally relinquished the sarrples or evidence or a designated 
field sarrple custodian who receives secured sarrples from sarrpl ing 

Both the teBIIIS end maintains these sarrples under · secure conditions. 
person relinquishing . the sarrples end· the person receiving 
sign the form; the date and time that this occurred 
documented in the. proper space on the Record. Usually, 
person receiving the serrples or . evidence should be a 
sarrple custodian or other evidence clerk. 

them 
must 

the 

must 
be 

lest 
laboratory 

The remarks colurn at the bottom of the Record 
mail 

is used to record 
airbill numbers or .registered or certified serial numbers. · 

The Chain-of-Custody Record Is a serialized document. Once the Record is 
c~leted, it becomes an acccx.ntable doc~.~~~ent and must be- maintained in the 
project file. The suitability of any other form for chain-of-custody should be 
evaluated based upon Its inclusion of all of the above information , in a legible 
format. 

3.3.4 

• 

• 

Field Custody Procedures 

To sill'f)lify 
litigation 

the Chain-Of-Custody 

Sllqlle 
problems, 

or physical 
as 

evidence 
few people 

during 

Record . and eliminate potential 
as possible should handl-e the 

the investigation or inspection. 

The field 
custody 
properly 

Investigator Is responsible for the proper 
3.3.2) 

handling and 
of the allqlles 
and formally 

coll,ected 
transferred 

(Section 
to another 

until they are 
person or facility. 
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Sarrple tags (figure 3.2.1) shall be corrpleted for each 

in Section 

sarrple, 

3.3.2. 
using 

waterproof, non-erasable ink as specified 

All sarrples shall be sealed inmecliately upon collection utilizing 

the EPA custody seal (EPA Form 7500~(R7·75)). shown in Figure 3.3.2. 
The field investigator may write the date and his/her signature on 

the seal. This requirement · shall be waived if the field 

investigator keeps the sa"l'les in his/her continuous custody from 

the time of collection until they are delivered to the laboratory 

analyzing the sarrples. 

All sarrples must be documented in bound field logbooks. 

A Chain-Of-Custody Record wi\\ be corrp\eted for all sa"l'les or 
physical evidence collected as specified in Section 3.3.3. A 
separate Chain-of-custody Record will be utilized for each final 
destination or laboratory utilized during the inspection or 
investigation. 

If chain-of-custody is required for documents received during 
investigatiOns, they should be placed in large envelopes, and the 
contents should be noted on the envelope. The envelope shall be 

sealed and an EPA custody seal placed on the envelope such that it 
camot be opened· without breaking the seal. A Chain-Of-Custody 
Record shall be maintained for the envelope. Any time the EPA seal 
is broken, that fact shall be noted on the Chain-Of-Custody Record 
and a new seal affixed. The information on the seal shall include 
the field investigator's signature; as well as the date and time of 
sealing. 

Other physical evidence such as video tapes or other small items 
shall be placed in Zip-Loce "type bags or envelopes and an EPA 
custody seal should be affixed so that they cannot be opened without 
breaking the seal. A Chain-Of-Custody Record shall be maintained 
for these items. Any ·time the ·seal is broken, a new seal shall be 
affixed. ·. The information on the seal shall include the "field 
investigator's signature, as well as the date and time of sealing. 

In gMeral, Branch personnel shall not accept sa"l'les from other 
sources Wlless the sarrple collection procedures used are known to be 
acceptable, can be documented, and the . s~\e chain-of-custody can 
be established. If such s~les are accepted by Branch persomel, a 
standard s~le tag containing all relevant information and the 
Chain-Of-Custody Record, shall be corrpleted for each set of sHrrples. 

EPA custody seals can be used 
when necessary by using similar 
viously tn this section. 

to maintain 
procedures 

custody on· other 
as those outl i ned 

items 
pre· 
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Transfer of Custody end Shipment 

All physical evidence or SB!Illle sets shall be ecc~anied by a 
· Chein·Of-Custody Record. When transferring the possession of 

sa!lllles, the individual receiVIng the _sa~Tf)les shall sign, date, and 
note the time that· he/she received the Sa!lllles on the Chain-Of-
Custody Record. This·- Chain-Of-Custody Record doc~.~~~ents transfer of 
custody o·f SB!Illles from the field investigator to another person, to 
the ASB, other laboratories, or other organizational elements. 

Sa!lllles shall be properly packaged for shipment (Appendix C) end 

delivered or shipped to the ASB or other designated laboratory for 

analyses. 
strapping 
placed 

Shipping containers shall be ·secured by using nylon 

tape end EPA custody seals. The custody seals shell be 

on the container so that it cannot be opened without breaking 

the seals. The seal shall be signed and dated by the field 
investigator. 

When sa!lllles ere 
other government 

_ other government 
Custody Record.-
Form will be used 
the appropriate 

All sa!lllles shall 

split with a facility, 
agency, the facility, 
agency representative 
The only exception 
for RCRA, TSCA, and 

regulations (Section 

be acc~nied by 

state regulatory 
state regulatory 

should sign the 
is that a Receipt 

agency, 
agency, 

Chain-Of-
For Se!lllles 

or 
or 

CERCLA sa!lllles as required by 

3.4). 

the Chain-Of-Custody Record • 
The original and one copy of the Record will be placed in a plastic 
bag ·inside the secured shipping container if Sa!lllles ere shipped. 
One copy of the Record will be retained by the field investigator or 
project leader. The original Record will be transmitted to the 
field investigator or project leader after sa!lllles are accepted by 

the laboratory. This copy will become a part of the project file. 

If sent by mail, the package shall be registered with return receipt 
requested. If sent by common carrier, a Government Bill of lading 
CGBL) or Air Bill should be used. Receipts from post offices, 
copies of GBL's, and Air Bills shall be retained as part of the 
docunentation of the chain-of-custody. The Air Bill m.rrber, GBL 
nurber, 'or registered mail serial nurber shall be recorded in the 
remarks section of the Chain-of-Custody Record or in another 
designated area if using a form other than that shown in Figure 
3.3.1. 
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3.4.1 General 

FOR SAMPLES 

3007 of the Resource 
104 of the Conprehensive 

Section 
and Section 
Liability Act (CERCLA or Superfund) 

Conservation and Recovery 
Envi rormentat Response, 
of 1980 require that a 
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of 1976 
Conpensation, and 

11receipt11 for all 

facility sa~les collected during 
facility 

inspections and ,investigations be given to the 

owner/operator of each before the field investigator departs the 

premises. The Toxic Substances Control Act (TSCA) contains similar provisions. 

3.4.2 Receipt for Sanples Form 

The Receipt For Sa~les Form (Figure 3.4.1) is to be used by Branch 
personnel to satisfy the receipt for samples provisions of RCRA, CERCLA, and 
TSCA. The form also docunents that split sa~les were offered and accepted or 
rejected by the owner/operator of the feci l ity or site being investigated. The 

sa~les following information nust be supplied and entered on the Receipt For 
Form. 

• 

• 

• 

• 

• 

The ESD 
location 

project 
of the 

ni.Jiber, 
facility 

project name, name of facility or site, and 
or site nust be entered at the top of the 

form in the indicated locations. 

The sa~ler(s) nust sign the form in the indicated location. 

The facility/site owner/operator•s acceptance or rejection of split 
s~les nust be checked in the appropriate place in the Split 
S~les Offered section of the form. The owner/operator should be 
requested to initial his acceptance or rejection by the check mark 
and to sign his name in this block indicating that he has been 
offered this choice if the offer is refused. 

Each s~le collected from the facility 
in the. s~le record portion of the 
l"'lJ!i)er, date and time of a~le collection, 
designation, whether or not ·split s~les 

should be entered under the split sa~le 

s~les collected which will be removed 
description of each s~ling location, 

or site 
form. 

nust be docunented 
The s~le station 

composite or grab sample 
were collected (yes or no 

column), the tag ni.JIIbers of 
from the she, a brief 

and the tots .l ni.JIIber of 
s~le containers for each s~le nust be given. If EPA s~le tags 
are used for apl it a~les, these tag l"'lJ!i)ers should be recorded 
l.nier the remarks column. 

The bottom portion of the form is used to docunent the receipt of 
split s~les by the owner/operator of the facility or site. One of 
the s~lers nust be requested to sign and conplete the information 
in the "transferred by'• section (date and time nust be entered). 
The owner/ operator of the s,ite nust sign the "received by" section 
of the form (the owner/operator nust give his title, and telephone 
I"'J!t)er and give the date and time he/she signed the form). If the 
owner/operator refuses to sign the form, the s~ler(s) should note 
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this fact in the owner/operator's signature block and ini tiel this 
entry. 

The copy of the form is 
Form 
The 

to be given 
is serialized 

to the facility or site owner/operator. 
The ·Receipt for Sarrples 

it is cO!Jl)leted. 
files. 

after 
project 

original 
and becomes an accountable docunent 

copy of 0 this .. form rrust be maintained .. in 
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3.5 FJELD RECORDS 

Branch personnel shall use only bound field logbooks for the maintenance 

of field records. The standard field logbooks utilized by Branch personnel are 

those obtained from the General Services Adninistration federal supply schedule 

ni.Jllbers 7530~00·274·5494 and 7530·00·222·3525. Other bound logbooks such as 

bound surveyors logbooks are acceptable so long as pages cannot be removed 

without tearing them out. 

Preferably, a logbook should be dedicated to an individual project. The 
investigator's name, project name, and project code should be entered on the 
inside of the front cover of the logbook. All entries should be dated and time 
of entry recorded. At the end of each day•s . activity, or entry of a particular 
event If appropriate, the investigator should draw a ·diagonal line at the 
conclusion of the entry and initial ·indicating the conclusion of the entry or the 
days activity. 

' All aspects of sa~le collection and handling as well as visual 
observations shall be docll!lented in the field logbooks. All sa~le collection 
equipment (where appropriate), field analytical equipment, and equipment utilized 
to make physical measurements shall be identified in the field logbooks as 
outlined in Sections 4, 5, 6, and 7 of this SOPQAM. All calculations, results, 
and calibration data for field sa~ling, field analytical, and field physical 
measurement equipment shall also be recorded in the field logbooks. All field 
analyses and measurements nust be traceable to the specific piece of field 
equipment utilized and to the field investigator collecting the sa~le, making 
the measurement, or analyses. 

All entries In field logbooks shall be dated, shall be legible, and shall 
activi· 

language 
accurate and documentation of an individual's project contain 

ties. 
should 
which 

Since field 
inclusive 

records 
factual, 

are the basis ·tor later written reports, 
be objective, and free of personal feelings or other terminology 

might prove inappropriate. Once completed, these field logbooks become 
accountable documents and nust be maintained as part of project files. 
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Disposal of saqlles or other physical evidence obtained during Branch in-
. vestigations is conducted on a case-by-case basis. Before any saqlles analyzed 

by the ASB are disposed, ASB personnel shall contact· the Branch field inves-
tigator or Branch or Section Chief, in writing, 'req~estfng permission. to dispose 
of the s~les. The s~les will not be disposed until the Branch field 
investigator or Branch or Section Chief celq)letes the appropriate portions of the 
ASB memo, signs and returns the memo to the ASB, specifically giving them 
permission to dispose of the saqlles. Branch personnel should check with· the EPA 
Program Office requesting the inspection or investigation before granting 
permission to dispose of saqlles or other physical evidence. The following 
general guidance is offered for the disposal of saqlles or other physical 
evidence: 

• 

• 

• 

·After 
Branch field 
and maintained 

No s~les, 

a criminal 
physical evidence, or any other docunent 

investigation shall be disposed without 
sion from EPA's Office of Criminal Investigation, 
Regional Counsel, or the Department of Justice. 

Quality assurance 
cal results are 
disposal of these 

Saqlles associated 
disposed. 

saqlles 
reported. 

Saqlles. 

are routinely 
ASS does 

with routine Branch 

disposed 
not advise 

inspections 

associated with 
written permis-

the Office of 

after the 
the Branch 

analyti • 
on the 

may be routinely 

Saqlles are disposed, the ASB shall send the s~le tags to the 
investigator. These s~le tags are accountable and rrust be placed 

in the project files. 
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3.7 DOCUMENT CONTROL 

The term doeunent control, es it eppl ies to Branch inspections end inves-
tigations, refers to the maintenance of inspection end investigation project 
files. All project files shall be maintained by the appropriate Section 
Secretary. All docunents es outlined below shall be kept in · project files. 
Branch personnel may keep their own files, however, ell official end original 
docunents relating to Branch inspections and investigations shell be placed in 
the official project files. The following docunents shall be placed in the 

project file: 

• 

• 

• 

• 

• 

• 

• 

• 

• 

a copy of the study plan; 

original Chain-Of-Custody Records and bound field logbooks; 

e copy of the . Receipt For Sarrple Forms; 

all records obtained during the investigation; 

a corrplete 
analytical 

copy of the anal yt i cal 
data; 

data and memorandums transmitting 

sarrple tags from sarrples that have been disposed of by the ASB; 

all official correspondence 
relating to the investigation 

one copy of the draft 
review clearance forms 

one copy of the final 

report 
shall 

report 

received 
including 

by or 
records 

issued · by the 
of telephone 

(without review comnents; however, 
be included); 

and transmittal memorandun(s); 

Branch 
calls; 

peer 

and 

any other 
inspection 
inspection. 

relevant docunents related 
or follow-up activities 

to the original investigation/ 
related to the investigation/ 

Under no circumstances are any personal observations or irrelevant 
leader 

infer
or field mation to be filed in the official project files. The project 

investigator shall review the file at the conclusion of the project to insure 
that it is corrplete. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

'-' 

I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Section No. 4.1 
Revision No. 0 

Date: 2/1/91 
Page 1 of ·1 

4.0 SAMPLING PROCEDURES 

4.1 INTROOUCTJON 

This section discusses the standard practices and procedures utilized . by 

Branch personnel during field operations to ensure the collection of represen· 

tative s~les. All saq:~l ing activities conducted· by __ B~anch personnel are con· 
ducted with the expectation that they will be used for enforcement purposes, 
unless specifically stated to the contrary in advance of the field investigation. 
Therefore, the use of proper saq:~l ing procedures cannot be over eqjlasized. The 
collection of representative saq:~les depends upon: 

• ensuring that the saq:~le taken is representative· of the material or 
medium being saq:~led; 

using 
control 

proper saq:~ling, sample handling, preservation, and quality 

• 

• 

properly 
collection 
Custody 

maintaining 

techniques; 

identifying the collected 
in permanent field records 

Records); and 

saq:~le chain-of-custody. 

saq:~les 

(field 
and 

log 

The objectives of this section are to present: 

• general considerations that rrust be incorporated 
operations conducted by the Branch; 

• Branch saq:~ling site selection and collection 
individual medium; 

• Branch saq:~l i ng quality assurance procedures; and 

docunenting their 
books, Chain·Of· 

in all saq:~l ing 

procedures for an 

• equipment 
saq>l ing 

calibration 
equipment. 

and maintenance requirements for Branch 
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4.2 GENERAL CONSIDERATIONS 

following factors and procedures shall be considered and iqllemented The 
in planning 
procedures 
individual 

and conducting all Branch sampling operations. All these factors and 

nust be considered in view of specific . obfectives and scope of each 

field investigation. 

4.2.1 Selection of Representative Sampl ins Sites 

Representative sampling are dependent of investigation· 

undertaken and · are discussed 
sites 
under type of saqlle 

on the type 
procedures for each mediun 

later in this section. 

4.2.2 Selection and Proper Preparation of Sanpl iris Equipment 

The type of saqll ing equipment to be used is dictated by the investigation 

and is discussed for each mediun later in this section. Appendix B describes the 

standard equipment cleaning procedures. 

4.2.3 Sanpl ing Eaui!:rnent Construction Material 

The material that s~l ing equipment is constructed of can affect saqlle 
analytical results. Materials used nust not contaminate the saqlle being col-
lected and nust be readily cleaned so that · s~les are not cross-contaminated. 
The standard materials for s~l ing equipment used to collect s~les for trace 
organic coqxxn:ts or metals analyses are, in order of decreasing desirability; 
Teflone, glass, stainless steel, and steel. 

4.2.4 selection of Parameters to be Measured 

Parameters to be measured are usually dictated by the ·purpose of an inves-
tigation and should be based on required monitoring condltions CNPDES or RCRA 
permits for ex~le> or on the field investigator's or requestor's knowledge 
the problem being investigated. 

4.2.5 Required S!!!ple Volumes 

The volume of sllqlle obtained should be sufficient to perform all required 
control with an additional amount collected for quality 

of 

analyses 
needs, 
Individual 

split s&q)les, or repeat examinations. 
al iquots of a cllq)Osite s~le should 

to provide 
When using 

be at least 
a peds tal tic 

100 mill it i ters 
pump, 

in 
order to minimize sample aol ids bias. 

Although the volume of sample required by contract laboratories depends on 
the analyses to be performed, the amount of sample required for a c~lete water 
or wastewater analysis Is nonnally two gallons (7.6 liters> for each laboratory 
receiving a a&q)le. The IIIIIOU'1t of soil/sediment required for a c~lete analysis 
is approximately 16 ounces. However, the. laboratory receiving the sample should 
be consulted for any specific volume requirements. 
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at hazardous 

4.2 
2 

sites or samples 

of 
from 

samples 
sources which are 

from 
known 

waste 
to be 

sources 
toxic should be kept 

waste 
to an 

absolute minimum. 

Sample volunes to· be collected by Branch personnel· for routine analyses by 

the Environmental Services Division CESD), Analytical Support Branch CASB) 

laboratory are in Appendix A. The sample volune required for each analysis is 

the volune of the standard container less ullage (empty space) required for 

sample mixing by laboratory persomel and safe shipment of samples to the 

laboratory. Branch personnel shall allow a minimum of ten percent ullage in 

every sample container for this purpose. The . only exception is samples collected 

for purgeable 
which sample 

organic 
containers 

analyses CVOA) or dissolved gases such as sulfides for 

rrust be completely filled. 

4.2~6 

Standard 
Special 

4.2.7 

Selection 

The type 

Sanple 

and Proper Preparation of Sarrple Containers 

of sample container· is dictated by the analyses required. 
containers used by Branch persomel are presented in Appendix A. 

container preparation requirements are in Appendix B. 

Preservation 

for some analyses rrust be preserved in order to maintain 
integrity. Preservatives required for routine analyses of samples collected 

their 
by 

Branch persomel are given in Appendix . A. . All chemical preservatives used by 
Branch 
should 

.·personnel will be supplied by the ASB. . All samples requiring preservation 
be preserved inmediately upon 

field 
collection 

are: 
in the field. Samples that 

should not 

• 

• 

• 

• 

All 
eating on 
requiring 

be preserved in the 

Samples collected within a hazardous waste site that are known or 
thought to be highly contaminated with toxic materials. Barrel, 
drun, closed . container, spillage, or other source samples from 
hazardous waste sites are not to be preserved with any chemical. 
These samples may be preserved by placing the sample container on 
ice, if necessary. 

Samples that · have · extremely low or 
generate potentially dangerous gases 
the procedures given in Appendix A. 

Samples for metals analyses which are 
preserved with nitric acid in excess 
Appendix c. 

high pH 

if they 

shipped 
of the 

or samples that may 
were . preserved using 

by air . shall not be 
amount specified in 

Samples for purgeab\e 
by air shall not be 

organic 
preserved 

c~s analyses which 
acid 

are shipped 

the amount specifIed 

samples preserved 
the sample tag 

preservation were 

with 
that 

not 

In Appendix 

chemicals 
the sample 
preserved, 

with hydrochloric 
c. 

shall be clearly 
is preserved. 
field records 

in excess of 

identified 
If samples 

shall indicate 

by indi-
o normally 

why. 
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4.2.8 Sanple Holding Times 

The elapsed time between sa~le collection and initiation of laboratory 

analyses IIIJSt be within a prescribed time frame' fo.r. each individual analysis to 

be performed. s~le holding times for all routine sa~les col.lected by Branch 

personnel are shown in Appendix A. 

4.2.9 Special Precautions for Trace ·Contaminant Sanpl ing 

some contaminants can be detected 
trill ion range. Extreme care IIIJSt be 

in the parts per billion and/or parts 
taken to prevent cross-contamination 

per 
of 

these sa~les. The following precautions shall be taken when trace contaminants 

are of concern: 

• 

• 

• 

• 

• 

• 

• 

A clean 
different 
immediately 

pair of new, disposable 
location is sampled 
prior to sa~ling. 

gloves 
and 

will 
gloves 

be worn 
should 

each 
be 

time 
donned 

a 

S~le containers for source sa~les or sa~les suspected of 
containing high concentrations of contaminants shall be placed in 
separate plastic bags immediately after collecting, preserving, 
tagging, etc. 

If possible, anbient s~les and source s~les should be collected 
by different field teams. If 'different field teams camot be used, 
all anbient s~les shall be collected ··first and placed in separate 
ice chests or shipping containers. S~les of waste or highly 
contaminated s~les shall never be placed in the same ice chest as 
environnenta\ s~\es. It is good practice to enclose waste or 
highly contaminated s~les in a plastic bag before placing them in 
tee chests. Ice chests or shipping · containers for source sa~les or 
s~les suspected to contain high concentrations of contaminants 
shall be lined with new, clean, plastic bags. 

If possible, 
fill out 

one 

tags, 
menber 

etc:., 
of the 

while 
field team . should 

the other · members 
take all 
collect 

the 
all 

notes, 
of the 

s~les. 

lolhen s~l ing surface waters, the water s~le should always be col· 
lected before the sediment sample is collected. 

S~le collection activities 
contaminated 

should proceed progressively. f,•om the 
suspected least area to the suspected most contaminated 
area. 

Branch personnel should use equipment constructed of Teflone, 
stainless steel, or glass • that has been properly precleaned 
(Appendix B) for collecting s~les for trace metals or organic 
c~s analyses. Teflone or glass Is preferred for collecting 
s~les where trace metals are of concern. Equipment constructed of 
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plastic 
organic 

or PVC 
compounds 

shall !!Q! be used to collect sa~les for trace 

analyses. 

4.2.10 Sanple Handling and Mixing 

After collection, all sa~le handling should be minimized. Branch personnel 

should use extreme care to ensure that samples are not contaminated. If sa~les 

are placed in an 
sa~le containers 
contamination. 

ice chest, personnel should ensure that mel ted ice cannot cause 
to become submerged, as this may result in sa~le cross-

Plastic bags, such as Zip-Loclc• bags, should be used when small 

sa~le containers (e.g., VOA's or bacterial · sa~les) are placed in ice chests to 

prevent cross-contamination. 

Once a s~le has been collected, it may have to be split into separate 
containers for different analyses. The best way to split liquid sa~les is to 

continually stir the sample contents with a clean pipette or precleaned Teflone 
rod and allow the contents to be alternately siphoned into respective sample 
containers 
analyses 

using Teflone or PVC CTygone type) tubing. Teflon8 must be used when 
for organic compounds or trace metals are to be conducted. Any device 

used for stirring, or tubing· used ·for siphoning, must be cleaned in the same 
manner as other equipment (Appendix 8). However, sa~les collected for 
purgeables organic COfllX>Unds analyses may not be split using this procedure. 

A true . split of soil, sediment, or sludge 
The higher 

sa~les is almost i~ssible to 
accorrpl ish under field conditions. the moisture content, the more 
difficult it is to split the sa~le. 

It is extremely i~rtant that soil sa~les be mixed as thoroughly as possible 
to ensure that the sa~le is as representative as possible of the sa~le 

interval. The most c0111110n method of mixing is referred to as quartering. The 
soil in the s~le pan is divided into quarters. Each quarter is mixed, then all 
quarters are mixed into the center of the pan. This procedure is followed 
several times until the sa~le is· adequately mixed. If 'round bowls are used for 
sa~le mixing, adequate mixing is achieved by stirring the material in a circular 
fashion and occasionally turning the material over. Soil and sediment sa~les 

collected for p.Jrgeable organic COfll>Ounds analyses should !!Q! be mixed. The 2-
ounce (60-ml) s~le container should be filled corrpletely; no head space should 
remain in the s~le containers. 

4.2.11 Purgeable Organic Conpounds Sanpl ing (VOA) 

~ater s~les 

stored in 40-ml septum 
to prevent 
in the . caps 

contamination 
(Teflon8 
besllmfng prior to the 

to be analyzed for purgeable organic corrpounds 
vials with screw cap and Teflon8·silicone dislc 

of the s~le by the cap. The disks should 
side to be in contact with the s~le) In the 

of the s~l ing program. 

should be 

in :he cap 
be placed 

laboratory 

The vials (40-ml> should be corrpletely filled to prevent volatilization, 
and extreme 
turbulence 
carefully 

caution should be exercised when filling a vial to avoid any 
. which could also produce volattl ization. The sall'f'le should be 

poured down the side. of the vial to minimize turbulence. As a rule, 
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it is best to gently pour the last few drops into the vial so that surface 

tension 
overflow 

holds the water in a "convex meniscus." ·The cap is then applied and some 

is lost, but air space in the bottle is eliminated. After capping, turn 

the bottle over and 
procedure. 

tap it to· check for bubbles. If any bubbles are present, 

repeat 
should 
water 

the Since the . VOA vials are p~e-pr'eserved, extreme caution 

be exercised when the vials are used as the collection device for surface 

samples in order to prevent the loss of the preservative. Uhen collecting 

water samples for purgeable organic compounds, triplicate samples should 
four 

always 

be collected 
concentrated 

from each location. Three 40-ml vials containing drops of 

. HCl should be filled the with , sample • 

4.2.12 Sarrple Identification 

field 
tags. 

All samples will 
records, on the 

be fully docunented, as 
field sample Chain-Of-Custody 

outlined in 
Record, 

Section 
and on 

3, 
the 

in the 
sample 

4.2.13 Procedures for Identifying Potentially Hazardous Sarrples 

Any sample either known or thought 
on both the sample ·tag and the field sa~le 

explaining the hazard, i.e., corrosive, 
listed. 

4.2.14 Collection of Auxiliary Data 

to be hazardous 
Chain-of-custody 

should be so identified 
Record. Information 

fl ai!IIIBb l e, poison, etc., shall also 

All auxiliary data such as flow measurements, photographs of sampling 

be 

sites, meteorological · conditions, and other observations shall be entered onto 
the field records when the auxH iary data are collected. AuxH iary , data relative 
to a ·particular Slll!1ll ing location should be collected as close to the sample 
collection time as possible. Specific: types of auxiliary c:Jata to collect for 
each mecliLIII a~~~rpled are discussed later in this section. 

4.2.15 Time Records 

All records of time shall be kept using local time in the 2400 hour time 
format and shall be recorded to the nearest minute. 

4.2.16 Transporting and Shipping of Sarrples 

S~~~rples IIBY be hand delivered to the laboratory using government owned (or 
rented) . vehicles or ·they may be shipped by corrmon carrier. All Branch persomel 
must be aware that certain a~~~rples are hazardous IIBterials and, as such, are 
regulated by the u. S. Department of Transportation Lnier the Transportation 
Safety Act of 1974. · These regulations are contained in Title 49, CFR, Parts 110-
119. Shipment of c:langerous goods by air cargo is also regulated by the United 
Nations/International Civil Aviation Organization (UN/ICAO). The Dangerous Goods 
Regulations pronulgated by the lnternatiOf\lll Air Transport Association CJATA) 
meet or exceed DOT and UN/ICAO requirements and should be used for shipment of 
c:langerous goods via air cargo. shipment of 1111!1lles by EPA employees is also 
governed by EPA Order No. 1000.18 (1). The stanc:lard Branch procedure for 
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the intent 

envirorvnental 
of the 

conmon carrier. 

sarrples 
Transportation 

4.2.17 Sanple Chain-of-Custody 

is in Appendix 
Safety Act 

c. 
of 

All Branch 
1974 when 

employees shall maintain sample chain-of-custody 
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employees 
shipping 

shall 
s~rrples 

meet 
by 

Branch 
investigations 
procedures 

for all sarrples collected. The standard sarrple 
during all field 
chain-of-custody 

used by Branch employees are given in Section 3.3. 
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4.3 DEFINITIONS 

4~3.1 Grab Sarrple 

An individual S8Jillle · collected from a single location at a specific time 
or period of . time generally not exceeding ·15 minutes. Grab Sa~Jllles are 

associated with surface water, groundwater, wastewater, wast_e, contaminated 
surfaces, soil, and sediment S8Jillling. Grab S8Jillles are typically used to 
characterize . the media at a particular instant in time. See Appendix A for 
additional guidance concerning parameters requiring a grab S8Jillle and for 
monitoring that indicates that grab S8Jillles IIIJSt be collected. 

4.3.2 CO!!pOSite Sarroles 

A S8Jillle collected over time that typically consists 
Four 

of 
types 

a series of 

discrete 
sarrples 

4.3.3 

• 

• 

• 

• 

saq,les 
are listed 

which are 
below: 

conbined or "cOIJllOS I ted". of COIJl'OS ite 

.:..T.:.:ime::.::..._.::C:::::onpo=:::s.:..it~e=----<~T~C~>= A sa~Jl)le COIJl)rised of a varying nl.llber of 
discrete S8Jillles collected ·at equal time intervals during the 
COIJl)Ositing period. The TC sarrple is typically used to sanple 
wastewater or streams. 

Flow Pro!;!Qrtioned Corroosite ~FPCl: A S8Jillle collected proportional 
to the flow rate during the COIJl)OSiting period by either a time· 
varying/constant volume (TVCV) or time-constant/varying volume 
CTCW) method. The TVCV method is typically used with automatic 
sarrplers that are paced by a flow meter. The TCW method is a 
manual method that individually proportions a series of discretely 

·collected sanples. The FPC is typically used when sanpl ing 
wastewater. 

Areal Corroos fte: A sanple collected from individual grab sarrples 
collectect on an areal or cross-sectional basis. Areal cOIJl)Osites 
shall be made up of equal volumes of grab sarrples. Each grab sanple 
shall be, collected in an identical manner. Exanples include 
sediment COIJl)Osites from quarter•point sarrpl ing of streams and soil 
sarrples from grid points. 

Vertical Conposite: A sarrple collected from individual grab sarrples 
collected from a vertical cross section. Vertical COIJl)Osites . shall 
be made up of equal volumes of grab sanples. Each grab sarrple shall 
be collected In an Identical Nmer. Exarrples include vl!rtical 
profiles of aoll/sediment colurns, lakes and estuaries. 

Quality Control Sarrples 

The Njorlty of ECB field atudies require the collection of additional 
sanples for various quality control purP!)Ses. These include the isolation of 
site effects (control aaa~les), define backgrcxn:l conditions (backgrcxn:l sarrple), 
evaluate field/laboratory lllethodology (spikes and blanks, ·trip blanks, duplicate 
sarrples), or to assess aarrpllng equlpnent (sarrpler blanks and equipment rinse 
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or duplicate sarrples 

Miscellaneous sarrpling definitions are listed below: 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Sanple Aliquot: 
entire sarrple. 

Split Sanple: 
containers 
container. 

from 

A portion of a sarrpl e that is representative 

A sarrple which 
a single 

has 
sarrple 

been portioned 
container or 

into two 
sarrple 

of the 

or more 
mixing 

Duplicate • Sanple: Two or more sarrples collected simultaneously into 

separate containers from the same source under identical conditions. 

Control Sample: A sarrple collected 
the · effects 

upstream 
of the 

or upgradient from a 
source or sl te to isolate source or site · on the 
particular ambient medium being sarrpled. 

::B,::.ac::,:k:.o9~.:.r~o~und:.:::. __ .::.Sa:::np~l..::e: A sarrple collected 
site similar to the one being studied, 

from an area, 
but located 

water body, or 
in an area known 

or thought to be free from pollutants of concern. 

Biased Sanple: which is known to be ·non-representative of 
the entire site 

A sarrple 
being studied. An exarrple is sarrples collected 

during Superfund Site Screening Investigations that are 
intentionally biased towards suspected areas of contamination. 

Trip Blanks: Trip blanks are prepared 
and are 

prior 
kept 

to 
with 

the 
the 

sampling event 
in the actual sample container 
samples throughout the sarrpl ing 
shipment with the other samples 
after their pr_eparation 
before they reach the 
trip blanks to determine 
and transportation back 

are the 
laboratory. 

if samples 

shipped, trip blanlcs are 
to 

to 
the 

be 

cooler. 

investigative 
event. They are then packaged for 
and sent for analysis. At 

sample containers to be 
ESD utilizes volatile 

were contaminated during 
laboratory. If samples are 

no time 
opened 

organic 
storage 

to be 
provided per shipment but not per 

Equipnent Blanks: Equipment 
by rr.rning 

field blanks are defined as samples 
sample 

will 
CThe 

which are 
collection 
be used 
equipment 
operation.) 

obtained 
equipment 

to determine 
could have 

after 
tf 

been 

organic· free 
it has been 

water 
cleaned. 

cleaning 
cleaned 

procedures 
in the field 

over/through 
These samples 

were adequate. 
or prior to the field 

Pre and Post Preservative Blanks: To determine if the . preservative 
used during field operations were contaminated, pre and post 
preservative blanks are prepar:-ed. On small studies, usually only a 
post preservative sample will be prepared. These samples are 
prepared by putting analyte·free/organic·free water in the container 
and then preserving the sample with the appropriate preservative. 
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field in sealed Field Blanks: Organic-free wa.ter is taken to the I 
containers and poured into the appropriate s~le containers at pre· 
designated locations. • This is done to. determine if any contaminants 
present in the area may have an affect on the sample. integrity. I 
Field blanks should be collected in dusty envirorvnents and/or from 
areas where volatile organic contamination is present in the 
atmosphere and originating from a source other than the source being I 
sampled~ 
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4.4 DATA QUALITY OBJECTIVES 

As defined in Data Quality Objectives for Remedial Response Activities 
(29), .,Data Quality Objectives (DQO's) are qualitative and quantitative 
statements which. specify the quality of the ·data required to support Agency 
decisions during remedial response activities11 • DQO's should be considered when 
plaming any study. DaD's provide information on the limits of the data, which 
in turn dictate the proper uses of the data. DQO's were originally . developed to 
guide the analytical program ·of Superfund (29), but the concept also has 
application for other field sampling efforts. Data collected in the field 
include samples and site information. The methods by which samples are collected 
may limit the uses of the subsequent analytical data. The methods by which site 
information, such as physical measurements, photographs, field notes, etc., are 
collected, may reduce their accuracy. The mamer· in which sampling equipment is 
cleaned will also affect the DQO level of the data. The various DQO levels are 
m11bered I through V, with I being the lowest and IV the highest quality data. 
Level V data are collected using special . or non-standard methods. Higher quality 
methods may be substituted for lower level work. 

4.4.1 DQO Level J . 

Sampling . equipment and sample containers IIIJSt be cleaned using soap and tap 
water, visibly free of. contamination, and free of detectable analytes using the 
anal yt i cal screening methods specified for the study. Use of organic vapor 
survey methods to determine locations or media fractions for higher level 
analysis is an example of DQO Level I field work. However, this technique is not 
appropriate for cClq)OUnds that are not volatile or produce low instrument 
response. Data produced from such samples may not be used ·for other than the 
stated purpose. 

4.4.2 DQO Level II 

Field 
construction 
this document. 
rinse blanks 

methods, decontamination 
materials for·· DQO Level JJ 

The construction materials 
analyzed using the field 

procedures, and sampling equipment 
analyses are as specified elsewhere 

for sampling equipment may vary 
analytical procedures show that 

in 
if 

the 
substituted equipment does not contribute detectable analytes, and the materials 
would not reasonably 
it may · be acceptable 
only being analyzed 

be expected 
to use PVC 
for metals, 

to contribute detectable analytes. For example, 
sampling equipment to collect samples that are 

or to use equipment made of chrome plated 
material 
procedures 
at . this 

• 

• 

for senples · 
for sampling 

being analyzed only for organic . compounds. Field cleaning 
equipment used to collect senples that will be analyzed 

DQO level IIIIIY consist of: 

Soap and 
followed 

potable water wash with brush (steam . may also be used), 
by potable water rinse. 

Yater rinse. The quality 
contaminants of concem and 
analytical methods used. For 
~.r~lt Is being used to analyze 

of the 
the miniiiiJm 

exenple, 

water is determined 
quantitation. limits 

ff an atomic absorption 
water samples for lead only, 

by the 
of the 

CM) 
and the 
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minimum quantitation 
ug/l lead .(one·half 

limit is 
the minimum 

20 ug/l, water 
quantftation 

decontamination water. 

minimum of five percent of s~les coltected for 

be split for DQO Level IV analysis. These sa~les 

s~les submitted tci the field laboratory. 

1!00 Level III 
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containing 
limit) may 

DQO Level 

up to 
be used 

II analyses 
·must be re2resentative 

10 
as 

Field methods, decontamination 
for DQO Level 

modifications 

procedures, and s~ling equipment_ 

construction 
this doc~.~nent. 

materials 
some 

certain limited instances, 

JJI 
of 

as specified 

analyses are as specified elsewhere in 
these specifications are allowable in 
below. 

If DQO Level III analytical services are being used in support of drilling 
or excavation operations, the cleaning procedures for the down· hole 
excavation equipment only may be 
omission of steps 3, 4, and 5. All 
specified in that appendix apply. 

\lhen wells are constructed 
to the contaminants being analyzed, 
I I I or lower for those inc~tible 

procedures are used. 

A minimum of one equipment 

cleaned as specified in Appendix 
other cleaning 

using materials 
data collected 

analytes, 

rinse blank 

and decontamination 

that are not inert 
from those welts 

even if DOO Level 

per week for each 
equipment is field · cleaned is required to be analyzed. If s~les 
a preservative blank must be collected and analyzed in the field at 
and end of the study. A blank of the rinse water must be collected 
prior to begiming the study and at the end of each week s~ling 

field cleaned. 

drilling or 
E.9, with the 

procedures 

with respect 
are DQO Level 

IV analytical 

week s~ling 

are preserved, 
the begiming 

and analyzed 
equipment is 

A miniaun of five 
for DQO 

subnitted 

percent of s~les collected ·for DOO 
must 

Level III analysis 
should be 1pl it Level IV analysis. These s~les · be representative 
of all s~les to the field laboratory. 

4.4.4 DOO level IV 

Field methods and equipment decontamination procedures described in this 
docunent are considered to be level IV Jnethods. These are the standard methods 
to be used on all studies requiring DQO Level IV quality data. Any devi~ttions 

from these methods lUSt be docunented in the field logbook or the approved study 
plan. The s~ler must be aware that such deviations in the field work may 
reduce the DQO level of the data, with a sl.bsequent · reduction · fn the data uses. 
The field notes are always collected as specified fn Section 3.5. Photographs 
are always logged as specified in Section 3.2.3. 

4.4.5 poo Level v 

1-
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I discussed in detail. The project 
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be· specified in the approved study 
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are by definition non-standard, 
leader lllJst be aware that special 

they are not 
analytical 

field procedures and equipment. These lllJSt 
plan prior to beginning the study. 
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4.5 INVESTIGATION DERIVED loiASTE 

4.5.1 General 

Many field investigations conducted by the· Branch · generate waste materials. 

These waste materials are known as investigation derived waste (JDiol) C30). Some 

of these waste materials may be hazardous wastes which 111.1st be properly 
of these hazardous 

disposed 

in accordance with EPA regulations. Host, but not all, wastes 

will be associated with investigations of hazardous waste sites. 

4.5.1.1 Tvoes of IDiol Materials which may become IDiol requiring proper. 

treatment, storage and disposal are: 

• 

• 

• 

• 

• 

• 

Persomel 
coveralls, 

protective 
gloves, 

equipnent CPPE) • 
booties, respirator 

This 
canisters, 

includes 
splash 

disposable 
suits, etc. 

Disposable equipnent CDE). This includes 
ment covers, aluninun foil, conduit pipe, 
tubing, broken or unused sa~le containers, 
tape, etc. 

plastic 
col iwasa 

sa~le 

Soil cuttings from drilling or hand auguring. 

ground and equip· 
s~lers, TeflonB 

container boxes, 

Drilling IIIJd or water used for water rotary drilling. 

GrOI.ndwater obtained through well developnent or well purging. 

Cleaning fluids such as spent solvent and washwater. 

4.5.1.2 Management of Non-Hazardous 101.1 Disposal of non-hazardous IDiol 
from hazardous waste sites should be eddressed in the study plan. Non-hazardous 
IDiol such as PPE and DE may be double·bagged and brought back to the Branch 
warehouse for disposal in the warehouse trash containers. To reduce volune for 
transportation back to the warehouse, it may be necessary to c~ct the waste 
into a reusable container, such as a 55-gallon drun. If the waste is from an 
active facility, permission should be sought fran the operator of the facility 
to place the non-hazardous PPE and DE IDiol into the facilities durpsters. If 
necessary, these · lllllterials 111y be placed into IIU'Iicipal durpsters, with the 
permission of the owner. These 11111terials may also be taken to a permitted 
landfill local to the stte. on larger studies, waste hauling services may be 
Obtained and a durpster located at the study site. They may also be buried on 
site near the contamination source, with the burial location noted in thl' field 
logbook. 

water, 
approved 
facility 
sought 
feasible 

Disposal of non•hazardous IDiol such as drill cuttings, purge or developnent 
decontamination fluids, drilling IIUds, etc., should be specified in the 

study plan. These 111terials IIJSt not be placed into durpsters. If the 
at which the study is being conc:lucted . is active, permission should be 

to place · the l iqi.lid JDiol into the facilities treatment system. It 111ay be 
to spread drill cuttings arcxnl the borehole, or if the well is 

t~rary, to replace the cuttings back into the borehole. cuttings, purge 
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water, or development water may ,also be placed in a pit in or near the source 

area. Monitoring well purge or development water may also be poured onto the 

ground downgradient of the monitoring well. Purge water from private potable 

wells which are in use may be discharged to the ground surface. 

4~5.1.3 · Management ' of Hazardous ID\1 --. Disposal of hazardous or suspected 
hazardous ID\1 111.1st be specified in the approved study · plan. Hazardous ID\1 111.1st 
be disposed as specified in. USEPA regulations. If appropriate, these wastes may 
be placed back in an active facility waste treatment system. . These wastes may 
also be disposed of in the source ares from which they originated, if doing so 

does not endanger hunan health and the envi ro1111ent. 

If on·site disposal is not feasible, and if the wastes are suspected to be 
hazardous, appropriate tests 111.1st be conducted to make that determination. If 
they are determined to be hazardous wastes, they 111.1st be properly contained and 
labeled. . They may be stored on the site· for a maxinun · of 90 days before they 
111.1st be manifested and shipped to s permitted treatment or disposal facility. 
Generation of hazardous ID\1 · 111.1st be anticipated, if possible, to permit 
arrangements for proper containerization, · Iabell ing, transportation, and 
disposal/treatment in accordance with USEPA regulations. 

Hazardous Investigation derived waste should be kept to s mininun to 
Branch resources. Most of the routine studies · conducted by the Branch conserve 

should 
purged 

not produce any ID\1 that ere hazardous, with the possible exception of 
groundwater. Many of the above PPE end DE wastes can be deposited in 

municipal d~sters If care · is taken to keep them segregated from hazardous waste 
contaminated materials. Disposable equipment can often be cleaned to render it 
non· hazardous, as can some PPE, such as splash suits. The volune of spent 
solvent waste produced during equipment decontamination can be reduced or 
eliminated . by applying only the mininun BIIIOU"'t of solvent necessary. 
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4.6 SPECIFIC SAMPLE COLLECTION . QUALITY CONTROL PROCEDURES 

4.6.1 General' 

This subsection provides guidelines for establishing quality control pro· 

cedures for Branch s~l ing activities. Specific guidelines for sa~le site 

selection, 
standard 

selection . · of s~l ing equipment, types of sa~les . to be collected, 
sa~le collection procedures, specific maintenance and calibration 

procedures for s~l ing equipment, and other considerations are presented for 

each mediun later. in this Section. Specific requirements for all sa~l ing 
\ 

activities are presented in Section 4.2. Strict adherence . to all of the standard 

operating 
sa~l ing 

procedures outlIned in this chapter form the basis for the Branch 
quality assurance program. 

4.6.2 Experience Requirements 

There is no substitute for field · experience. Therefore, 
and paraprofessional Branch ~loyees shall have the ·equivalent 

all professional 
of six months 

field experience before they are permitted to select sa~ling sites on their own 
initiative. · This field experience shall be gained by on· the· job training using 
the "buddY" system. Each new Branch field ~loyee shall acc~ny an 
experienced ~loyee on as many different types of field studies as possible. 
During this training period, the new ~loyee will be permitted to perform all 
facets of field investigations, Including. s~l ing, l.l"'der the direction and 
supervision of senior Branch technical staff. 

4.6.3 Traceability Requirements 

All s~le collection activities shall be traceable through field records 
to the 
ment 

person collecting 
(where appropriate) 

the · s~le and to the specific 
used to collect ·that sarrple. 

piece of s~l ing 
All maintenance 

equip· 
and 

calibration 
that they 

records for 
are . similarly 

s~ling equipment (where appropriate) 
traceable. 

4.6.4 Measurement of Relative Sarrpl ing Precision 

shall be kept so 

The following duplicate sarrpl ing procedures shall be used during the col· 
lection of · Branch sarrples as a relative measure of the precision of the s~le 

collect I on process. DuplIcate grab and/or c~site sarrples shall be collected 
during all major investigations and studies (more than 20 sarrples) conducted by 

the Branch. No more than ten percent of all s~les shall be collected in 
duplicate. These s~les shall be collected at the same time, using the same 
procedures, the same equipment, and in the same types of containers as the 
required s~les. They shall also be preserved in the same mamer and subnitted 
for the same analyses · as the required s~les. The collection of duplicate 
composite s~les shall require the installation of duplicate automatic s~ler 

setups if automatic s~lers are used for s~le collection. 

These data will be 
problems are evident with 
used by specific Branch 
Quality Assurance Officer 

ex111nlned 
specific 

persomel. 
who will 

by tbe project 
types of wedia 

The project 
In turn advise 

leader 
s~les 

leader 
the 

to determine If any 
or with the procedures 

will advise the Branch 
Branch and appropriate 
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that corrective action can 

4.6 
0 

be 

The effectiveness of Branch . persomel S8111'le handling techniques will be 

monitored by utilizing field blank S8111'les. For routine studies these blank 
that 

field 
sa""les will be prepared by ASB personnel. Branch personnel shall request 
these sa""les be provided at least one week in advance of scheduled 
investigations and inspections and never (except in emergency situations) less 

than two days in advance of scheduled field investigations and inspections. 

These S8111'les should not be picked up by Branch personnel earlier than the 
morning of departure for the scheduled inspection/investigation. On larger 
studies, where organic·free water Is generated in the field, these 

are 
blank sa""les 
required: may be made in the field. The following field blank sa""les 

• 

• 

The following 

• 

• 

\later Sanple VOA Trip Blank A water S8111'le VOA trip blank is 
required for . every study where water sa""les are collected for . VOA 

analysis. Tllo sealed preserved Cor unpreserved if appropriate) 40· 

ml VOA vials will be transported to the .field. These field blanks 
will be handled and treated by Branch personnel in the same manner 
as the water Saq:lles collected for purgeable organic c~s 

analysis on that particular study. These sa""les will be clearly 
identified on Saq:lle tags and Chain·Of·Custody Records as trip 
blanks. 

Soil Sanple VOA Trip Blank A soil 
required . for every study where soil 
purgeable organic compounds analysis. 

sample. 
samples 

One 2·oz. 
be transported to the field. This field blank 
treated by Branch personnel in the same manner 
collected for purgeable organic compounds 

VOA 

are 
soil 

will 

trip ·.blank 
collected 

VOA vial 
be handled 

is 
for 

will 
and 

as the soil sa""les 
analysis on that 

particular study. These s~les will be clearly identified on 
Saq:lle tags . and Chaln·Of·Custody Records as trip blanks. 

blanks are prepared in the field: 

Inorganic S!llll?le Preservative Blanks Metals and ·general 
fnorganics s~le containers filled with blank water will be trans· 
ported to the field and preserved and submitted for the same 
analyses as the other inorganic s~les collected. These samples 
will be clearly identified. as preservatives blanks on sample tags 
and in the · Chain·Of·Custody Record(s). At least one preservative 
blank for each type of preserved Sllq)le should be :collected . at the 
end of routine field investigations. A mininun of .one preservative 
blank should be prepared at the beginning and end of all major 
Branch field Investigations (20 Sllq)les or more). 

::::Au~t~oma=t~l:.:c:....._.=:S:anp=.=l.::.e.:..r_...:::.B:.:la~:.~.n:::k.:S The procedure for collecting automatic 
sllq)ler blanks is given In Section 4.5.4. In general, cleaning 
procedures outlIned in Appendix 8 should be · adequate to insure 
sa""l e I ntegrf ty. However, it is the standard practice of the 
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Branch to submit 
automatic s~lers_ 

analyses. Automatic 
shall be submitted 

automatic 
are used to 

s~ler 

at least 

s~ler 

collect 
blanks 

once per 

blanks for analyses when 
sarrples for organic corrpou'lds 
for other standard analyses 

quarter. 

will advise the Branch Quality Assurance Officer when · trip blanks 
blanks are unacceptably contaminated. The Branch Quality Assur-

The ASB 
or preservative 
ance Officer will imnediately initiate an investigation to determine the cause 
of the problem. The results of this investigation will be pr~tly reported to 
the Branch and appropriate Section Chief so that corrective action can be 

initiated. 

4.6.6 Measurement of S!!ll!?le Container. Sanple Equipment. and Cleaning Procedure 
Integrity 

Specific quality control procedures are outlined in Appendix B. 

4.6.7 Measurement of Field Generated 

on larger studies, organic-free 
this is done, a system blank should 

If the. study lasts more the study. 
shall be collected. Blank sarrples 
interest. 

Organic-Free \later 

water may be prepared in the field. \lhen 
be collected prior _to use · and at the · end of 
than one · week, at least one sarrple per week 

should be analyzed for all analytes of 

4.6.8 Special Quality Control Procedures for \later Sanples for Extractable, 
Pesticide, or Herbicide Organic · Compounds Analyses 

Branch persomel shall submit dupl Ieete 
c~s 

water sanples for extractable, 
pesticide, and/or herbicide organic analyses from at least one sarrpl ing 
location and laboratory used. This s~le · should be collected from 
a location expected to be relatively free from contamination, since this s~le 

will be used for laboratory quality control purposes. The duplicate s~le 

should be clearly identified as "Duplicate Sanple for Matrix Spike" on the sanple 
tag, Chain·Of·Custody Record, In the field logbook, and on the Contract 
Laboratory Program (CLP) Traffic Report Form (if appropriate). This l'rocedure 
shall be followed for all Branch projects where water samples are collected for 
the Indicated organic· carpounds analyses, whether the s~les are submitted to 
the ASB or the EPA CLP. 

4.6.9 Special Quality Control Procedures for EPA Contract Laboratories 

Special quality control procedures are used when sanples are sutmi tted to 
the EPA CLP. A series of blank and spiked s~les are provided by ASS persomel 
that are to be. submitted along with the regular . s~les to each contract 
tory utfl ized. These sanples will be provided by the ASB along with the 
sary CLP Traffic Report Forms for each blank and spike s~le. These 
shall be submitted to the respective contract laboratories on a blind 

labors· 
neces· 
s~les 

basis. 
Fictf tfous station rumers ·wfll be. used on the Traffic Report Forms; 
laboratories are !!!tt to know which s~les are spikes and blanks. 

the contract 
These s~les 

are Identified as spikes · or blanks only on the copy of the Traffic Report Forms 
that are returned to the ASB. 
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ASB utilizing the 

The ASB TPO (See Section 1.9.3.1) may request, on a case-by-case basis, 

that Branch persomel collect ·split s~le~ (or duplicate sa~les if appropriate) 
for analySis -by both the· ASB and contract laboratories. The split sa~les are 

to be submitted to the ASB using established procedures. The contract laboratory 
involved shall not be notified in any way that sa~les were ·-split, i.e., there 
should be no Indication on Chain-of-Custody Records or CLP Traffic Report Forms 

submitted to the contract laboratories · that these sa~les were split with the 
ASB. 

4.6.10 Special Quality Assurance Procedures for· Dioxin (2,3.7,8-TCDD or Other 
Isomers) 

All sa~les · collected -· for dioxin (2,3,7,8-TCOD or isomers) analyses are 
analyzed by other EPA laboratories or through contract laboratories~ The ASB 
does !!2! conduct ·in-house analySes for · dioxin. The ASB maintains a package that 

-outlines all current quality control procedures to be used by Branch persomel 
when collecting s~~qJlea for dioxin (2,3,7,8-TCOD or other isomers) analyses. The 
ASB lll.ISt be consul ted before any such sa~les are collected. 



Section No. 4.7 
Revision No. 0 
Date: 2/1/91 
Page 7 of 8 

~ ~ASTEWATER SAMPLING 

4.1.1 General Considerations 

The variety of conditions at different sarrpl ing locations require that 
._iderable judgment be made regardin9 the methodologies and procedures for 
·allection of representative . sarrples of wastewater. Each sarrpl ing point warrants 
lllention conmensurate with Its Celq)lexity. There are, . however, basic rules and 
IIJKautions generally applicable to saqJle collection. The ·procedures used by 

·• Branch are generally those outlined · in the NPDES CCII!Dl lance Inspection Manual 
ID. Additional guidance is given in the agency's handbook, Monitoring 
WJstrial ~astewater (3). Some irrportant considerations for obtaining a 
..-esentative wastewater aaqJl.e include: · 

• 

• 

• 

The saqJle should be collected where the wastewater is well 
center 

mixed. 
of the Therefore, the saqJle should be collected near the 

·flow channel, where the turbulence is at 
possibility of solids settling is minimized. 
surface or dragging the channel bottom should 
allowances should be made for fluctuations 
flow variations. 

In sarrp l i ng from wide conduits, cross-sectional 

in 

a maximum 
Sklrrming 

be avoided; 

and the 
the water 

water depth 
however, 

due to 

sarrpl ing should be 
considered. Rhodamine· ~ dye (See · Section 7.8.2.3 for procedures) 
may be used as an aid in determining the most representative 
Sllq)l ing point(s); and 

If manual compositing is etrployed, the individuar sample bottles 
must be thoroughly mixed before pouring the individual al lquots into 
the composite container. 

U.2 Site Selection 

~ere applIcable, wastewater saqJles should be collected at the location 
~if i ed in the NPDES permit ( if the source has such a perm! t). In some in· 
.-nc:es the saqJling location specified in the permit, or the location· chosen by 

• permittee, may not be acceptable for the collection of a representative 
·.-tewater saqJle. In such instances, the project leader or field investigator 
ia not limited by permit specifications from collecting a sample at a more 
-.resentative location. \lhen 11 conflict exists between the permittee and the 
-...latory agency regarding the most representative saqJling location, both sites 
lhalld be sarrpled, and the reason for the confl let should be noted in the inspec· 
~ or study report and field notes. Reconmendations and reasons for e change 
• sarrpl ing location should be given to the appropriate permitting aut!lority. 

4. 7.2.1 Influent -- Influent wastewaters are preferably SaqJled at points 
~ highly turbulent· flow in order to ensure good mixing; however, in many in· 
~es the most . desirable location is not accessible. Preferable influent 

-tewater lllq)l ing points· include: (1) the upflow siphon. following a ccnmi nut or 
(ill absence of grit chllfti)er); (2) the upflow distribution box following purrping ... main plant wet well; (3) aerated grit chllfti)er; (4) flune throat; or (5) purrp 
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wet well when the 
should be collected 

purp is operating. \o'hen possible, 
returns. 

raw wastewater samples 
upstream from sldestream 

4.7.2.2 Effluent •• Effluent samples should be collected at the site 
specified in the permit, or if no site ,is· specified in the permit, at the most 
representative site downstream from all entering wastewater streams prior to 
discharge into the receiving waters. If a confl let exists . between the permittee 

the most and inspector 
representative 

regarding the source ~ing sampled or . the location of 
site,· follow the procedure outlined in Section 4.7.2. 

4.7.2.3 Pond and Laqoon Sanplins Generally, composite effluent 
wastewater samples should be collected from ~nds and lagoons. Even if the ponds 
or lagoons have long retention times, composite sa~l ing is necessary because of 
the tendency of ponds and lagoons to have flow paths that short circuit the 
detention time. However, if dye studies or facility data indicate a homogeneous 
discharge, a grab sample may be taken as representative of the waste stream. 

4.7.3 Sanpl ing Techniques • General 

Sa~ling and flow measuring 
treatment 
before 

are mutually dependent for a complete 
evaluation 
wastewater 

of a wastewater 
flow variability 

plant. The investigator 
a sa~l ing program can be 

must 
initiated. 

know the 

The choice of a flow proportional or time· composite sampling scheme depends 
on the variability of the wastewater flow or concentration, equipment 
availability, ·and sampling location. If. an Investigator knows or suspects that 
there. is significant variability In the wastewater flow or if the Investigator 
knows nothing about the facility, a flow proportional sample should 
Otherwise a time composite s~le would be acceptable. 

Prior 
totalizer, · 
If the flow 

to 
and 

sampling, 
recorder) 

measuring 
flow measurement 

the 
should 

flow measuring 
be examined 

system Is ln!cceptable, 

system 
(methods 

(primary 
described 

the investigator 
Instrumentation (Section 5). If the install 

system is acceptable, samples can be collected by the appropriate 

be collected. 

flow device, 
in Section 5). 

may have to 
flow measuring 

method. 

Time composite . samples collected by the Branch 
sample 

are based on a constant time 
manu· interval between samples. A time composite can be collected either 

ally or with an automatic sampler. 

Flow proportional samples can be collected automatically with an automatic 
sampler and a conpatlble pacing flow measuring device, semi-automatically with 
a flow chart and an. automatic sampler capable 'of collecting discrete samplt!s, or 
manually. Refer to Appendix E for procedures describing the ·first method and to 
the NPDES C011pl iance Inspection Manual (2) for details on the latter two methods. 

4.7.4 Use -of Automatic S!!!!plers 

4.7.4.1 ~ •• Automatic. samplers may be used when several points are 
to be sampled at frequent Intervals or when a continuous sample Is required. 
Automatic . samplers used by the Branch must meet the following requirements: 
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S~l ing equipment 
contamination which 
cleaning procedures). 

nust 
could 

be . properly 
result from 

cleaned 
prior use 

to 
(see 

avoid 
Appendix 

cross· 
B .for 

No plastic 
the water 
be iqlllcted 

or metal parts of the s~ler shall come in contact 
to be analyzed 

4.7.6). 

with 
could or wastewater stream when parameters 

by these · materials (See Section 

The automatic s~ler nust be able 
durin9 the san.,l ing period. This 

to provide adequate 
can be accomplished 

refrigeration 
in the field 

by using ice. 

The 
for 

automatic s~ler · must 
all parameter analyses 

volumes). 

be able 
(see 

to collect 
Appendix 

a large enough 
A for required 

sarrple 
S8111'le 

A minii!UII 
activated 

of 100 mls should 
if a peristaltic 

be collected 
pump is used. 

each time the s~ler is 

The automatic s~ler should provide a l fft 
the san.,ler should be adjustable so that 
fU"'Ction of the pumping · head. 

P~ing velocity nust be adequate to transport 
solids to settle. 

of at least 
the volume 

solids 

20 feet and 
is· not be a 

and not allow 

. . The intake line leading to the pump nust be purged before each 

• 

. ' 
• 

• 

Specific 

s~le is collected. 

The minii!UII inside diameter of the intake line should 

An adequate 
for 48 hours 

power source should be available to operate · 
at a 30·mirote 

Facility . electrical outlets 

Faciltty 
if they 

automatic s~lers 

meets SOP criteria. 

operating 

s~ling interval. 

may be used if available. 

may be used for . conventional 

capabilities, 

be 1/4 ilich. 

the Sllll'pler 

parameters 

and other 
pertinent 
inclUded 

information for 
in the respective 

instructions, 
automatic 
operating 

s~lers presently 
manuals · and are 

capacities, 
used by the 

not presented 
Branch are 

here. 

collect 
mode, 
san.,les 
manually 

4. 7.4.2 EaulpnMt Installation 

4. 7 .4.2. 1 Conventional S!!!!pl ins Automatic 
time · compost te or flow proportional Bllq)les. 

the Sllq)lers are activat~ by a compatible flow 
can also be collected. using a discrete s~ler 

compositing the individual altquots in flow 

Sllq)lers may be used to 
In the flow· proportional 

meter. Flow proportional 
and a flow recorder and 

proportional amounts (2). 
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All · new tubing· CDow4' Corning 
and either Teflon8 or Tygon8, or 

Medical 
equal, 

Grade· 
in the 

Silastic, or equal,. in the ~ 
sample train> will be used for 

each sampler installation. 

Installation procedures include cutting the proper length of tubing, 

positioning it in the wastewater stream, and sampler; progranming. 

a time composite sample, the sampler should be progranmed to collect 

200 
For 

mls at 30·minute intervals or 100 mls at 15-minute Intervals· into a 
refrigerated 3-gallon glass jug •. For a 5·gallon compositing container, the 
volume should be increased 

For a flow proportional the sampler 
interval, 

should be progranmed to collect 
a mininun of 100 mls for 

of the 
each with the interval .predetermined 

based on the flow 

. At the end of each 
positing container with 

waste stream. 

24-hour sampling period, the 
the sample should ·be .stirred 

contents 
and 

of the 
siphoned 

glass 
(poured 

there are no visible 
preservation, 

sol ids) into the respective containers, followed 
inmediate if required. 

4.7.4.3 Automatic Sampler Security EPA owned equipment is assumed 
be in the custody of the permittee as long as it is on their property. 

com· 
if 

. by 

to 
This 

asslJilltion should be made known to permittees whenever equipment is left 
unattended. A lock or seal may be placed on the sampler tampering. 
However, this does not prevent 

may be placed 
possibilities. 

tampering with the sample 
to detect 

collection ' tubing. If 
necessary,. seals on the sampling pole and tubing line to further 
reduce tampering 

4.7.4.4 Automatic Sampler Maintenance. Calibration. and Quality Control 
To insure· proper operation of automatic samplers, and thus the collection of 
presentative samples, the procedures outl lned in this section shall be used 

re· 
to 

maintain and calibrate Branch automatic samplers. 

The 
differences 

following maintenance and calibration procedures shall be used; any 
from those prescribed procedures will be documented. 

Prior to each field trip, the sampler operation will be checked by 

warehouse personnel. This includes operation (forward, reverse, automatic) 
through 
necessary; 
any item 

three cycles of purge-~·purge; checking desiccant and replacing if 
checking 12•volt batteries to be used with the sampler; and repairing 

if necessary. 

During each field trip, prior to initiating sampling, the purge-~·purge 

cycle shall be checked at least once. The constant ~ing volume using a 
graduated cylinder or other · calibrated container wl ll be checked twice, 
and the flow pacer that activates the sampler shall be checked 

at least 
-to be sure it 

operates properly. 

dents, 
placed 

Upon return from 
etc., and repaired, 
u' appropriate. 

a field trip, 
if necessary. 

The operation 

the sampler shall be examined for ho_les, 
The desIccant wl ll be checked and re· 

(forward, reverse, automatic, etc.) wHl 



Section 
Revision 
Date: 

Page 11 

No. 4.7 
No. 0 

2/1/91 
of 8 

be checked 
will then 

and any 
be cleaned 

required repairs will be made and documented. . The Slll!pler 

isms, 
turer•s 
appears 

as outl fned in Appendix B. 

The autcmatic s~ler•s ~ing . rate at 111.1ltiple heads, 
the 111.11 tiplexer, 

specifications 
to be operating 

or the flow pace~ will be checked 
and documented whenever one or more 
i~roperly. 

the timing 
against the 

of these 

me chan· 
manufac· 

fiJnctions 

Autcmatic s~ler blanks IIIJSt 
s~les 

be collected for organic compounds and 
as metals analyses when collecting for trace organic compounds analyses 

described . in section 4.7.6.1. 

4.7.5 Manual Sanpl fng 

Manual s~l ing is normally used for 
inmediate in-situ field analyses. However, 
autcmatic equipment over extended periods 
especially when it is necessary to evaluate 

collecting 
it can 

of time 
unusual 

grab 
also 
for 

waste 

sa~les 

be used 
composite 

stream 

and/or for 
in lieu of 

Slll!pl ing, 
conditions. 

The 
container 
eliminates 
collection 
collecting 

best method to manually collect a s~le ·is to use the actual slll!ple 

which 

which will be used to transport 
the possibility of contaminating 
container. The actual s~le 

s~les for of l and grease and 

the s~le to the laboratory. This 
the . s~le with an intermediate 

container IIIJSt always be used for 
bacterial analyses. 

A separate' collection container can be used to collect the s~le, fran 
the s~le can be redistributed to other containers. If this is done, 

however, 
(Appendix 

the container used to collect the s~le IIIJSt 
B) end IIIJSt be mede of a material that meets the 

be properly cleaned 
requirements of the 

parameter(s) being Investigated. Also, a separate container will be used at each 
sa~ling 

station. 
station. This will prevent cross contamination between s~ling 

If the ·water or wastewater stream cannot be physically reached by the sam· 
pl ing persomel or it is not safe to reach for the s~le, an intermediate 
collection container IIBY be used. The s~le is collected by lowering 
cleaned Teflone, plastic, glass, or stainless steel collection vessel 

a properly 
(type of 

collection vessel used depends on the parameter being investigated) into the 
material to be s~led. The collection vessel may be lowered by hand or attached 
to a pole or rope and then lowered into the stream. 

In sane cases 
to withdrew a s~le 
is imperative that 
liquid are properly 

it may be best to use a ~. 
fran the water 

ell carponents 
cleaned (Appendix 

or wastewater 
of the ~ 

B) to insure 

either power or hand operated, 
stream. If a ~ is used, it 

that cane in contact with the 
.the integrity of the s~le. 

S~les are •rually collected by tipping the collection container in the 
water or wastewater stream ao. the mouth of the container faces upstream. The 
container should be rinsed with this procedure at least twice before the s~le 

is collected (exceptions to this rinsing procedure exist if preservatives are 
present i~ the ·~ling container and for certain analyses such as oil and grease 
end bacteria). 
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4.7.6 Special Sarrple Collection Procedures 

4.7.6.1 Trace Organic Conpounds and Metals Trace organic C!lq)OundS and 
metals detection limits are usually in the parts per . bill ion range, so extreme 
care must be exercised to insure sample integrity. 

All ·containers, corr.,asite bottles, 
metals 

tubing, 
analyses 

etc., 
should 

used in sa!l1'le cot tection 
for trace organic C!lq)Ounds and be prepared as described 
in Appendix B. 

\lhen possi.ble; the sample should be collected directly into the appropriate 
sa!l1'le container. If the material to be sa!l1'led cannot be physically reached, 
an intermediate collection device may be used. This should ·be a Teftone, glass, 
or stainless steel vessel on a pole or rope or Teftone tubing via . a peristaltic 
type ~ and a Teftone vacuun container attachment which converts a sample con-
tainer into a vacuun container. The device which is used should be cleaned as 
described in Appendix B. 

Personnel handt ing the 
with each set 

to prevent 
4.2.10 under 

sa!l1'le should always wear a new pair of disPc>sable 
surgical gloves of sa!l1'les collected and change as often as needed. 
This is necessary cross-contamination. A more detailed discussion is 
given in Section special precautions for trace contaminant sa!l1'ling. 

\lhen an automatic sarrpler is used for collecting sa!l1'les for trace organic 
C!lq)Ounds and metals analyses, the installation procedures include cutting the 
proper length of new Teftone ·tubing, water rinsing ·of the entire collection 
system with a minimum of two gallons of Mllti-ae water, and blank collection for 
organics and metals. In the Milli-ae water rinse, approximately one-hat f gallon 
is initially ~ into the C!lq)Osite S8111'ler container and discarded. An 
additional one and one-half gallons are then ~ into the. C!lq)Osite sampler 
container for distribution into the eppropriete blenlc conteiner. Nitric acid 
must be added to the metals blenlc container. Finally the collection tubing 
should then be positioned in the wastewater stream and sampler programming 
initiated. 

4.7.6.2 Becterial S8111'les for bacteriel enatysis witt etways be cot
sample lected directly into the prepared gtess or ptestic S8111'le bottle. The 

bottle should be kept l.riOpened ~til it is to be fitted. 
removed, cere should be teken not to contaminete the cep or 
bottle. The bottle should be held near the base end fit led to 
inch of the top without rinsing end recepped immedietely. The 
plunged, neck downwerd, below the surfece end turned ~tit 

st ightty upward. The IIOUth should be directed towerd the current 
dix A presents preservation procedures end holding times. 

\lhen the sample bottle must 
because of safety or i~ractfcal f~y 

must be teken to evold contaminetlon. 

be lowered Into 
(manhole, slippery 

the weste 
effluent 

\lhen the 
the inside 

cep 
·of 

is 
the 

within ebout one 
bottle should be 
the neck points 

(4, 5). Appen· 

stream, el ther 
area, etc.), care 

4.7.6.3 
in wastewater 

Jnmiscfble Liquids/Oil and Grease -· Oil end grease may be present 
as e surface film, en emulsion, e solution, or es e conblnetion of 
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a representative sample for 
oil and grease analysis, the inspector lllJSt . carefully evaluate the location of 
the sampling point. The most desirable sa~l ing location is the point of 
greatest mixing. Quiescent areas should be avoided. Because losses of oil · and 
grease will occur on sampling equipnent, • the collection of a c~site sa~le is 
i~ractical. Individual portions collected at prescribed time 
analyzed separately to obtain the average concentrations over 

intervals 
an extended 

must 

period. 
be 

4.7.6.4 Purgeable Organic C~s Analyses (VOA) Sa~les 

in 40·ml 
to be anal· 

yzed for purgeable organic c~unds should be collected ·Septun vials 
with screw caps with a Teflone lined silicone disk in the cap to prevent 

in the caps contamination of the sample by the cap. The disks should be placed 
laboratory (Teflone side to be In contact with the sa~le) in the prior to the 

beginning of the sampling program. 

always 
water 
40·ml 
sa~le. 

When sa~l ing for purgeable organic c~s. ··triplicate samples should 
be collected from each location. The investigator should determine if the 

to be sa~led contains chlorine. If the water contains no chlorine, three 
vials containing four drops of concentrated HCl should be filled with the 

The sa~les may be held up to ·14 days before analysis. When preservation 
(HCl) is not feasible, sa~les can be held up to 7 days before analysis for 
purgeable aromatic hydrocarbons and 14 days for purgeable hydrocarbons c~unds. 

If · the water contains chlorine, the following sa~ ling and preservation 
procedure should be followed:· 

Fill an 8·ounce VOA sampling container with 8 drops of a 25X ascorbic acid 
solution and the water sample. Cap and mix thoroughly but gently by 

. swirling to eliminate residual chlorine. Transfer the sample· to three 40· 
ml VOA vials containing four drops of concentrated HCl *. Label each 40·ml 
vial with "P" (preserved/ascorbic acid). 

* The ascorbic acid and acid 
order and in two separate 

preservatives 
steps. 

must be added in this 

The purgeable organics vials (40·ml) should be c~letely filled to prevent 
volatilization, and extreme caution should be exercis'ed when filling a vial to 
avoid any turbulence which could also produce volatilization. The sa~le should 
be carefully poured down the side of the vial to minimize turbulence. As a rule, 
It is best to gently pour the last few drops into the vial so that surface 
tension holds the water In a "convex . meniscus." The cap is then applied and some 
overflow is lost, but air apace in the bottle is eliminated. After capping, turn 

· the bottle over and tap It · to check for t:Ulbles; If any are present, repe11t the 
procedure using a new 40·ml vial. 

to any 
sampling 
holding 

Sampling containers 
field activities. 

activities by the 
times, and sample 

with preservatives 
This will reduce 

lnve~tigation team. 
volunes · are listed 

should be prelabeled (i.e., P) prior 
the chances of confusion during 
Sample preservation, containers, 

in Appendix A. 

4.7.7 Special Process Control Sanples and Tests 



these 
Special 
sarrples 

process 
are given 

control sarrples . collected and field 
in Appendix _H. 
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tests performed on 
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While conducting wastewat~r sarrpl inS, the following infonrlation will also 
be obtained (if applicable): 

field 
3.5). 

• 

• 

• 

• 

• 

• 

Field 
6 .and 

measurements 
Appendix 

- pH, DO, conduCtivity, ten.,erature (see Section 
D for standard · field analytical techniques); 

Flows associated with the sarrples collected continuous flows with 
corrposite sarrples and instantaneous 
5); 

Diagrams 
systems 

Photographs 

and/or ·· written 
(If available); 

of pertinent 

descriptions 

wastewater 
flow measuring · devices, treatment 
specified in section 3.2.3); 

flows with grab sarrples (Section 

of the wastewater treatment 

associated equipment,· such 
units, etc. (keep photolog 

as 
as 

Process control information on the wastewater treatment process (if 

applicable); and 

C~letion of applicable forms required during specific 
investigations. 

All observations,· measurements, 
logbooks or attached thereto 

diagrams, etc., 
(where applicable 

will be entered 
as specified in 

in bound 

Section 
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4.8 SURFACE · ~ATER AND SEDIMENT SAMPLING 

4.8.1 

Selection of a surface water sa""l.ing location · for water quality studies . 

is based on many factors, including: study objective, water use, 
changes 

turbulence, 

point source 

discharges, . nonpoint source discharges, tributaries, 
depth, 

in stream 

characteristics, types of stream bed, stream presence of 
structures (weirs, dams, etc.), accessibility, personnel avai table, 

considered 
etc. ~hen 

sa""ling in estuarine systems, tidal effects lllJSt be in selecting 

sa""l i ng locations. 

If the study objective is to investigate a specific location as a source 
of water supply, recreation, or other discrete use, then considerations such as 
accessibility, flow, velocity, physical characteristics, etc., are not as criti· 
cal from a water quality investigation standpoint. 

If the ·objective of a water quality study is to determine patterns 
data for mathematical modeling purposes, conduct assimilative provide 

studies, 
then 

etc., 
several 

where more than 
become 

a single sa""ling location is to 
factors interrelated and need to be considered 

of 

be 

pollution, 
capacity 
investigated, 
In sa""l i ng location selection. An excellent guide to conducting surface water 
stream 
(6). 

4.8.2 

studies 

Sanple 

is F. ~. Kittrells, "A Practical Guide to ~ater Quality Studies" 

Site Selection 

Before any sa""l ing is conducted, an initial reconnaissance should be made 
to locate suitable s~l ing locations. Bridges and piers are normally good 
choices as sites since they provide ready access and permit water sa""l ing at any 
point across the width of the water body. However, these structures may alter 
the nature of water . flow and thus influence sediment deposition or scouring. 
Additionally, bridges and piers are not always located in desirable locations 
with reference to waste sources, tributaries, etc. ~ading for water sa""les in 
lakes, ponds, and slow-moving rivers and streams lllJSt be done with caution since 
bottom deposits are easily disturbed, thereby resulting in increased sediment in 
the overt ying water col urn. On the other hand, wadeable areas may be best for 
sediment s~ling. In slow-moving or deep .water, a boat is usually required for 
sa""ling. 

access 
boats 

Sa""l ing station 
if the stream is 

frequently provide 

locations 
navigable 

the only 

. ~ading to collect s~les 

can be chosen without regard to other means of 
by boat, especially in estuarine systems where 

access to critical s~l ing locations. 

may be feasible. in some cases, but this method 
usually will be chosen for only very small streams. A field investigator usually 
has to carry . a considerable BIIIOU'It of s~ling equipment, field analytical 
instrunents, and water s~les. . When it also is· necessary to wear rubber boots 
to walk the streanbed or to wade out to the main current, the physfcal effort 
involved often melees this method too difficult to be practical. 



Fresh water environments 
rivers, streams, and creeks: 
waterways differ considerably 
adapted to each. Estuarine 
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are 
and (2) 

commonly separated · into two types: (1) 

lakes, ponds, and irrpotrdnents. Since these 
in general 

environments 
characteristics, 

are a special 
she 

case 
selection must be 

and are discussed 

4.8.2.1 Rivers. Streams; and Creeks -- In the selection of a surface water 
sarrpl ing site on rivers,. streams, and creeks, areas that exhibit the greatest de· 
gree of cross-sectional homogeneity shall be located. When available, previously 
collected data may indicate ff potential sarrpl ing locations are well mixed or 

vertically or horizontally stratified. Since mixing is principally governed by 

turbulence and water velocity, the selection of a site illlllediately downstream of 
a riffle area will insure good vertical mixing. These locations are also likely 
areas for deposition of sediment since the greatest deposition occurs where 
stream velocity slows down. Horizontal (cross-channel) mixing occurs in con· 
strictions in the channel, but because of velocity ·increases, the stream bottom 
may be scoured, and therefore, a constriction is a poor sediment sarrple location. 
In the absence of turbulent areas, the selection of a site that is clear of irnne· 
diate point sources, such as tributaries and industrial and IIU'Iicipal effluents, 
is preferred for the collection of water sarrples. 

Typical 
of 

sediment 
islands, 

depositional 
and downstream 

areas are. located 
of obstructions 

illlllediately upstream or downstream from the 

inside of river bends, 
in the water. Sites that 
confluence of two streams 

downstream 
are located 
or rivers 
immediately 
patterns. 

should generally be avoided since flows from two tributaries may not 
mix, and at times due to possible back flow can upset the normal flow 

When . several 
be strategically 

stations 
located: 

along a stream reach are to be Sllll'pled, · they should 

• 

• 

• 

They shall be spaced at intervals based on time-of-water-travel, not 
distance. For exarrple, sllll'pl ing stations may be located about one· 
half day time·of·water·travel for the first three days downstream of 

one a waste source (the first six stations> and then approximately 
day through the remaining distance. 

If the 
Sllll'p l i ng 
purposes. 

study fs 
stations 

to be 

should 

A station should be located 
fn the stream channel. 
adjacent stations should 

compared to a 
be used, if 

previous 
possible, 

study, 
for 

the same 
comparison 

whenever a marked physical change occurs 
Exllll'ple: A stream · reach between two 

not include both a long rapids section of 
swift shallow water with a rocky bottom, and a long section of deep, 

end of the slow-moving water with a IIIJcldy bottom. Stations at each 
contJined reach wou.ld yield data on certain rates of change, such as 
reaeration, that would be an l.l'lreal istic average of two widely 
different rates. Much more would be learned of the actual natural 
characteristics of the stream by ·inserting a third sampling station 
within the reach, between the rapids and the quiet water sections. 
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major discharges as 

Dams and weirs cause changes in phy~ical characteristics · of a stream. · They 

usually create quiet, deep pools in river reaches that, historically were swift 

and shallow. Such iJil)Ouncinents should be bracketed. ~en . times . of water travel 
through them are long, stations should be establIshed within the iJil)Oundnents. 

Some 
significant 
be located 

stream structures, such as dams, permit overflow that accOI!lll ishes 
reaeration of oxygen deficient ·water. In such cases, stations should 

short distances 
artificial 

upstream and downstream fran the structures · to measure · 

the rapid, increase 
reaeration. 

in dissolved oxygen (DO), · which is not 
representative of natural 

A minimum of three stations located between any two points of major change 
in a stream is a desirable precaution, when feasible, even when the time·of· 
travel between the points of change is short. Major changes may consist of a 
waste discharge, a tributary inflow, or a significant difference in chaMel 
characteristics. The use of three stations is especially iJil)Ortant when rates 
of change of unstable constituents are being determined. If results fran one of 
only two stations in a subreach are in error for sane unforeseen reason, it may 
not be possible . to judge which of the two sets of results indicate the actual 
rate of change. Results fran at least two of three stations, on the other hand,· 
will probably support each other and indicate the true pattern of water quality 
in the subreach. 

If there is interest in the effects of certain discharges or tributary 
streams 
downstream 

on ambient 
fran the 

water quality, sites should be located both upstream and 
tributaries or discharges. 

Unless a stream is extremely turbulent, it is nearly iJil)Ossible to measure 
the effect of a waste discharge or tributary immediately downstream · of the 
source. Inflow frequently "hugs'' the stream bank with very little horizontal 
(cross·chaMel) mixing for some distance. This is a major consideration in 
estuarine environments. S~~~Tples fran . quarter points may miss the wastes 
altogether and reflect only the .quality of water above . the waste source. Samples 
taken directly In the portion of the cross section containing the wastes would 
indicate excessive effects of the wastes with respect to the river as a whole. 

Tributaries should be sampled as near · the mouth as is feasible. This may 
be a bridge some distance . upstream fran the mouth. Frequently,· the mouths of 
tributaries may be entered . fran the main stream for s~~~~pl i ng by boat. Care 
should be· exercised to avoid collecting water 'fran the main stream that . may flow 
into the mouth of the tributary on either the surface or bottan because of 
differences in density resulting fran teq:lerature, dissolved salts, or turbidity. 

Actual s~~~~pling locations will vary with the size of the water body and the 
amount of turbulence in the. stream . or river. Generally, with small streams less 
than 20 feet wide, a s~~~Tpling site can be fcxnf where the .· water is well mixed. 
In such cases, a single grab sample taken at mid·depth at the center of the 
channel is adequate to represent the entire cross-section. A sediment sample can 
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also be collected at the center of the chamel. For slightly larger streams, at 
least one vertical corrposite should be taken from mid·stream, with sarrples taken 
just below the surface, at mid·depth, and just above the bottom. Of course, DO, 
pH, t~rature, conductivity, etc. should be measured on each aliquot of the 
vertical corrposite. For large rivers, several locations across the chamel width 
should be Sllqlled. Vertical corrposites across the chamel width should be 
located in a mamer that is roughly proportional to flow, i.e., they should be 
closer together toward mid·chamel, where most of the flow travels, than toward 
the banks, where the proportion of total flow is smaller. The nurb!r ' of vertical 
corrposites · required and the nurber of depths s~led for each are usually 
determined in the field by the sa~Jl)l ing crew. This determination is based on a 
reasonable balance between the following two considerations. 

1. The larger the nurber of subsllqlles, the more nearly the cOIJl)Os i te 
SS~Jl)le will represent the water body. 

2. Taking subsllqlles is time-consuning and expensive,· and increases the 
chance of contamination. 

In most circunstances, a nunber of sediment SS~Jl)les should be collected 
along a cross-section of a river or stream in order to adequately characterize 
the bed material. A conmon procedure is to s~le at quarter points along the 
cross-section of the site selected. When the Sllqll ing technique or equipnent 
requires that the sllqlles be extruded or transferred at the site, they can be · 
corrbined into a single corrpos ite SIIIJl)le. However, SIIIJl)les of dissimilar 
corrposition should not be corrbined but should be stored for separate analysis in 
the laboratory. To insure representative SIIIJl)les, the preferred method is diver 
deployed coring tubes. 

4.8.2.2 Lakes. Ponds, and lnpounctnents -- Lakes, ponds, and i IJl)Ouncinent s 
have a rrueh greater tendency to stratify than rivers and streams. The relative 
lack of mixing requires that more sarrples be obtained. Occasionally, an extreme 
turbidity difference may occur vertically where a highly turbid river enters a 
lake, and each layer of the stratified water colunn needs to be considered. 
Since the stratification is caused by water t~rature differences, the cooter, 
heavier river water is beneath the warmer lake water. A t~rature profile of 
the water colunn as well as visual observation of lake SIIIJl)les can detect the 
different layers and they can be Sllqlled separately. 

The nurber of water &IIIJl)l ing sites on a lake, pond, or iqxxrdnent will· 
V_!rY with , the pUrpose of the investigation as well as the size and shape of the 
basin. In ponds and small iqxxrdnents, a single vertical corrposite at the 
deepest point may be sufficient. Similarly, the measurement of DO, pH, 

t~rature, etc., is · to be conducted on each. vertical ·corrposite aliquot. In 
naturally-formed ponds, the deepest point is usually near · the center; in 
i~Jl)Cuncinents, the deepest point is usually near the dam. 

In lakes and larger ·iqxudnents, 
corrposited to form a single SIIIJl)le. 
taken along a transect or grid. 

several 
These vertical 

vertical . 
SIIIJl)ling 

the nurber of vertical 

subsiiiJl) l es 
locations 

depths at which aubsiiiJl)les are 
Again, 

taken are usually at the 
subsiiiJl) l es 
discretion 

should be 

are often 
and the 
of. the 
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sarrpling crew. In some cases, 
and hypol innetic 

subsarrples 

it may 'be of interest to form _separate CCJII1l0Sites 
consist of epil innetic zones, but normally a CCJII1lOS i te shall of 

several 

tected 
quately 

vertical 

In lakes 
from the 

represent 

collected at various 

with irregular shape and with several 
wind, additional separate CCJII1l0Site 

depths. 

bays 
sarrples 

water quality. .Similarly, additional 

and coves that 
may be needed 

sarrples should 

where discharges,. tributaries, 
influencing 

land . use characteristics, and other such 

are pro· 
to ade-· 

be taken 
factors 

are suspected of ·water quality. 

· \/hen collecting sediment sarrples in lakes, pond, · and reservoirs, the site 
selected should be approximately at the center of water mass. This is particu-
larly true for reservoirs that are formed by the impoundnent of rivers or 
streams. Generally, the coarser grained sediments are deposited near the 
headwaters of the reservoir, and the bed sediments near the center of the water· 
mass will be CCJII1l0sed of fine-grained -materials. The shape, inflow pattern, 
bathymetry, and circulation must be considered when selecting sediment sarrpl ing 
sites in lakes or reservoirs. 

4. 8. 2 .3 ::.E~st~u~a:.:...r.:.:i n~e..__..:::\l:::.at~e:.:.r~s -- Estuarine areas are zones where inland fresh-
waters (both surface end ground) mix· with oceanic saline waters. Estuaries are 
generally. categorized into three types, dependent upon freshwater inflow and mix-
ing properties (7, 8, 9, end 10): 

• Mixed estuary Characterized by an absence 
(gradual or no marked increase in salinity 
a gradual increase in salinity seaward. 

of vertical halocl ine 
in ·the water colum) 
Typically this type 

and 
of 

estuery is found in major freshwater sheet flow areas, featuring 
shallow depths. 

. . Salt wedge estuary Cherecterized by a sharp vertical 
a deep 

camot 

increase in 

unless 
should 
study 
tide 
to the 
are: 
These 
whether 

• 

salinity end channelized freshwater inflow into estuary. In 
these estuaries, the verticel mixing forces override the 
density differentiel 
sel t wedge tapering 

between 

in lend 
fresh and saline 

moves horizontally, 
waters. 

back and 
In effect, a 
forth, with 

the tidal phase. 

Oceenic 
strength 

estuary Characterized by sel-inities 
oceanic weters. Seesonally, freshwater 

with the preponc:lerence of the fresh sel ine weter 
neer, or at, the vegetated shore line. 

epproeching full 
inflow is small 

mixing occurring 

A reconnaissance investigation should be conducted for · each estuarine study 
prior knowledge of the estuarine type _is available. The reconnaissance 
focus upon the freshwater end oceanic water dynamics with respect to ·the 

objective. In this regard, National Oceenic Atmospheric Administration 
tables and USGS freshweter surface water flow records provide perspective 

estuary dynamics. The basic in-situ measurement tools for recomaissance 
a boat, recording fethometer, . salinometer, and dissolved oxygen meter. 

instrunents coupled with the study objective or pollution source locetion, 
it is . e point or nonpolnt source problem, provide the focus for setting 
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sal!1)ling locations. More 
changed 

often than not, preplanned s81!1)l ing 
period. 

locations in 

estuarine areas are during the actual study Because of the 

dynamics of estuaries, 
could be better served 

initial s81!1)ling 
by relocating, 

often 
adding, 

reveals that the study objective 
or deleting S81!1)l ing locations. 

Sarrpl ing in estuarine areas is normally based 
(11). 

upon the tidal phases, with 

samples collected on successive slack tides 

All estuarine S81!1)l ing programs conducted by Branch personnel shall 
vertical salinity measurements at one· to five·foot increments coupled 
tical DO and tel11)erature profiles. A variety of water sampling devices 
but in general, the Van Dorn Cor similar type) horizontal sampler is 

include 
with ver· 
are ·used, 
errployed. 

Samples are normally collected at · mid·depth in areas where the . depths are 
less than 10 feet, unless the salinity profile indicates the presence of a halo· 
cline (salinity stratification). In that case, samples are collected from each 
stratun. Depending upon the study objective, · when depths are greater than 10 
feet, 
foot 

water 
from 

samples 
the bottom. 

may be collected at the one·foot depth, mid·depth, and one· 

tions 
sources, 
single 

estuarine In general, 
conducted during wet 

estuarine water 
season study. 

investigations 
and dry periods. 

quality dynamics 

are two phased, 
Depending upon 
cannot normally 

with 
the 

be 

study investiga· 
freshwater inflow 

determined · by a 

For a complete 
9, and 10. 

discussion of estuarine systems, refer to . references 7, 8, 

4.8.2.4 Control· Stations Jn order to have a basis of comparison of 
water quality, the collection of Sall'ples from control stations is always 
necessary. A control station above the source of waste is fully as in-portent· as 
are stations below, and should be chosen with equal care to ensure . representative 
results. At times it may be desirable to locate two or three stations above the 
waste inflow to establish the rate at which the unstable material is changing. 
The time of travel between the stations should be sufficient to permit accurate 
measurement of the change In the constituent under consideration. 

4.8.3 Sa!!pl fng Egufpm!!nt 

4.8.3.1 
a sal!1)le are 
to be violated 
being san-pled. 

~ 
acceptable 

and which 

and Techniques 

Any 
as long 

provide 

equipment 
as they 

8 s81!1)le 

. or. S81!1)l ing 
do not cause 

which is 

techniques 
the integrity 

representative 

used to collect 
of the S81!1)le 
of the stream 

4.8.3.2 \later S!!!!p( fng Eguipment/TechniQU@s The physical 
equipment 

location of 
the investigator when collecting a Sall'ple may dictate the to be used. 
If surface water .s81!1)les are required, direct dipping of the s81!1)le container 
into the stream is desirable •. This is possible, however, only from a small boat, 
a.pier, etc., or by wading· in the stream. \lading, however. may cause bottom de· 
posits to rise and bias the sanple. "&ding is acceptable if the stream has a 
noticeable · current Cis not i~>. and the sall'ples are collected directly 
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into 
the 

the bottle while pointed upstream. 
from more 

equipment 

If the stream 
than one water 

nust be used. 

is. too 
depth 

deep to wade or if 
or from a bridge, sa"l'le nust be collected 

etc., supplemental s~lfng 

Teflone bailers may be used for surface water s~l ing, if the data 
requirements do not necessitate a sa"1lle from a strictly discrete interval of the 
water colum. A closed top bailer with a bottom check·valve is sufficient for 
many studies. As the bailer is lowered through the water colum, water is 
continually displaced through the bailer until the desired depth is reached, at 
which point the bailer is retrieved. This technique may not be successful where 
strong currents are found, or where a discrete . sal!1lle at a specific depth is 
required. 

If discrete sa"1lles are desired at a specific depth, and the parameters to 
be measured do not require a Teflone coated s~ler, a standard Kemmerer or Van 
Darn sa"l'ler may be used. The Kemmerer sa"1ller is a brass cylinder with rubber 
stoppers that leave the ends of the s~ler open while being lowered in a 

vertical po~ition to allow free passage of water through the cylinder. The Van 
Darn· sa"l'ler is plastic and is lowered in a horizontal position. In each case, 
a messenger is sent down . a rope when the . sa"1ller is at the designated depth, to 
cause the stoppers to close the cylinder, which is then raised. \later is removed 
through a valve to fill respective sa"1lle bottles. \lith- a rubber tube attached 
to the valve, DO s~le bottles can be properly filled by allowing an overflow. 
\lith nultiple depth s~les, care should be taken ' not to stir. up the bottom 
sediment and thus bias the sal!1lle. 

analyzed 
Sal!1lle 
follow 

sa"1lle 

A plastic bucket 
do not preclude 

water 
standard 

4.8.3.3 

prior to 
cleaning 

Sediment 
from a streantled, 

Eckman, Ponar), coring, 
method used, precautions 
representative of the 
paragraphs. 

can be used to collect 
it. However, the bucket 

collection of the sample. 
procedures. 

sa"1lles 
should 

:All 

Sampling Equipment/Techniques 

if the parameters 
be rinsed twice 
field equipment 

to be 
with the 

should 

To collect a sediment 
a variety of methods can be Used. Dredging (Peterson, 

and scooping (BMH·60) are available. Regardless of the 
shall be taken to insure that the sal!1lle collected is 

streantled. These methods . . are · discussed in the following 

4.8.3.3.1 
used when the 
is high. The 

Dredging For routine analyses, 
deep water, 

very slowly 
materials 

the Peterson dredge can be 
bottom is.· rocky, in very or when the stream velocity 
dredge should be . lowered as it approaches bottom, be· 

cause it· can displace and miss lighter if allowed to drop freely. 

The Eckman dredge has only limited usefulness. It performs· well 
material is tnJSually soft, . as when covered with organic sludge or 

It is unsuitable, however, for sandy, rocky, and hard bottoms and 
bottom 
nud. 

light 
bridge 

for use in streams with high velocities. It should not be used 

where 
light 

is too 
from a 

which more than 11 few feet . abOve . the water, because 
activates 
a height. 

the Slll!1ller can be damaged by the messenger 
the spring 

if dropped. 
mechanism 

from too great 
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The Ponar dredge is a modification of the Peterson dredge and is similar 

in size and weight. It has been modified by the 
screen on the top of the sa""le c~rtment. 

addition of side plates and a 
The . screen over the sa""le I 

c~artment penni ts water to pass through the s~ler as it descends thus 
reducing the 11shock wave." The Ponar drectge 
the same fashion as the Peterson dredge. 
effective sa""lers for general use on all 

is easily operated by one person in 
The Ponar dredge is one of the most 

types of substrates. I 
4.8.3.3.2 ~ •• Core s~lers 

sediment. They are particularly useful 
are used to sample vertical columns 

when a historical approach to sediment 
of I 

deposition is desired for they preserve the sequential layering of the deposit. 
Many types of coring devices have been 
from which the sample is to be obtained, 

developed depending on the depth of water 
the nature of the bottom material, and I 

the length · of core to be collected. They vary from hand push tubes to weight or 
gravity driven devices. 

Coring devices are particularly useful in pollutant monitoring because the I 
"shock wave" created by descent is minimal, thus the fines of the sediment-water 
interface are only minimally disturbed; the s~le is withdrawn intact permitting 
the removal of only those layers of interest; core liners manufactured of glass I 
or Teflone can be purchased, thus reducing possible sa""le contamination; and the 
sa""les are easily delivered to the lab for analysis in the tube in which they 
were collected. The disadvantage of coring devices is that a relatively small 
surface area and sample size is obtained often necessitating repetitive sa""l ing 
in order to obtain the required amount for analysis. Because it is felt that 
this disadvantage is offset by the ·advantages, coring devices are recommended in 
sa""l ing sediments for trace organic c~ or metals analyses. I 

In shallow, wadeable waters, the direct use of a core liner or· tube manu-
factured of Teflone or glass is recommended for the · collection of sediment sam· I 
ples. Their use can also be extended to deep waters when SCUBA equipment is 
available. Teflone is preferred to avoid glass . breakage and possible sa""le 

· loss. Stainless steel push tubes are also acceptable and provide a better cut· 
ting edge and higher strength than Teflone. The use of the glass or Teflone tube I 
by itself eliminates any possible metal contamination from core barrels, cutting 
heads,, and retainers. The tube should be approximately · 12 inches if only recent· 
ly deposited sediments (8 inches or less) are to be s~led. Longer tubes should I 
be used when the depth of the substrate exceeds eight inches. Soft or semi· 
consolidated sediments such as nud and clays have a greater adherence to the 
inside of the tube and thus can be sampled with larger diameter tubes. Because 
coarse or · t.nconsol idated sediments such as sands and gravel tend to fall out of I 
the tube, a small diameter is required for them. A tube about two inches in die· 
meter is usually the best size. The wall thickness of the tube should be about 
1/3 inch for either Teflon8 or glass. The inside wall may be filed down at the I 
bottom of the tube to feci l ftate entry of the liner into the substrate. 

Caution should be exercised not to disturb the area to be sampled when the I 
sa""le is obtained by wading. in shallow water. The core tube is pushed into the 

until only four inches or less 
interface. When sampling hard or coarse 
tube while it is pushed will facilitate 

of the tube is above the sediment·water 
substrates, a gentle rotation of the 

greater penetration and cut down on core 

substrate 

I 
I 
I 
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c~ction. The tube is then · capped with a Teflon8 plug 

held in place by a rubber stopper or cork. After capping, 
or a sheet 

the tube 

extracted, the negative pressure and adherence of the sediment 

in the tube. Before pulling the bottom part of the core above 

it too is capped. 

For a detailed 
"Sarrpl ing Protocols 
ment anci Fish" (12). 

description 
for Analysis 

of several types 
of Toxic Pollutants 

of coring 
in Ambient 

keeping 
the water 

devices, 
~ater, 

of Teflon8 
is slowly. 

the saq:~le 

surface, 

refer to 
Bed Sedi-

4.8.3.3.3 Scooping -- If the water is wadeable, the easiest way to collect 
a sediment saq:~le is to scoop the sediment using a stainless 
scoop. This reduces the potential for cross-contamination. 

steel 
This 

spoon 
can 

(into 

or 
be 

the accomplished by wading into the stream, and while facing upstream 
current), scooping the sarrple along the stream bottom in the upstream 
If the stream is too deep to wade but less than eight feet deep, 
steel scoop attached to a piece of conduit can be used either from 
the stream is narrow or from · a boat. 

direction. 
a stainless 

the banks · If 

If the stream 
pier may be used. 

has a significant flow and is too deep to wade, a BHH-60 sam-
It is not particularly efficient in nud or other soft sub· 

strates because its weight will cause penetration to . deeper sediments, which are 
not desired when saq:~ling for priority pollutants. It is also difficult to 
release secured sarrples in an undisturbed fashion that would readily permit 
subsarrpling. The BHH·60 may be used for priority pollutant sarrpl ing provided 
that caution is exercised by only taking subsamples that have not been in contact 
with the metal walls of the sarrpler. 

4.8.3.3.4 Hixing Regardless of the method of collection, sediment 
sarrples collected for chemical analysis should be thoroughly mixed (except for 
purgeable organic compounds analysis) before being placed in the appropriate 
sarrple containers, as specified in. Section 4.2.10. 

4.8.4 Special Sanple Collection Techniques 

4.8.4.1 Trace Organic Corrpounds and Metals Since trace organic 
in ambient 

or fish~ 

to ensure 

compounds and metals are usually · found - in extremely low concentrations 
waters, the possibility of contamination · is greater than with sediment 
Precautions must be taken with sampling equipment and preservatives 
that contemi nation does not occur. 

Direct dipping of the s~le containers is the preferred method of 
collecting surface water s~le for trace levels· pollutants analyses. If ~amples 

are to be split for enforcement or quality control purposes, · and duplicate 
saq:~les will not suffice, a sufficient volume for all s~le containers should 
be collected in a large glass compositing container and then, with mixing, be 

alternately siphoned or pour~ into the respective s~le bottles. This 
technique is not to be used , for s~les collected for purgeable organic compounds 
analysis. 
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Many contaminants are partitioned more strongly to sediments than water; 

thus, 
degraded 
Teftone, 
Level 

if these contaminants have been deposited recently and are not quickly 
or desorbed, they are evident in the sediment ·analysis. Ideally, only 
stainless steel, or glass should 

The method 
be used in sediment S8Jilll ing for trace 

contaminant analyses. using glass or Teflon& coring tubes, was 
discussed previously, is the preferred technique. 

In many 
only sa~l ing 
a high grade 
be used to 

situations 
location 

stainless 
collect 

when the water is deep, divers are not 
be used. 

cleaned, 
scooping 

available, or the · 
is from a bridge, a dredge may 
steel Ponar dredge (properly 

the sediment sa~les. Direct 
sediment as described. earlier is acceptable. 

4.8.4.2 Bacterial Sa~les for bacteriological 
collected in bottles properly sterilized. and protected 
The preferable method is to scoop up the water with the 
the surface. This method usually is used when sa~ling 

bottle is open, both bottle and stopper 111.1st be protected 
A small amount of water should be poured from the bottle 
an air space for subsequent shaking in the laboratory. 
closed. at once. 

In these cases, 
Appendix 8) shall 
of the · streanbed 

examination 111.1st be 
against contamination. 
open bottle just below 

by boat. \lhile the 
against 
after 

The 

contamination. 
filling to leave 

bottle should be 

Uhen 
a weighted 
The . bottle 
be taken 

S8Jil)ling from a bridge, the stern ized s8Jil)le bottle can be placed in 
frame, opened, 
can also be 

not to dislodge 

and then lowered to the water with a string or rope. 
lowered by attaching twine directly to ft. Care should 

dirt or other material from the bridge that will fall 
into 
the 

the open 
bottle 

bottle. 
downstream 

The mouth of the bottle may be faced upstream by swinging 
l.nder the bridge and dropping It quickly but without 

excessive 
water. 

Special 

slack in the rope. The bottle Is then pulled upstream and out of the 

equipnent for collecting sterHe s~les at various depths is 
The JZ sa~ler, for ex~le, includes a metal frame to hold the available. 

sa~le 

through 
bottle, two sterile glass tubes connected by a rubber tube and inserted 

the sterile bottle stopper, and a messenger. one of the glass tubes is 
bent so that the upper portion Is horizontal. This portion Is positioned next 
to a rope. The messenger breaks the tube, which allows the bottle to fill. The 
bottle, glass tube and rubber tube aust ·be properly stern ized before use. 
Additional guidance for collecting samples for bacterial analyses is given In 
References 4 and 5. 

4.8.5 Auxfl iary Data Collection 

field log book will be used to record dally activities; describe 
s~ling 

Section 
invaluable 

locations and techniques, 
3.5. Vfaual observations 

in interpreting water 

list photographs taken, etc., as specified in 
are particularly significant and may prove 

quality study results. 'These visual 
observations, including weather ·and stream conditions (including tide stage) 
during the Investigation should also be · recorded In field records. 
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4.8.6 Specific Sarrpl ing Egu"itllnent Quality Assurance 

All 
Appendix 
spec ted 
necessary· 

water 
B after 

and sediment sarrpl ing 
field use and before 

equipment shall 
be!ng . stored. 

and tested before 
shall be made and 

being · issued 
recorded. 

for each 
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Procedures 

be cleaned 
This equipment 
field study. 

as outlined in 
shall be in
Any repairs 

During field 
B and all such 

studies, 
cleaning 

this equipment shall be cleaned as outlined 
in field 

in Appen
records. dix procedures shall be documented 
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4.9 GROUND WATER SAMPLING 

4.9.1 

·Ground-water sanpl fng may be required for a variety of reasons, such as 
examining potable, or industrial· water supplies, checking for and/or tracking 

contaminant plune movement in the vicinity of a land disposal or spill site, RCRA 
c0111)l iance monitoring, or exam1n1ng a site where historical information is 
minimal or non-existent but where it is thought grotn:l water contamination could 
have occurred. 

ari ly 
water 

Ground water 
or permanently 
is present, 

is usually 
installed. 

as in a pit 

sampled through an in· place well, 
However, it can also be sanpled 

either 
anywhere 

t~r

grotn:l 
or a dug or drilled hole. 

Occasionally, a well will not be in the ideal location to obtain the sample 
needed (for example, to track a contaminant plume). In that case, a well will 
have to be installed, and it may be either a t~rary or permanently installed 
well. An experienced and knowledgeable person will need to locate the well 

will 
and 

be supervise its installation so that the samples ultimately collected 
representative of the ground water. 

The procedures covered in this section are those used by 

tional guidance is given in the 11RCRA Ground Water Monitoring 
ment Guidance Document" (TEGD) (13); the ground water sampling 
by Branch personnel will meet or exceed the requirements of 

4.9.2 

shall 

Site Selection 

The relationship 
be considered and 

• the direction 

of the following 
evaluated when 

of grotn:l·water 

factors 
selecting 

flow, 
of the aquifer (if applicable>: 

• type of stratigraphy; 

• presence of perched water tables: 

• types of aoi la; 

• depth to bedrock; 

• type of vegetation; 

• surface drainage patterns: 

• type of topography; 

• general land use: 

to potential 
ground-water 

depth to ground 

the Branch. Addi· 
Technical Enforce· 

procedures used 
this document. 

pollution 
sanpl ing 

water, 

sources 
sites: 

thickness 
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• and surface features such as ·rock outcrops, seeps, · springs, streams, 

rivers, and .wet areas (14). 

I 
The area of interest should be located on an aerial photograph, a USGS 7.5 

minute · quadrangle map, a USDA soils map, and/or any other appropriate map that 
shows topography and general relationships between surface features. ·Aerial 
photographs can usually be obtained at the local ·Agricultural Stabilization 
Conservation Service CASCS) office or the local county tax office. USGS 7.5 
minute quadrangle maps can be acquired from the State Geological Survey or from 

the USGS, and soils maps from 'the USDA-SCS (Soil Conservation Service). A ·visual 
inspection of the area may be sufficient to evaluate and determine the surface 
conditions and their relationship to the subsurface conditions (14). In some 
cases, surface conditions and subsurface conditions cannot be correlated by site 
inspection or recomaissance. \lhen this occurs, a more detailed study, possibly 
involving test drilling, will have to be conducted. 

It is extremely irrportant to sample the unconfined or surficial aquifer 
downgradient of potential pollution sources or spills · to determine if it (the 
most easily contaminated aquifer) has been affected. Generally · the direction of 
ground·water flow can be estimated by two vectors one in the direction of 
surface water flow (i.e., downstream) and another toward the nearest surface 
water stream or river, if present. The relative magnitude of these vectors will 
vary according· to site conditions and .in some instances. both direction and 
magnitude may be changed by construction activities. If both a shallow and a 
deep aquifer are involved in the zone of interest, a screening study will reveal 
whether or not the deep aquifer should be sampled and a more detailed study is 
required. To adequately assess subsurface conditions, a mininun of three wells 
is required; one in the upgradient portion of the area of interest, one in the 
middle portion, and one in the ·downgradient portion. In some cases, a more 
complex system of wells may be needed to define the subsurface conditions, 
especially in establishing the depth to the shallow ground-water aquifer and the 
direction of ground·water movement. Site conditions and the scope of the project 
will determine the total rurber of wells required. Existing wells should be used 
when possible. \o'here permanent well installation is necessary, the wells should 
be installed according to the procedures in Appendix E. 

4.9.3 Purging Equipment end Techniques 

4.9.3.1 General -- . Wells shall be purged before taking samples in order 
to clear 
conditions. 
the volune 

the well of stagnant water which is not representative of aquifer 
The method of purging is to pulP the well W"~til three to five times 

of standing water in the well has been removed end W"~til the s:>ecific 
temperature, end pH of the ground water stabil fzes. Normally, 

of the two methods is employed C I .e., specific conductance, tempera-
pH are measured at-- intervals and three to five volunes are purged). 

a conductance, 
combination 
ture, and 
If a well is pulPed dry, this constitutes an adequate purge and the well can be 
sampled 
should 
in the 
cascade 

following recovery C1.5, 17). However, if possible, monitoring wells 
not be pulPed dry. .If the well is pulPed dry, water that has been trapped 
sanclpack may be s~led. In addition, as water . re-enters the we\\ it may 

down the well screen . and strip volati \e contaminants. 



4.9.3.2 Equipment Available 
in·place plumbing/pumps or when 

Monitoring 
in·place 

well 
pumps 

purging 

are not 

Section 4.9 
Revision No. 0 
Date: 2/1/91 
Page 3 of 7 

is acc~l ished by 

available, by using using 
EPA equipment; either a peristaltic, turbine, bladder, centrifugal, or other 
appropriate ~. depending . on well depth. A Teflone, closed top bailer may be 
used for purging; however, bailing may stir up sediment in the well . if conducted 
iqlroperly. 

Other monitoring equipment used durfng purging includes water level indi· 
Field cators, 

Analytical 
pH meters, thermometers, and conductivity bridges (See Section 6, 

Procedures). 

4.9.3.3 Purging Techniques (Yells Yithout Plumbing or In Place Pumps) 

4.9.3.3.1 General •• For permanently installed wells, the depth of water 
shall be determined (if possible) before purging. This can be acc~lished by 

attaching a weight on the end of a tape and lowering it into the well until it 
touches the water, or by use of a mechanical or electrical water level indicator 
(see Ground·Yater Level Measurement Techniques, Section 7.7). Branch personnel 
shall exercise extreme caution during this procedure to prevent contamination of 
the ground water. This is a critical concern when S&qlles for trace organic 
cOqleunds or metals analyses are collected. 

4.9.3.3.2 Using Pumps to Purge \lhen suction lift or centrifugal 
are used, only the intake line is placed into the water colurn. To minimize 
contamination, the line placed into the water is either standard cleaned (see 
Appendix 8) Teflone, in the case of the suction lift pumps, 
stainless steel pipe attached to a hose, when centrifugal 

Yhen submersible 
~ itself is lowered 

JlUIF-> 
into 

(bladder, 
the water 

turbine, 
col urn. 

displacement, 
The ~ 

spec! fled in Appendix B. 

4.9.3.3.3 Using Bailers 
top Teflone bailers with Teflone 
of the water col urn, allowed 
discarded. 

to Purge 
leaders 

to fill, 

•• Standard cleaned 
and new nylon rope 

and removed and 

or standard cleaned 
JlUIF-> are used. 

etc.) 
must 

are used, 
be cleaned 

the 
as 

(Appendix 
are lowered 

then the 

8) closed· 
into top 

water is 

4.9.3.3.4 Field Carl! of Purging Eaui~nt .. Regardless of which method 
is used for purging, new plastic sheeting shall be placed on the grcxnt surface 
around the well casing to prevent contamination of the p.~~F->, hoses, ropes, etc., 
in the event they need to be placed on the grcxnt during the purging or they 
accidentally come into contact with the grcxnf surface. It is preferable that 
hoses used in purging that come into contact with the grcxnf water be kept on a 
spool, both during transporting and during field use, to further minimize 
contamination fram the transporting vehicle or grcxnf surface. 

4.9.3.3;5 Purging Entire Yater Colurn The ~/hose assembly or bailer 
used in purging should be lowered . into the top of the standing water colurn and 
not deep into the colUII\. _ This is done so that the purging will ••pull" water 
fram the formation into the screened area of the well and up through the casing 
so that tlie entire static volune can be removed. If the ~ is placed deep into 
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the water abOve the pull) may not be removed, and the subsequent 
may not be representative of the ground water. 

To minimize cross contamination between 
feet of hose should be lowered into the water 
the well is faster than the pull) rate, the 
initial level until an adequate volume has been 

wells, 
column. 

no more than three 
If · the recovery 

pull) may be. left hanging 
j,urged. If the pull) rate 

to five 
rate of 
at the 

exceeds 

the . recovery rate of the well, the pull) will have . to be lowered, as needed, to 

accorrrnodate the drawdown. 

After 
the pull) 

the pull) 

shall 
is removed 

be cleaned 
from the 

as outlined 
well , all wetted portions of the hose 

and in Appendix B. 

Careful consideration shall 
with 

be given to using pumps to purge wells which 

are excessively contaminated 
adequately decontaminate severely 

oily compounds, 
contaminated 

because it may be difficult 
pumps under field conditions. 

\/hen these type wells are encountered, alternative purging methods, such 
bailers, should be considered. 

4.9.3.4 Purging· Techniques • \/ells \lith In Place Plurbing 

4.9.3.4.1 General •• In-place 
industrial water supply wells, private 
is the same as with monitoring wells 
collect a sample representative of 

plurbing is found 
residences, 

without in 
the ground 

etc. 
place 

water. 

at water treatment plants, 
The ·objective of purging 

pumps, i~e., to .ultimately 

to 

as 

The volume to be purged depends on several factors: whether the pu!l)S are 
running continuously or intermittently; 
be collected; and the presence of any 
point and the pump. If storage/pressure 

how close to the 
storage/pressure tanks 

tanks are present, 

source the sample can 
between the sampling 

volume 
must be purged to totally exchange the volume of water in 

an adequate· 
the tank. 

4.9.3.4.2 Continuously Running P!.!!pS -- If the pull) runs continuously, and. 
sample can be collected prior to a storage/pressure tank, no purge, other the 

than opening a valve and allowing It to flush for a few . minutes, is necessary. 

4.9.5.4.3 
it is necessary 
tanks that are 
run cent i nuous l y 

Intermittently Running P!.!!pS -- If the purp runs intermittently, 

4.9.4 

eludes 

caters, 

to determine the volume to be purged, including storage/pressure 
located prior to the sampling location. The . purp should then be 

until the required volume has been purged. 

Sarrpl ing Eauiprn!!nt and Techniques 

4. 9.4. 1 ::.E .. au::.i:.opmen=.:.:.:.t _...-lA~v~a:.:i.:.l;:::;ab::.l=e 
. closed-top Teflone bailers 

Other monitoring equipment. 
pH meters, thermometers, 

4.9.4.2 Sarrpllng Techniques 

Sampling equipment used by the 
and the peristaltic purp/vacuum jug 

used during sampling includes water 
Sections and conductivity bridges (see 

lolells \lith In Place Plurbing 

Branch In· 
assembly. 

level indi· 
6 and 7). 

should be. collected following purging from a valve or cold water tap 
Samples 

as near to 



the well as possible. S~les should be collected directly 
containers (see Standard S~le Containers, Appendix A). 
Potable \Jater Supply discussion in Section 4.10. 
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0 

into the appropriate 
Also, refer to· the · 

4.9.4.3 Sanpling Techniaues \Jells \Jithout Pluming -- Following . purg· 
ing, sal!1lles should be. collected . using a peristaltic ~/vacuun jug procedure, 
if possible, or with a closed top Teflonlt bailer. - ·The ~ used for purging 
generally should not be used for s~l ing. \Jhen the peristaltic ~ is used, 
sal!1lles for purgeable organic compounds analyses should be collected using a 
bailer or by allowing the Teflone tube to fill and then allowing the water to 
drain into the s~le vials. All equipment shall be cleaned using the procedures 
described in Appendix B. Also, refer to the Potable \Jater Supply discussion, 
Section 4.10, for additional information. 

\Jhen 
each well 
the bailer 

bail fng, new plastic sheeting 
to provide a clean working area. 

via a Teflonlt coated stainless 

should be placed 
The nylon rope 

steel wire. 
attached 
bailer 

to the bailer 
is cleaned. 

semi·permanently and is decontaminated 

4.9.5 Special Sanple Collection ·Procedures 

on the 
should 

ground around 
be attached to· 

This coated wire is 
for reuse as the 

4.9.5.1 Trace Organic Conpounds and Metals Special s~le handling 
procedures shall be instituted when trace contaminant s~les are being col-
lected. All s~l ing equipment, including ~. bailers, water level 
measurement equipment, etc., which come into contact with the water in the well 
nust be cleaned in accordance with the cleaning procedures described in Appendix 
B. PUII1lS shall not be used for Slll!1ll ing, unless the interior and exterior 
portions of the · ~ and discharge hoses can be thoroughly cleaned. Blanks 

. should be collected to determine the adequacy of cleaning prior to collection of 
any sal!1lle using a ~- · Peristaltic ~ using Teflonlt tubing and a Teflone 
insert can be used to collect s~les without the Slll!1lle coming into contact with 
the ~- This is accOII'pl ished by placing the Teflonlt insert into the opening 
of a standard cleaned 4-liter glass container.. The, Teflonlt tubing connects the 
container to the · ~ and s~le source. The ~ creates a vacuun in the 
container, thereby drawing the Slll!1lle into the container without coming into 
contact with the ~ tubing. S8111lles for pUrgeable organic . compounds analyses 
shall be collected with well bailers. The procedures given in the General 
Considerations, Special Precautions for Trace Contaminant Sampling (Section 
4.2.9> shall be followed. 

4.9.5.2 Filtering As a standard Branch policy, grCMftt·water samples 
will not be filtered. However, if samples are filtered, then both filtered and 
non-filtered s~les will be submitted for analyses. ·Proper well installation 
and development (Appendix E) as · well as proper well purging techniques should be 
utilized to minimize the turbidity of samples. If filtered samples for metals 
analyses nust be collected, an additional unfiltered sample will also be 
collected for metals analyses. Samples for organic compounds analyses shall not 
be filtered. 

I 
I 

I 
I 
I 
I 
'I 
I 
I 
·I 
I 
I 

I 
I 
I 
I 



I 

I 
I 
I 
I 
I 
·I 
I 
I 
I 
I 
I· 
I 
I 
I 
I 
I 
I 

Section 4.9 
Revision No. 0 

Date: 2/1/91 
Page 6 of 7 

4.9.5.3- Bacterial Sarrpl ing Whenever 
care 

wells (normally. potable wells) . are 

sa~led for bacteriological parameters, 
and all 

rrust be taken · to ensure the steri l-

ity of all sa~l ing equipment other equipment entering the · well. ' Further 
information regarding bacteriological .sa~ling is available in Sarrpl i ng for 
Organic Chemicals and Microorganisms in the Subsurface _(19) as well as References 
4 and 5. Additional information on bacterial s~l ing is also included in 
Section 4.10 (Potable Water Supplies), Section 4. 7 (Wastewater Sa~ling), and 
Section 4.8 (Surface Water S~l ing). . 

4.9.6 Specific Sarrpling Equipment Quality Assurance Techniques 

All equipment used to collect ground-water s~les shall be cleaned as out
the con· · 

(Appendix . 

lined. 
elusion 
B), or 

in Appendix B · and · repaired, if necessary, before being stored at 
of field studies. Cleaning procedures conducted in the field 

field repairs shall be thoroughly documented in field records. 

4.9.7 Auxiliary 

Uater table 
National Geodetic 
tions in temporary 
ground·water flow 
water levels are 
detection methods 
Also, a study of 
indicate direction 

Data Collection 

measurements from the top of the well casings 
Vertical Datum) in permanent wells, and ground 

wells should be made to determine the general 
and gradient. The methodology to be· used to 

given· in Section 7. Tracer dyes and radioactive 
can be used to determine direction and velocities 
the general topography and drainage Patterns 

of ground·water flow. 

(referenced to 
surface eleva-

direction of 
determine well 

and thermal 
of flow (14). 

will generally 

Uater 
stabilized, 

table. measurements shall_ not be taken lrltfl the water table has 
preferably 24 hours 

The ground surface elevation 
engineering survey practices 

after 
at the 

well· installation 
wells should 

as outlined in Section 

for permanent 
be . determined 
7. 

wells (20). 
by standard 

In addition to water level measurements, the pumping rate used to purge a 
of water in wells, and drillers• logs are ex~les of auxiliary well, 

data 
the 

that 
volume 

should 
should 

be collected during ground-water s~ling activities. This 
information be documented In field records. Methodology for obtaining 
these data are given In the following sections. 

Temperature, 
is sa~led. 

specific conductance, and pH shall be measured each time a 
well Stabilization of these parameters is measured during the 
purging process to evaluate the adequacy of the purging procedure. Jn this 
situation, the final measurements for these parameters prior to s~l ing . shall 
be considered the measurement of record for the well. If these parameters were 
not evaluated during purging, they shall be obtained prior to s~l ing. 
Methodology for obtaining these data are given In Section 6. 

4.9. 7.1 Uell Purping Rate - Bucket/Stop 
of a pump can be determined by collecting the 
bucket of known volume and timing how long it 
pumping · rate should be in gallons per minute. 
with pumps with a constant pump rate, such 

Uateh 
flow 

takes 
This 

Method 
of water 

to fill 
method 

The pumping rate 
from the pump ·in a 

the bucket. The 
shall be used only 

liS gasoline powered or electric 



submersible pumps. It should not be used 

batteries lose their charge, the ~ rate 
lations using initial, high ~ rates are 

4.9.7.2 Volune of \later in \/ells 

of water. in the well should be known. To 
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with battery powered pumps. 
decreases so that ~ing rate 

erroneously high. 

In order to purge wells, the 

0 

As the 
calcu-

volune 

determine the volune, the following 

method should be used; measure the distance from the bottom of ·the well to the 

static 
Obtain 

state, 
well 

water level, then measure the inside diameter of the well or 

the volune of the well by the forl!llla: 

v = 0.041 ~h 

\lhere h = depth of water in feet 
d = diameter of well in inches 

v = volune of water fn gallons 

If preferred, a quick reference nomograph or table may be used. 

Additional ground-water related data can be obtained from most 
and federal agencies dealing with water resources. Some states 

drillers to be /licensed, · and all work performed on wells llliSt be 

casing. 

local, 
require 

reported 
to the state on prescribed forms. These forms are available to the public, so 
a study of wells installed in the area of interest may provide background infor· 
mation as to the subsurface conditions. State geological surveys, as well as the 
USGS, have various types of water related papers and reports' on all phases of 
ground-water studies in each state. City and COU"'ty goverrrnents usually have 
departments that deal with water related projects that may provide data for the 
local area. Federal agencies such as the scs, U. s. Army Corps of Engineers, the 
Bureau of Reclamation, u. s. Forest Service, Science and Education Aaninistra· 
tion, and the U. S. Public . Health Service have water progriiiiiS which may provide 
data. Other sources include the Bureau of Mines, colleges, ll'liversities, and 
technical societies such as American Association of Petroleum Geologists, 
American Institute of Mining and Metallurgical Engineers, American \iater \lell 
Association, Association of Engineering Geologists, and Geological Society of 
America (14, 21). 
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4.10 SAMPLING OF POTABLE UATER SUPPLIES 

4.10.1 

IJhen Sllq)l ing potable water SuPPlie~, utmost care must be taken to insure 

that samples are representative of the water supply being sanpled." This is im· 

portant not only and public health perspective, but also from 

a pUblic relations 
from a technical 

standpoint. Poor Sllq)l fng techniques may result in incorrect 

results 
sample 
results 

(either not detecting 
and falsely indicating 

are disclosed to the 

a corrpou-d which is present or by contaminating · the 
a C0111J0und which Is not present). If incorrect 

public, it may . be iqlessible to change public opin· 

ion when correct results are reported. 

4.10.2 Sanpl ing Site Selection/Sampling Techniques 

Even though the same . care and techniques· used in wastewater, · ground-water, 
etc. 1 sampling C including thorough . docunentation of location, date, time, etc.> 
are used by Branch personnel in potable water supply sampling, there are certain 
additional special procedures · which shall be used. 

IJhen water samples are collected from wells, either by mechanical or hand 
~ing, the · wells must be purged before the sample is collected (see Section 4.9 
for ground-water sampling methods). This procedure insures that water 
representative of the formation is sanpled, not the standing water in the well 
casing, pipes, or holding tank. As a rule of thurb, · at least one volune of water 
in the well casing and storage tank should be evacuated (a 15·minute period is 
usually sufficient for residential wells). . After purging for about 15 minutes, 
the pH, conductivity, and ten-perature should be measured Wltil constant values 
are obtained. This procedure insures that any contaminants that might have 
entered the area of the tap from external sources· have been removed (19). 

Potable water SM"ples shall be representative of the water qual.ity within 
a given segment of the distribution network. Taps selected for sanple collection 
should be suppl led · with water from a service pipe connected directly to a water· 
main in the segment of Interest and should not be separated· from the segment of 
interest by a storage tank. The SM"pl ing tap must be protected from ." ·exterior 
contamination associated with being too close to the sink bottom or to the 
ground. Contaminated water or soil from the faucet exterior may enter the bottle 
during the collecting - procedure since it is difficult to place a bottle under a 
low tap without grazing the neck interior against the outside faucet surface. 
Leaking taps that allow water to flow out from around the stem of the valve 
handle and down the outside of the faucet, or taps in which water tends to rWl 
up on the outside of the lip, are to be avoided as SM"pling locations. A~rator 1 

strainer, and hose attachments on the tap must be removed. before saq)l lng. These 
devices can harbor a bacterial population if they are not cleaned routinely or 
replaced when worn· or cracked. Uhenever a steady stream of water cannot be 
obtained from taps, after. such devices are removed, a more suitable tap shall be 
sought. Taps where the water flow is not steady should be avoided because 
t~rary fluctuation in line pressure may cause sheets of microbial growth that 
are lodged in some pipe section or faucet connection to break loose. . The cold 
water tap should be opened for two or three minutes or for sufficient ·time to 
permit clearing the service line; a smooth·flowing water stream at moderate 



pressure without 
flow which could 
collected (19). 

splashing 
dislodge 

should 
some 

be obtained. 
particles in 
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Then, without changing the water 
the faucet. the s~les can be 

Occasionally, . s~les are collected to determine . the contribution of 
transmission pipes, water coolers. water heaters, etc., to the quality of water 
in private residences, offices. etc. The purpose of these investigations may be 
to determine if metals, e.g., lead, are being dissolved into the water supply. 
In these cases. It may be necessary to insure that the water source has not been 
used for a specific time interval. e.g., over a weekend or a three· or four-day 
holiday period. S~le collection may consist of collecting a Sllq)le of the 
initial flush. collecting a sa""le after several minutes, and collecting another 
sa""le after the system being Investigated has been COII1lletely purged. 

Regardless of the type of s~le bottle being used, the bottle cap should 
not be placed on the ground . or In a pocket. Instead, hold the bottle ·· in one hand 
and the cap in the other; using care not to touch the Inside of the cap. 
Exercise care not to lose . the Teflone liner in certain bottle caps. Avoid 
contaminating the sa""le bottle with fingers or permitting the faucet to touch 
the inside of the bottle. When s~ling for bacterial content, the bottle should 
not be rinsed before use. This may not only contaminate the bottle but also 
remove the thlosul fate dechlorinating agent (if used). When filling any 
container, care should be taken so splashing drops of water from the ground or 
sink do not . enter Into either the bottle or cap. In order to avoid dislodging 
particles In the pipe or valve, do not adjust the stream flow while s~l ing. 

When s~ling 

the raw water 
.at a water 
supply and 

treatment plant, Sllq)les should be collected both 
from after chlorination. 

Triplicate Sllq)les will always 
analyses 
collected 
conventional 
Precautions 

and duplicate Sllq)les for 
for extractable organic 

parameter analyses. 
for Trace Contamination 

be collected 
bacterial 

c0111lounds. 

for purgeable organic 
analyses. Single Sllq)les 

c0111l0Unds 
may be 

metals. phenol. cyanide, and 
given in Section 4.2.11 (Special 

and in Section 4.7.6.4 (Purgeable 
Organic 
supplies 

C0111l0Unds Sllq)le · Collection) 

The procedures 
Sllq)l ing) 
shall always be followed when potable water 

are s~led. 

Branch personnel shall always obtain the name(s) of the resident or water 
supply owner/operator and the resldent 1s exact mall ing address, as well · as the 
resident•s home and work telephone nuri:lers. The Information Is required so that 
the residents or water supply owner/operators can be informed of the results of 
the s~l ing program. 

4.10.3 Sai!J)llng Eauipment/Seeeific · SIII!J)ling Eauipment Quality Assurance 
Techniques 

S~l ing equipment and specific equipment quality assurance techniques are 
contained In Section 4.8 (Surf~ce Water Sllq)ling) and Section 4.9 (Groundwater 
S~llng). 
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4.11 SOIL SAMPLING 

4.11.1 

Soil Saqlling at hazardous waste sites will typically be approached in a 
totally different manner than Saqlling of other media. Saqlling locations and 
rationale for other media are usually easily defined. For exaqlle, ground water 
saqlles may be collected at existing . monitoring wells: surface water and · sediment 
saqlles are usually . collected from well defined surface drainage patterns. at 
easily rationalized locations with respect to the suspected problem: and waste 
sources, such as drlJIIS, tanks, ·and piles, are easily identified Saqll ing targets. 
Occasionally, surface soils may be stained or show evidence of vegetative stress, 
indicating . that a contaminant may be present, but in many cases there may not be 

any direct evidence to suggest that a particular location is a candidate for soil 
saqll ing. The Saqller may, in fact, be faced with investigating a virtually 
invisible contaminant distribution pattern, both in the surficial material, as 
well as in the subsurface region. 

4.11.2 Sanpl ing Location/Site Selection 

Areas selected for soil Saqll ing shall be strategically located in order 
to collect a , representative fraction of the soils with the mininun nUTber of 
samples. Although. it is not always feasible to conduct a site reconnaissance 
prior to an investigation, a site reconnaissance can eliminate many uncertainties 
with respect to site characteristics and result in more cOqllete and successful 
soil saqll ing studies. A surface inspection of the subject area should be made 
to locate pertinent features (e.g., rock outcrops, drainage patterns, surface 
runoff, ponds, lakes, wet areas, seeps, springs, permanent structures, fill 
areas, erosional areas, depositional areas, etc.) and to evaluate the 

·relationship between .these features and potential sources of pollution. A 

knowledge of these relationships end conditions, particularly soil conditions 
(type and thickness of soil overburden) end water table conditions are extremely 
important in developing s~~~~pl ing plans. 

In addition .. to what is normally considered soil, i.e., in situ weathered 
correctly rock overburden, sol l s~~~~ples may also consist of whet is more 

considered sediment, which ·has been de'j:losited by both overland sheet 
well as flow i~ normally dry wet-weather swales. The location 
saqll ing locations in these types. of depositional areas is a useful 
tool,, providing an indication of the presence of contaminants from 
area contributing the sediment. 

runoff, ·as 
of sediment 

screening 
the larger 

Initial investigations at most sites will consist of "screening-type" 
studies. Saqlling for these investigations will generally be confined to a small 
ni.JiiJer of surface or shallow subsurface s~~~~ples. Typically, s~~~~ples would be 
collected from depositional areas within end around the periphery of the site, 
as well as from obviously contaminated areas. Based on the results of the 
initial site·screening studies, more· detailed studies, involving considerably 
more saqlles . and with a greater •as is on subsurface s~~~~pl ing, are usually 
required to fully characterize soil contamination at a site. 
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Study plans o~ wo~k plans fo~ soil s~l ing investigations IIIJSt be 

carefully 
requires 
as the 

conceived with respect to the study objectives. This, in turn, 

a careful consideration of the types of safl1)les to be collected, as well 
safl1)l ing methods to be efll)loyed. These areas are discussed below. 

4.11.3 Basic Considerations for Soil . Sarrpl ing 

Three basic considerations, with ·respect to SBJI1)le type, should be 
evaluated when developing a soil safl1)l ing plan and establishing investigation 
objectives. Should the SBJI1)les be random, biased, or grid· based? "ill they be 
COllected from the SUrface or subsurface? "ill B particular SBJI1)le be a grab 
safl1)le or a c~site safl1)le? Uhen all of these . questions are answered, it will 
be found that many investigations· will involve the collection of most 
combinations of the above types of safl1)les. A discussion of these considerations 
is found in the following sections. 

Random, Biased and G~id·Based Sanpl ing 4.11.3.1 
·is a strong 
depositional 
collected . 

indication of contamination, such as staining, 
Generally, 

or there 
s&fl1)les, 

fo~ 

areas 
small 

site investigations, 
suspected area of 
i.e., locations 
judgement. 

which provide excellent screening 
investigations with limited a~eal extent, such 

lllJst be ~andomly selected from several areas 
contamination.· Random in this sense is synonymous 
are often subjectively selected based purely 

unless there 
are distinct 

sol l safl1)les 
as screening 

_within the 
with casual, 
on personal 

If any areas show evidence of contam_ination, such as staining or vegetative 
stress, biased samples should be collected from each of the areas to characterize 
the contamination present in each area. If surface drainage patterns such as dry 
washes or swales are discernable, sol l/sediment samples may be collected from the 
deposits in these features ·to cha~acterize · the immediate areas. Backg~ound and 
control safl1)les are also· biased, since they are collected in locations dictated 
by expected clean . conditions or by anticipated ifl1)8ct from adjacent off-site 
areas. 

\lhen soil sampling investigations involve large areas, measured in acres 
for ex~le, a systematic approach must be taken, not necessarily to the 
exclusion of other approaches, to characterize the presence and distribution of 
contaminants. In these situation~, a grid·based soil Sflq)ling. program is 
efll)loyed.. The~e is no sinsle grid size · that is app~oe~iate for all sites; 
however, in most cases, the smaller the site, the smaller the grid size. Common 
grid sizes are developed on SO·foot and 100-foot centers, although other sizes 
may_ be appropriate in given situations. It may be appropriate and acceptat:le to 
integrate · several different grid sizes in a single investigation. 

\lhen the site Is extremely large, over several acres for exflq)le,· it may 
be impossible to consider Bflq)l ing every grid and it will be necessary to statis· 
tically select a slb·set of the total I'IU!ber of grids in order to reduce the 
n1.61ber of samples collected for the study. On the other hand, it may sometimes 
be appropriate to Sflq)le every grid and use relatively inexpensive and quick 
screening-level analytical techniques to define the a~eas which must be sampled 
and analyzed for a higher level of data quality. Because the screening level 
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analysis 
conducted 

is relatively quick, the · second phase s~l ing can sometimes be 

during the same investigation. In all cases, however, the grid centers 

should be located using a site survey and semi-permanently. marked to facilitate 
relocating the Slll!l)le locations for subsequent slll!l)l ing. 

Surface and/or Subsurface Soil Sarroles In most initial 
particularly ·site screening-type studies, surface soil samples 

4.11.3.2 
investigations, 
may celq)rise ·the great majority of soil Slll!l)les collected. These ere collected 
to look for 
materials. 

the possible presence end distribution of contaminants in surficial 
Subsurface soil Slll!l)l ing may be limited during initial 

investigations, but it may celq)rise the major portion of the soil sampling effort 
during subsequent phases of the investigation where the vertical extent of 
contamination 
objective. 

in identified areas of surface contamination is the major 

4.11.3.3 Grab versus Conposite Sall!?les llhen a Slll!l)le is needed to 
identify and quantify COIJl)Ounds at a specific location or .interval, a grab sall!?le 
is collected. Grab Slll!l)les are limited in areal extent (for surface samples) or 
vertical extent (for subsurface samples). The sample should be celq)rised of no 
more than the mini nun amount of soil necessary to make up the volume of sample 
dictated by the . r~ired · sample containers. Corroosite sanples are a mixture of 
a given n~r of .. subslll!l)les and are collected to characterize the average compo-
sition of a given surface area or vertical interval. Areal corroosites are 
comprised of subsamples collected from the surface within the selected area. The 
n~r of subsamples forming a COIJl)Osite should remain consistent within the 
context of the study, i.e., a n~r and pattern for collection of subsamples 
within a grid should be selected and, for a given grid size, should not be 
changed. Likewise, if one of the objectives of the study is to determine if any 
contamination is present within a particular vertical interval, a vertical 
composite sample, Celq)rised of _vertically discrete Slll!l)les collected over the 
selected interval may be collected. As with the areal composites, the ~r of 
subsamples is dependent on the objectives of the study. .llith the low analytical 
detection limits available today, COIJl)Ositing can usually be used to determine 
the presence or absence of compounds in the area or interval s~led. 

_ There are two potential problems associated with compositing for which the 
sampler must be aware. Even though modern analytical detection limits allow for 
qualitative screening in many cases using compositing techniques, the risk still 
remains that low concentrations, present , in individual · composite al iquots, may 
be diluted to the extent that the total composite concentration is below the 
minirrun quantification . l imlt. Also, ff the subs~les are predominantly moist 
and clayey, it will be very difficult to produce a homogenous mixture. The 
resulting sample, as represented by the portion selected by the analytical 
chemist, may not be representative, either qualitatively or quantitatively, of 
an average of ell of the subsemples. 

4.11.4 Sall!?ling Methodology 

This discussion of soil sampling 
used (required/needed) to collect the 
handled ilncl processed after . retrieval. 

methodology 
sample, 
Selection 

reflects 
as well as 

of equipment 

both the equipnent 
how the sample is 

is usually based 
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on the depth of sarrples, but it is also controlled, to a certain extent, by the 

characteristics of the material. Sirrple, manual techniques and equipment, such 
as hand augers, are usually selected for surface or shallow, subsurface soil 
sarrpl ing. As the depth of the SBIJl)l ing . interval becomes greater, some type of 
Powered 
resistance 
lection 
shallow 
described 
Section 
cocrpounds 

equipment is usually needed to overcome torque induced by soil sarrpl ing 
and depth. The following is an overview of the various s~~~Tple col· 

methods 
subsurface, 

may be 
4.2.10 

analyses. 

errployed over three general depth classifications: surface, 
and deep subsurface.. Any of the · ·deep · collection methods 

used to collect s~~~Tples from the shallower intervals. See 
for special SBIJl)l ing considerations for purgeable organic 

4.11.4.1 ~M~anu~a~l .... ~C~Ha~nd~ .... ~Ooe~r~a~t~ed~>~ .... ~C~o~l~le~c~t~i~on~ .... ~Te~c~h~n~igue~~s~ .... ~a~nd=-~E~qu~l~·pme~~nt 
These 
sarrples. 
surface 

methods are used primarily to collect surface and shallow subsurface soil 
Surface soils are generally classified as soils .between the grou-d 

and 6 to 12 inches below grou-d surface. . The shallow subsurface 
may be considered 
a site-specific 
powered, methods 

to extend from approximately 12 inches below grotnf 
depth at which SBIJl)le collection using ·manual, 
becomes irrpractical. 

interval 
surface to 

i.e., hand· 

4.11.4.2 Surface Soils Surface soils may be . collected with a wide 
variety 
diggers, 
sarrples. 
may also 

of equipment. Spoons, shovels, · hand·augers, push tubes, and post-hole 
made of the appropriate material, may be used to collect surface soil 

As discussed in the section on powered equipment, surface soil SBIJl)les 
be collected in conjln:tion with the use of heavy equipment. 

Surface SBIJl)les are removed from the 
mixing, as appropriate (Section 4.2.10), 
containers. Section 4.11.5 contains specific 
purgeable organic compounds analyses. 

ground and 
occurs .. prior 

procedures 
If a thick, 

encountered at the surface, it should be removed before 

placed in 
to filling 

for handling 

pans, where 
of SIIIJl)le 

SIIITples ·for 
matted 

the SIIITple 
root zone is 
is collected. 

4.11.4.3 Subsurface Sofls Hand·augering is the most conmon manual 
method used to collect slbsurface · s~~~Tples. Typically, 4-inch auger-buckets with 
cutting heads -are pushed and twisted into the ground and removed as the buckets 
are filled. The auger holes are advanced one bucket at a time. The practical 
depth of investigation using a hand-auger is related to the material being 
sarrpled. In sands, augering is usually easily accorrpl ished, but the depth of 
investigation is controlled by the depth at which sands begin to cave. At this 
point, auger holes usually begin to ·collapse and camot practically be advanced 
to lower depths, and further sanples, if required, IIIJSt be collected using some 
type of pushed or driven device. Hand·augering may also become difficvlt in 
tight clays or cemented sands. At depths approaching 20 feet, torquing of hand· 
auger extensions becomes so severe that in resistant materials, powered methods 
nust be used if deeper sanples are required. Some powered methods, discussed 
later, are not acceptable for actual sanple collection, but are used solely to 
gain easier access to the requ{red s~~~Tple depth, where hand-augers or push tubes 
are generally used to collect the s~~~Tple. 

When a vertical SIIITpli ng interval has been established, one auger-bucket 
is used to advance the auger hole to· the first desired sanpling depth. If the 
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sarrple at this location is to be a vertical carposite of all intervals, the same 

bucket may be used to advance the hole, as. well collect. subsequent sarrples in the 

same hole. However, if discrete grab sarrples are to be collected to characterize 
each depth, a new bucket 111.1st be place;ct on the end of the auger extension 

immediately prior to collecting the next sarrple. The top . several inches of sci l 
should be removed fran the bucket to minimize the chances of cross-contamination 

of the sarrple fran fall·in of material fran the upper portions of the hole. 
Section 4.11.5 contains ·additional sarrple handling procedures. 

Another hand·operated piece of soil sarrpl ing equipment carmonly used to collect 
shallow subsurface soil sarrples is the Shelby or "push tube". This is sirrply a 
thin·walled tube, generally of stainless steel construction ar1d having a beveled 
leading edge, which is twisted and pushed directly into the soil. · This type of 
sarrpl ing device is particularly useful if a relatively undisturbed . sarrple is 
required. The sarrpl ing device is removed fran the push·head, then the sarrple is 
extruded fran the tube into the pan with a spoon or special extruder. Even 
though the push·head is equipped with a check valve to help retain sarrples, the 
Shelby tube will generally not retain .loose and watery soils, particularly if 
collected at lower depths. 

4.11.4.3.1 Powered Sampling Devices Powered sarrpling devices and 
sarrpl ing aids may be used to acquire sarrples fran any depth but they are 
generally limited to depths of 20 feet or less. Among the common types . of 
powered equipment used to collect or aid in the collection of subsurface soil 
sarrples , are Little Beavere·type two·man power augers; split·spoon sarrplers driven 
with a drill rig drive-weight assembly or hydraulically pushed using drill rig 
hydraulics; continuous split-spoon samplers; specialized hydraulic cone 
penetrometer rigs; and back-hoes. The use of each of these is described below. 

4.11.4.3.2 Power -Augers Two·man power augers 
of 

of the Little Beavere 
variety, are carmonly used to aid in the collection subsurface soil samples 
at depths where hand augering is impractical. type of equipment is 
technically a sampling aid and not a sampling 

range · for this equipment. 

This 
and 

used 
device, 
It is 

a hand 

20 to 25 feet is the 
typical lower .depth 
the required sarrpl i ng depth, at which point 
collect the sample. 

4.11.4.3.3 =:;D:..r1:.:"l.:l __ R::.1:.:"9Li!S Drill rigs offer the 
soil samples fran greater depths. For all practical 
investigation achievable by this method is controlled 
overlying bedrock, which may be in excess of 100 feet. 

to advance a hole to 
auger is usually used to 

capability 
purposes, 

only by the 

of collecting 
the depth of 

depth of soil 

When used In conj~.netlon with drilling, spllt·spoon samplers are usually 
driven 
drilling 
pound 

either inside a hollow-stem auger or Inside an open borehole after rotary 
equipment has been temporarily removed. The spoon is driven with a 140· 

harrrner through a distance of up to 24 inches and removed. If geotechnical 
data are also required, the .,urber of blows with the hamner for each six·inch 
interval is also recorded. 

Continuous 
continuous sarrples 

split· spoon 
approximately 

samplers may be used to obtain flve·foot long, 
3 to 5 inches in diameter. These devices are 
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located inside a five-foot section of hollow-stem auger and advanced with the 

auger during drilling. As . the auger advances, the central core of soil moves 
into the sa~ler and is retained until retrieval. 

4.11.4.3.4 Cone Penetrometer Rigs -- A recent imovation is now available, 
which involves the modification of a standard split-spoon. The . spoon has been 
modified with a releasable tip which keeps the spoon closed during the s~ling 

push. Upon arrival at the desired depth, the tip can . be remotely released and 
the push continued. During the subsequent push, the released tip floats freely 
up the inside of the spoon as the soil core displaces it. Split-spoon soil 
sa~les, , therefore, can be collected without drilling, as has historically been 
required, by si~ly pushing the device to the desired depth. This technique is 
particularly beneficial at highly contaminated sites, because cuttings are not 
produced as with drill rigs. The push rods are generally retrieved with very 
little residue. This results in minimal exposure to s~ling personnel and very 
little contaminated residue is produced as a result of equipment cleaning. 

4.11.4.3.5 Baclc·Hoes •• Back·hoes are often utilized in shallow subsurface 
soil 
hoe 

sarrpling programs. S~les may either be collected directly from the back· 
bucket or they may be collected from the trench wall if proper safety 

are followed. Trenches offer the ability to collect s~les from very 
intervals and allow visual correlation ·· with vertically and horizontally 
material. Prior to collecting · s~les from trench walls, the wall 

protocols 
specific 
adjacent 
surface must be dressed with a stainless steel shovel, spatula, knife, or spoon 
to remove 
the bucket 

the surface layer of soil which was smeared across the trench · wall as 
passed. If back-hoe buckets are not cleaned according · to the 

procedures described in Section B.8.3 of this manual, samples must be collected 
from .material which has not been in contact with the bucket surface. 

4.11.5 Special Techniaues and Considerations 

4.11.5.1 Collection of Soil Sanples for Purgeable Organic CO!!pOU!'!d CVOA> 

Analyses These samples should be collected in a manner that minimizes 
disturbance of the sample. For example, when sampling with a hand auger, the VOA 
sa~le may be collected directly from the auger bucket or inmediately after an 
auger bucket is ~tied into the pan. The sample should be placed in the appro· 
priate container with no head-space, if possible, as is the practice with water 
sarrples. Samples for VOA analysis are not mixed (Section 4.2.10). 

4.11.5.2 Dressing Soil Surfaces Arry time a vertical or near vertical 
!!_Urface, 
sa~l ing, 

such as is achieved when shovels or back-hoes are used for subsurface 
is sampled, the surface should be dressed to remove smeared soil. This 

is necessary to minimize the effects of cross-contamination ciJe to smearing of 
material from other levels. 

4 • 11 • 5 .3 ""S!!!!p::::z:.._l e"-.....,M'""i.,x i,.,no,.. •• It is extremely important that soil samples be 
mixed as thoroughly as possibl~ to ensure that the sample is representative of 
the interval sampled. Soil samples should be mixed as specified in Section 

4.2.10. 
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4.11.5.4 ~s~pe~c~i~a~l--~P~r~e~c~au~t~i~o~n~s ____ ~fo~r ___ T~r~a~c~e ___ c~o~n~t~a~m~in~a~n~t~--~S~o~i~l--~S~a~mp~l-i~n-g - The 
procedures 
equipment 
stainless 

outlined in Section 4.2.9 shall be ·followed. All soil s~l ing 
used 
steel 

for 
where 

s~lfng for trace contaminants should be constructed of 

or equivalent, glass. 
or coated equipment be 
or plastic equipment 

possible. Pans used ·for mixing shall be made of Pyrex•, 
In no case 

used for soil 
shall be used. 

will 'chromium, cadmium, or· galvanized plated 
s~l ing operations. Similarly, no painted 

All paint and primer IIIJSt be· removed from 
soil sampling equipment by sandblasting or other means before ·such equipment can 
be used for collecting soil samples. 

4.11.5.5 Specific Sampl i!!9 Eauicrnent Qual itJr:: Assurance Technigyes 
Drilling rigs and other major equipment used ·to collect soil s~les shall be 
identified so that this equipment can be traced through field records. A log 
book shall be established for this equipment so that all cleaning, maintenance 
and repair .procedures can be traced to the person performing these procedures and 
to the specific repairs made. Sampling spoons, hand augers, Shelby tubes, and 
other minor disposable type equipment are exempted from this equipment. 
identification .requirement. 

• All equipment · used to collect soil samples shall be cleaned as 
outlined in Appendix B and repaired, if necessary, before being 
stored at the conclusion of field studies. 

• Any cleaning conducted in the field (Appendix 8) or field repairs 
should be thoroughly documented in field records. 

4.11.5.6 Auxfl iary Data Collection - In addition to information pertaining 
to an area or specific site/location. that may be available in EPA files from 
previous investigations (i.e., site screenings, water quality, well monitoring 
studies, etc.), information and data may be obtained from various city, county,· 
state, and other federal agencies. 

Samples should be accurately tagged and labeled with all pertinent site 
information at the time of sampling. see Section 3 for sample labeling and ·field 
recording procedures, The latitude and longitude shall be obtained for each site 
for future STORET data entry. 
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4.12 \.IASTE SAMPLING 

4.12.1 General 

\.laste s~llng as discussed in . this section includes the collection · of 
sludge sarrples from ~~~.nicipal and .. industrial wastewater treatment facilities; 
sarrples of liquid waste and . sludge from pits, ponds, and lagoons; . waste s~les 

from open or closed containers such as druns, tank trucks, and storage tanks: and 
sarrples of waste piles and landfills. 

Generally, the collection of sludge s~les from IIU'Iicipal and industrial 
wastewater treatment pla.nts is a low risk operation. However, the collection of 
l !quid waste and sludge SBII'ples from open containers and l !quid waste from pits, 
ponds, or lagoons and solid waste from waste piles may involve s~ling 

operations that are inherently dangerous to the personnel involved. SBII'pl ing of 
closed containers (druns, storage tanks, etc.) shall be considered a high hazard 
operation by all Branch personnel. The procedures outlined ·in the Region IV 
Field Health and Safety Manual (23) will be strictly observed during all 
potentially hazardous . sarrpl ing operations. Additional safety guidance is 
included In the draft EPA Safety Manual for Hazardous \.laste ·site Investigations 
(23). Branch specific safety protocols for these types of operations are 
included in Appendix K. 

4.12.1.1 Specific Quality Control 

Sarrpl ing equipment contaminated 
specified in Appendix B, Section B.1.5 

Procedures 

during 
before 

waste 
being 

for Sa"Pl ing 

SBII'pl ing 
returned 

nust 
from 

Eauicment 

be cleaned 
the field. 

as 

Contaminated disposable equipment and SBII'pling equipment that Is to be 
discarded nust be properly disposed of as specified in ttie slte·speclflc field 
sarrpl ing plan (Section 4.5). 

All equipment used to collect waste s~les shall be cleaned as outlIned 
in Appendix B and repaired, if necessary, before being stored ·at· the conclusion 
of a field study. In some instances, special ·decontamination procedures in 
excess of the cleaning procedures outlIned in Appendb B will be necessary. 
These procedures will be developed on a case·by·case basis according to the 
specific material encountered (26). 

All air monitoring and field analytical 
being issued for field studies, as specified 

equipment 
In Section 

shall 
6.0, 

be tested 
and Appendix 

before 
G. 

Any cleaning procedures. conducted 
all field 

In 
repairs, 

the field deviating from those 
. specified In Appendix B, and shell be thoroughly doc ~~:~en ted 

In the field logbooks. 

4.12.1.2 Collection of Auxiliary Information and Data .. The collection 
of auxil fary Information and data is particularly irrportant when collecting . waste 
sarrples. Any field analyses, Including those conducted with safety equipment 

such as photoionlzers, explosion meters or approximate analyses such as those 
obtained with Ph Indicator paper shall be recorded In field logbooks, as outlined 
In Section 3.5. Sketches of s~llng locations, valving arrangements of tank 
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trucks and storage 
in the 

tanks, 
logbooks. 

markings on druns, tanks, etc., should 
useful 

be thoroughly 
for recording docunented Photographs are particularly 

this information and they should be used extensively during waste .s~l ing 

operations. 
outlined 

A field log of the photographs taken should be maintained as 

in Section 3.2.3 •. 

4.12.2 Collection .of Municipal \lastewater, Industrial \lastewater. and Municipal 

\later Treatment Plant Sludge Sanples 

tion 
4.12.2.1 

of . sludge 
Sanpl ing 

safll)les 

Equipment 

includes: 
Branch equipment 

safll)le containers; 
available 

stainless 

for the collec-
steel spoons and 

shovels; 
conduit 

stainless steel ponar 
.steel 

dredges; stainless steel scoops attached to a 

pipe; stainless push tubes; and Peterson· and Eckman dredges. 

4.12.2.2 Sanpl ing Technique -- If the s~ling technique involves multiple 
aliquots or if the final safll)le will consist of al iquots from several· locations, 
all al iquots should be placed into a Pyrex• dish, or another suitable container, 
and mixed · thoroughly before containerization, as specified in Section 4.2.10. 
The safll)le is containerized as specified in Appendix A. 

H the sludge layer is shallow or if. only the surface 
container. 

is to be Safll)led, · 
safll)les can be collected directly_ into the safll)le 

If depth safll)les are the methods described in Section 4.12.3.4.2 
may be used. 

Regardless of the method used, special care must be taken when collecting 
sludge 
out of 

safll)le to minimize the loss of fine materials . by the excess water flowing 
the s~l ing device, thus biasing the s~le. 

4.12.2.3 Sanpl ing Locations locations must be 
selected to insure that the Sllfll)les 
being safll)led. The following are 

are truly 
suggested 

representative 
locations for 

of the 
different 

carefully 
material 
safll)l ing 

conditions. 

safll)les 
three 
in the 

that 

4.12.2.3.1 ~Mun~i~c~i~pa~l ........ ·~s~lud~g~e--~B~e~i~ng~----~D~ra~wn~ .... ~t~o~~a~~D~ryLi~ng~----~B~ed~ 
from the pipe flowing to the bed or at the discharge into the 

or more sarrple al iquots during the draw period to insure that 
sludge conC:entrati ons and consistency are aCCOU"Ited for. 

4.12.2.3.2 .:!:S~ludq=c:e'--_:.F:.;rom~~a:::.n.:....~Ana:.=e:.:.r.=ob::::.:.:ic=-. .... ..l:D:.:i.:a9.::;es~t~e:.:..r •• It is difficult 
the contents of these U'lits are well mixed. S~les can be 

Collect 
bed. Take 
variations 

to insure 
taken from 

safll)le ports in the recirculation lines if so equipped. Otherwise, s~leos can 
be taken frem "thief holes" in the floating top of the digester. · 

these 
while 
depth 

4.12.2.3.3 .:!:S~lud=9c:e'--_:.f:.;rom~~a:::.n.:....~Ae~r~o~b~l~c .... ~D~Ig~e~s~t~e~r 
units · ,because of the clear view of the contents. 
the contents are being mixed and from. between 
of ·the digester. 

It is much 
S~les 

1!3 and 

easier 
should 

2/3 of 

to sarrple 
be taken 

the total 

4.12.2.3.4 Sludge From a Quiescent Holding Basin (\later or \lastewater) 

One safll)le cannot be collected which will be representative of the total contents 
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of the ·basin since the material is generally stratified. Near bottom s~les can 

be collected from the upper, relatively clear liquid layer as one would collect 

any water . sarrple. Generally, a minirrun of 3 to 5 grab sludge s~les should be 
collected from the basin. These grab s~les should be as representative of the 
sludge contents as possible. S~les .should be collected near the inlet and 
discharge · structures as well as from the open pond area. S~les may be analyzed 

individually or c~sited into a single s&q)le. Sludge Sllq)les should ·be 
collected from the basin from a boat or a . platform. Sediment sllq)l ing devices 

are required to collect these Sllq)les. 

4.12.2.3.5 Sludge From Dr)!i!J9 Beds After sludge is partially dried and 

cracked, s~les can be collected with· a stainless steel spoon,. shovel, or 

similar device. Saqlles should be collected from three or four locations in' the 

bed and c~sited to insure a representative Sllq)le. The s~le should be 
collected to the full depth· of sludge on the bed. 

4. 12.2 .4 ~st:::ee:..:c::.:i~a.:.;l_-'P~r~e:.:::c~au:::,t~i~o::.:n.::.s __ .:.;fo~r'--..:.T~ra~c:;:::e:_..:C~o::.:n..!.ta::::m::.:i~n~::.an:..:.t:-_-'s=:.:a::::"P.=.:.l.:..:i n~g •• See Section 
4.7.6.1. 

4. 12.2. 5 ,.s...,l ud=g"'e _ _,s..,a""npz::.:.:l e..,s:.....__,.C..,o.o,;ll,.e:.:::c'"'ted""'---'-fo~r:......:..P,.ur:..;g.,e:.:::a.._b...,l e.__..,o~rg:a.:a::..n:..:.i:::.c --"C=:.:O!!pO=:::.und:::.::::::S:.....--:A;:.:.n.:::a:.:.l.z.;)!S=:.:e=s 
See Section . 4.7.6.4. 

4. 12.3 Pits. Ponds, and Lagoons 

4.12.3.1 ~ -- For the ·purposes of this subsection, pits, ponds, and 
lagoons refer to any basin, pit, or open tank (lined or ~lined) which contains 
or is suspected of containing ~known concentrated liquid, solid, or sludge 
chemical wastes. This discussion does not include IIIJI'Iicipal and industrial 
treatment ponds or natural or man· made surface water i mpolntnents (discussed in 
Section 4.8.2). 

'· 4.12.3.2 Sanpl ins Locations -- Sarrpling locations within pits, ponds, and 
lagoons should yield sarrples which are representative of that section, or of the 
entire pit, pond, or lagoon being sarrpled. All phases (floating sol ids, all · 

li~id phases, and sludge) in the pit, ·pond, or lagoon should be sarrpled. The 
only exception is situations where representative sarrples cannot be safely 
collected or Where the investigative ·team is atterrpting to determine worst case 
conditions. 

Because of the inherent danger with sampling known or ~known concentrated 
waste, sarrpl ing personnel ·should never atterrpt . to sarrple pits, ponds, or lagoons 
from a' boat. All sarrpl in; should be acc~lished from the banks of pits, ponds, 

or lagoons or from piers. Any exception nust be approved by the appro('lriate 
Branch and/or Section Chief. 

4.12.3.3 SB"Pl ina E9!:!hxnent -- The following Branch equipment is available 
for field use in collect in; liquid waste sarrples from pits, ponds, and lagoons: 

sarrpl ing containers: sarrpl in; containers affixed to II piece of conduit pipe, 

stainless steel scoop affixed to ·a piece of conduit pipe with a scoop bracket, 

stainless steel spoon affixed to a conduit pipe, peristaltic ptJI1) and vacuun jug 

arrangement, and Bacon·Bonb ·sarrplers. For sludge sarrplin; of pits, ponds, and 
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lagoons; 
conduit 

stainless steel 
stainless 

ponar 
steel 

dredges, stainless steel scoops attached to 

pipe, end push tubes ·are avai table. 

4.12.3.4 Sa!!pling Techniques 

4.12.3.4.1 Liquid \laste S&!!J?ling If the saqll ing technique utit ized 
requires multiple eliquots, or if the final s~le wit l consist of al iquots from 
several different locations in the pit, pond, or lagoon, el t at iquots should be 

placed into a Pyrex• dish or a large glass s~te container, or other suitable· 

compositing container, end mixed thoroughly before containerization (Section 
4.2.10). 

. The presence of individual liquid phases can be determined by using a 
peristaltic. ~; The Teftone tubing attached to the · ~ is strapped to a piece 
of conduit pipe and slowly towered to the bottom of the unit to be saqlled. The 
~ discharge (end the ·intake tubing) is examined to determine if phases are 
present. If phases are present,· the top t iquid phase can be saqlled by direct 
dipping with the saqlle container, or dipping with the saqlle container attached 
to the conduit pipe - either directly or by way of a fishing pole type arrange-
ment, or dipping the saqlle with a stainless steel scoop attached directly to 
conduit pipe with e scoop bracket. Alternatively, all liquid phases can bti 
sampled with a peristaltic ~/vacuun jug arrangement with the Teflone tubing 
attached to a conduit pipe and held at the desired , depth or with the Bacon·Bomb 
saiJlller opened . at the desired .depth. The Bacon-Bomb saqller can be operated 
directly from the banks of pits, ponds, end lagoons; from piers;. or operated by 

way of a fishing pole type arrangement, using a piece of conduit pipe. 

Floating 
attached 

sol ids can 
to a. piece 

be saqlled 
of conduit 

directly 
pipe. 

or with a stainless steel scoop or 
spoon 

4.12.3.4.2 Sludge Senpl ing If the s~t ing technique involves multiple 
at iquots, 
locations 
Pyrex• dish 
zation, as 
in Appendix 

or if the final S&qlle will consist ·of eliquots from several different 
in the pit, pond, or lagoon, all eliquots should be placed into 

or other. 
specified 

A. 

suitable container . end mixed thoroughly before containeri-
in Section 4.2.10. The S&qlle is containerized as specified 

Sludge S&qlles may be, collected by. pushing a stainless steel push tube into 
the sludge and ~tying the tube contents into a Pyrexe dish or other suitable 
container. "Eqltying" may include shaking to remove sludge or extrusion of ·thick 

a 

or 91.11111Y sludges with a new wooden dowel. A disadvantage of this technique is 
the need for multiple insertions of the tube into the sludge to collect 
sufficient S&qlle volune. 

Sludge 
An advantage 
sufficient 

s~tes 

of this 
can also 

technique 
be cot lected 
is that one 

most s~ting 

with e 
operation 

efforts. 

stainless steel 

One 
attaching 
bracket, 

s~te votune for 

of 
a 

end 

the easiest methods 
stainless steel scoop 

inserting the scoop 

of collecting e 
to . a piece of 

into the sludge. 

of the dredge 

sludge 
conduit 

The 

s~le 

pipe 
scoop 

ponar dredge. 
usually ·yields 

consists of 
with a scoop 

bracket has e 



decided 
between 

4.12.4 

advantage 
the scoop 

Open and 

in 
and 

Closed 

4.12.4.1 ~ 

that it allows S&qllfng 
the conduit pipe. 

Container Sarrpl ing 

S&qll ing of closed 
etc.) should be conducted only when absolutely 

personnel 

containers 

sa!l1'l ing is necessary, the first priority should 
necessary. 

be · the 

to 
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the angle 

(druns, storage tanks, 
Whenever 

collection 
container 

of S&qlles 
from open containers since they generally present less hazard to the SB!11'l ing 
personnel than closed containers (i.e., volatile organic c~ts have already 
evaporated, extreme acute toxicity would probably be evident from dead animals 
or vegetation around the site, etc.). Closed containers IIIJSt be considered as 
extremely hazardous from either the toxicity, explosion, or fire potential. 
Acute toxicity may pose a danger in both ·open or closed containers.· Because of 
the dangers involved with container s~ling, the S&qll ing of druns or other 
containers containing either unknown materials or known hazardous materials shall 
be considered a hazardous duty assignnent. Additional information regarding 
container sa!l1'l ing . is available in the draft EPA Safety Manual for Hazardous 
\laste Site Inspections · (24). 

Safety procedures for container s~l ing will be in accordance with the 
Region IV Field Health and Safety· Manual (23) and Appendix N. 

often arises S8111'l ing is stratification and/or 
phase 

A problem 
separation 

which 
of the container 

be taken to 

in container 
contents. When 

the 
this condition occurs, or is 

suspected, care must 
tive of the container 

insure that SB!11'1e collected is represents· 
contents. If only one layer 

interpreting 
or "phase is S8111'led, this 

should be noted and taken into account when analytical results. For 
exa!l1'1e, if a large tank is being Sllq)led for PCB 1s and 

of the tank, 
on the high 

the only valve or access 
port available for 
the concentration 

S8111'l i ng is at the bottom 
of PCB's might be biased 

heavy and tend to settle near the bottom · of containers. 

it should be noted that 
side,· since PCB'S are 

If stratification is not present, Sllq)les may be Cllq)OSited by depth (i.e., 
collected throughout the entire depth of the container ·or at several different 
depths) to provide a representative Sllq)le. When a drun or cylindrical · container 
is standing vertically, depth Cllq)OSiting provides a good quantitative estimate 
of the containers contents. In other cases where such containers are tipped, 
horizontal, deformed, etc., , and stratification is not present, vertical 
cllq)Ositing will provide a representative Sllq)le at least on a qualitative basis. 
(Note: a quantitatively representative sllq)le could be collected, but would 
_require sophisticated· Bllq)lfng methodology involving multilayer Sllq)l ing and 
volune measurements: this is not reconmeuded Ulless initial screening imicetes 
it is absolutely necessary). Sllq)les 11111y not be Cllq)Osited across containers. 

4.12.4.2 - . Serrpl ins Eaui~nt The following Branch 
for use In collecting waste Sllq)les from open and closed 
set of spark· resistant (beryll i1111·brass) tools including 
adjustable ·wrenches, etc.: · a remote barrel opening device: 

equipment 
containers: 

barrel 

is avai I able 
a Celq)lete 

bung wrenches, 
Sllq)lers for 

drun SB!11'ling: glass tubes for drun sllq)ling: glass profile 
col iwasa 

tubes for container 
sa!l1'1 ing: Bacon~Bonb S8111'1ers for container sllq)l ing: and 
vacuun bottle arrangements for -I iquid waste Sllq)ling from 

peristaltic 
containers. 

~ end 

I 
_I 
I 
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4.12.4.3 Sanpt ing Techniques· Closed 
U'lknown 

druns, 
materials 

or other containers 

(including 
materials 
container 

storage tanks) containing 
using. only 

A remotely 

or known hazardous 

shall be opened spark proof opening devices and while the 

is grounded. controlled 
the use 

device may be used when deemed 

necessary. 
wrench along 

such 
with 

a device 
a brass 

involves 
pressure fitted bung 

of a ·remotely operated pneumatic 
socket (25). 

The most conmonly used . Branch Sllq)l ing device for 55-gallon druns is the 
cotiwasa sarrpler. The coliwasa sllq)ler is a single use glass sarrpter, consisting 
of an outer glass tube with one end tapered, and a separate imer glass tube with 
a small bulb on one end. In use, the outer tube is slowly lowered into the drun, 
tapered end first. This nust be done slowly for two reasons. One, the drun may 
contain solid material which might break the tube and injure the sarrpter. 
Second, slowly lowering the tube allows the liquid phases in the drun to stay in 
equil ibriun with the col iwasa sarrpler I ensuring a representative Sllq)le. The 
inner glass tube is inserted (bulb end first) into the outer tube. This may be 
done very slowly after the outer tube is fully inserted into the drun, 
inner tube · may be inserted prior to immersing the outer tube. In the 

or the 
latter 

from the case, the bulb tip of the OUter tube IIUSt be pulled back several inches 
tapered end of the outer tube. After both . imer and outer tubes are 
into the drun to be sarrpled, . the inner tube ·bulb end ·is pressed gently 

inserted 
against 

from 
By 

the tapered end of· the outer tube, forming a seal. Both tubes are withdrawn 
the drun and the ends of the tubes are held over the Sllq)le container. 
manipulating· the imer tube, the Sllq)ler can control the rate of flow of ·the 
sampled liquid into the Sllq)le container. 

Sarrples from druns 
tube. In most 
work best. The 

instances, 
tube is 

open as possible. 

can also 
glass 

inserted 
end is 

stopper 
container. 

to 
The 

hold the Sllq)le in 
then 

be collected using a four-foot length 
tubes with a 1/2·inch or less inside 
into the 

then · sealed 
opening of the drun or barrel 

either · with the thumb or 
the tube while removing the tube 

placed in the 
procedure is 
volume shall 

The sarrple 
repeated 

is 
U'ltil 

be held to the 
an adequate 
absolute 

BIIIOU'It 

minimun 

appropriate 
of sample 

required for 

container, 
. is collected. 

analysis. 

of glass 
diameter 

as far 
a rubber 
from the 

and the 
Sarrple 

An optional method involves the use of a piercer ·valve which is inserted 
into the drun or . barrel by .use of a remotely operated hydraulic jack (24); 
however, this method should be used only as a last resort (24). The sarrple is 
·collected directly from the valve. Several· valves may- be required at different 
depths on the drun or. barrel if stratification · has occurred. 

Other Sllq)l in9 procedures including the use of automatic Sllq)lers, 
siphons, 
container 
established 

nultiple valves arid ports, etc., may be used depending on the 
involved. These procedures should not be used U'lless it 

pumps, 

specific 
can be 

that their use will not constitute . a· fire or . explosion hazard. This 
determination shall be made only after field reconnaissance, collection of 
appropriate 
of available 

field data (explosion meter;· photoionizer, ·etc.), and consideration 
file information on the site. 

Tank trucks and storage tanks containing .liquid wastes present a U'lique 

problem.. S~les may be collected from access ports on . top of these tanks or 
trucks ust'ng the techniques outlined above. Tank trucks are often compartment· 
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al ized, and the investigator should insure that all CClq)Brtments of the tank 

truck are sarrpled.· Sarrpling from discharge valves usuall·· fot.rd on tank trucks 
is not reconmended due to potential stratification of th •. tank contents and the 
possibility of sticking or broken valves causing a ·release. However, if the 
investigator II'USt sarrple from a tank truck discharge valve, the valving 
arrangement of the particular tank truck 'being sarrpled II'USt be clearly understood 
to insure that the contents of the cClq)Brtments of interest are sarrpled. The 
same precautions apply to sarrpl ing from storage tank .valves. In either case, . the 
investigator II'Ust realize that· sarrples obtained from valves (particularly those 
at or near the bottom of tank trucks and storage tanks) may not yield represent· 
ative sarrples. SaqJl ing personnel should not utilize valves on tank 
bulk storage devices unless they are operated by the owner or operator 

trucks 
of 

or 
the 

facility, or a containnent plan is in place should the valve stick or break. 

4.12.5 waste Piles and Landfills 

4.12.5.1 General •• Yaste piles consist of sludges and other solid waste, 
liquid waste mixed with soil, slag, or any· type of waste mixed with construction 
debris, household garbage, etc. Each situation presents a unique challenge to 
the sarrpler in the selection of an appropriate sarrpl ing location and technique. 
Sarrpling at landfills is generally considered a routine operation. However, the 
sarrpl ing personnel II'Ust. be aware that, in the past, landfills were not selective 
in the types of waste materials accepted. Therefore, sarrpl ing at landfills known 
or suspected to contain hazardous wastes could involve sarrpl fng operations that 
are inherently dangerous . to the personnel involved. 

4.12.5.2 Sarrol ins Locations -- SaqJl ing locations 
will yield a sample which is representative of the waste 

should be selected 
pile or landfill 

which 
being 

investigated. The only exception is situations in which representative samples 
cannot be collected safely or · where the investigative team. is attempting to 
determine worst case conditions • 

. 4.12.5.2.1 Yaste Piles A representative SaqJle from a small waste pile 
of 

the 
a 

and 

can often 
representative 
ni.Jiber and 
statistical 
the location 
which can 

be obtained by collecting a single sarrple. The collection 
sample from large waste piles presents problems with both 

of samples. For a saqJle to be truly representative, locations 
approach should be used in selecting both the numbers of sarrples 
where they are to be collected. A discussion of statistical methods 

be utilized iS gi Yen in . the ,:.l:=;eS::..:t~-. .. M:.:.:e:.:t:.:.:h.:::;od:::S.__f.:.,:O~r-..:;E;.:V.:::;a.:.,:l U=>a:..:t""i :..:;M;o...._....::;So.,.l...,i,:::d"--""Y:,:a::.:;S:..:t~e 
(S\1·846) issued by the EPA Office of Solid Yaste and Emergency Response (28). 

4.12.5.2.2 Landfills Representative samples from · landfills are often 
·difficult to obtain because of the heterogenous nature · of the- wastes deposited. 
Geophysical_ instruments may occasionally be useful in locating buried druns and 
tanks, but the signal · is. often lost in the background noise of waste ferrous 
materials. As with samples from waste piles, for a · sample to be truly 
representative, a statistical approach· should be used in selecting . both. the 
ni.Jiber of saqJles and the locat_ion where they are to be collected. A discussion . 
of statistical methods which can · be utilized is given in the Test Methods for 
Evaluating Solid Yaste (SY·846) issued by the EPA Office of Solid. Yaste and 
Emergency Response (28). The saqJler should be aware that landfills often 
generate leachate at one or more locations downgradient of the fill material. 
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Leachate 
landfill 

sarrples 
which 

can provide 
are migrating 

a 
via 

limited overview of ·materials deposited in a 
groundwater. 

4.12.5.3 Sanpl ing Equipment -- The following Branch equipment is available 

for 
steel 
s·teel 
steel 

field use in collecting sarrples frOII! waste piles and landfills: 
hand augers, stainless steel push tubes, stainless steel shovels, 
scoops, stainless steel slag hanrner/slag pan, drill rig, and 
spoons. 

stainless 

stainless 
stainless 

4.12.5.4 Sanpl ing Techniques All sarrples collected should be placed 
into a Pyrexe dish and mixed thoroughly before containerization, as specified in 
section 4.2.10. Samples for volatile organic corrpounds analyses may not be 
corrposited and must not be mixed. Stainless steel shovels, spoons, or scoops 
should be used to clear away · surface materials before samples are collected. 
Near surface sarrples can then be collected with a clean stainless steel spoon. 
~epth sarrples can be collected from the cleared location by forcing a stainless 
steel push tube . into the waste pile .or . by augering to the desired depth in the 
landfill or waste pile with a stainless . steel hand auger. \lhen the desired depth 
is reached with a hand auger, a clean auger head should be used for collecting 
the sarrple. An . alternate method for collecting depth sarrples is to dig to the 
desired depth with a stainless steel shovel or scoop and collecting the sarrple 
with a stainless steel spoon. 

Sometimes the waste material is too hard to mix in a Pyrexe dish or the 
sarrple material retrieved is too large to contain in the sarrple container (for 
exarrple slag wastes). This refractory material may be sarrpled by crushing 
representative portions of the waste material with the stainless steel slag pan 
and hanrner. Once crushed, the material may be thoroughly mixed and containerized 
for analysis. Mixing is done as specified in Section 4.2.10 and the sarrple is 
containerized as specified in Appendix A. Any remaining waste materials must be 
properly disposed of, in accordance with the waste handling procedures for that 
process. 

4.12.6 Contaminated Surfaces Sanpling 

4.12.6.1 ~ Sampling may be required to determine whether 
various surfaces are contaminated, or to evaluate the effectiveness 

or not 
of 

decontamination procedures. The procedures outlined below are intended for non-
absorbent surfaces e.g., metal, concrete, glass, plastic, etc. . These types of 
surfaces may be sarrpled using . wipes or swabs that are purchased corrmercially. 
The wipe or swab material must be corrpatible . with the solvent used and the 
analyses to be performed, and should not come apart in use. The wipes are 
saturated with either methylene chloride, hexane, or deionized water der;:oending 
upon the parameters to be analyzed. Sampl fng personnel should be aware of this 
and take the proper precautions against skin contact and inhalation of these 
solvents as ·outlined in Appendix N. For routine scheduled wipe sampling, ASB 
requests two weeks notice to prepare the wipes. ASB IIUSt be notified as to what 
analyses are required. ECB s~ould provide sufficient precleaned 8-oz sampling 
jars to ASB for storage . of the ·prepared wipes. Yipe samples should not be 
collected for volatile organic corrpounds analysis • 



4.12.6.2 Sanpl ing Locations 
may include walls, cei I ings, 
equipment, furniture, etc. 

floors, 
sa~ ling 

surfaces 
exposed 

locations 

contaminated 
be IIIIlS, 

will 
inner 

often 
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by hazardous wastes 
walls of tanks, 

be dictated by the 

surface to be s~led. · If possible, however, the surface sarrpled should be 

horizontal and facing up •. surfaces in this position are generally the most 

likely . to become contaminated by spills, splashing, settling. dust, etc. 

4.12.6.3 Sampling Equipment Branch s~ling equipment consists 
specially prepared wipes in s~le jars. A sufficient I"'U!ber of wipes for 
san..,le 
san..,le 

are kept 
jars. 

in separate containers. These containers are precleaned 

of 
each 
8·oz 

4.12.6.4 Sanpl ing Techniques The sarrple jar containing the prepared 
wipes is opened and a prepared wipe is removed. "ipes may be handled either with 
stainless steel tongs, tweezers, or gloves. Gloves may be used only if the 
contaminants of interest are not present in the glove. The entire area to be 
san..,led is wiped with firm strokes using . only one side of the wipe. The wipe is 
then returned to the s~le jar from . which it was taken. This process is 
repeated unti I the area is visibly free of contamination or no more wipes are 
left in the jar. Care should be taken to. keep the sa~le jar tightly sealed to 
prevent evaporation of the solvent. S~lers rrust also take care to not touch 
the used side of the wipe, to prevent loss of the contaminants. Unused· wipes 
should not be removed. All wipes in the jar will analyzed by the laboratory. 

If surface 
area that is to 
a t~late made 

contamination is to be quantified (e.g., ug/~) the surface 
using 

desired 
be wiped rrust be 

of decontaminated 
10 em by 10 em. 

measured. This can often be acc~lished 

aluminum foil with an opening of the 
size, generally 

4. 12.7 Contaminated Documents Sanpl ing 

4.12.7.1 General Contaminated documents that require sarrpl ing are 
usually 
materials. 

business records that are suspected to be contaminated with hazardous 
If business records are to be sarrpled (files, file folders, 

correspondence, 
are · destroyed 

receipts, etc.), care rrust be taken that no evidentiary materials 
in the s~l ing process. 

4. 12.7. 2 .::.S:;::a!!!?:.=l.:.i :.:;M,._ _ _,loc=a:.:t.:.i :;::on~s Blank letterhead, unused receipts, 
unlabeled . file ·folders, etc., should receive first consideration. If these are 
not present in sufficient quantity, it may be necessary to collect the s~le by 
removing material from the tnJSed portions of the documents. 

$!!!!piing Equipment A Pyrexe and a pair of 4.12.7.3 
decontaminated 
not be painted 

as specified 
or constructed 

in Appendix B. The 
pan 

handles of the scissors 
s'!issors · 

should 
of plastic. 

4.12.7.4 Sampling Techniques •• The material selected for sampling should 
be as representative as possible. Once the sample material has been removed, · it 
rrust be reduced in size ·and mixed prior to containerization. This can be 

acc~l ished by cutting the paper into small pieces with a pair of scissors and 
mixing the pieces in a glass pan. The shredded material is then placed into a 
precleaned 8·oz glass jar. 
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be kept to a mininun 

4.13.1.4 
at the Athens 
a refrigerator 

Analytical Support Branch -- Upon arrival· . of the metal container 
laboratory, the salll'les shall be stored in the metal container in 

U'ltil sut:mitted to the chemist for extraction. 

4. 13.2 Volatile Organic CO!!pOundS CVOC) Saii'Dl ing Uith SUMMA8 Electropolished 
Stainless Steel Canisters Using Method T0-14 

4.13.2.1 General -· The following is a synopsis of procedures which should 
be strictly adhered to. for the cleanup and use of SLJ111188 canisters in Salllll ing 

from Method · air for Volatile Organic CCIIJ1)0UI'Ids (VOC). This surmary is adapted 
T0·14 of the COMPENDIUM OF METHODS FOR THE DETERMINATION OF TOXIC ORGANIC 
COMPOUNDS IN AMBIENT AIR. 

The following procedures -..st be followed in the preparation and use of 
sunnae canisters for ~~ ing YOC. 

• 

• 

• 

4.13.2.2 
be followed 

• 

!11 new surmae canisters ~ be individually checked for 
contamination by the ESD laboratory 
of 10 SLJIIII88 canisters that are 
analyzed to check for contamination • 

All slllll'ler tubing, fittings, end 
solvent washed in hexane and heated 

before use. 
subsequently 

wetted parts 
to >100° c. 

One . of each batch 
cleaned must be 

of valves must be 
These parts 

then be esseni>led end · flushed with nitrogen . for at · least 
should 

8 hours 
cleanup prior · to . use in the SBIIllle train or in the canister 

apparatus. 

end fitting will inspected for damage Each 
before 

canister's 
cleaning. 

valve 
Any damaged valve 

be 
will be replaced with a 

previously 
valve, the 
is free of 

cleaned (see procedure above) 
canister will be cleaned end 
contamination. 

valve. 
analyzed 

After replacing 
to verify that 

any 
it 

If any canister 
must be cleaned 

is used to 
end analyzed 

be used again. 

Slllll'le II high 
to verify it 

concentration 
is free of 

source, 
contamination 

it 

it can 

Chain·of·custody must be ·maintained for all s~les. 

SUMMA• Canister Cleanue •• The following 
summee canisters: 

cleanup procedure will 
for the preparation of all 

The canisters should 
humidified nitrogen1 

Initially be pressurized 
then evacuated to 1 atm. 

to 
This 

>2 etm 
filling 

evacuation 
residual 
humidified 
contaminants 
canister. 

aequenc~ shill be repeated five times to dilute 

with 
and 
any 

contaminants. 
nitrogen 

that 

The addition of the water from the 
may also displace some of the more reactive 

could ecf!ere to active sites on the wall of the 
After the fifth evacuation to 1 atm, the vacuum pump will 
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be valved on end left on for a minimum of 3 hours or l.rltil 
I"'U!ber 

recorded 

a vacuum 
of the 
in the 

valve 
then be 

. and the 

of <150 millitorr is reached. 
canister, the date and the final 
canister cleanup logbook. After 
should be capped with a . s.wagelolce 
affixed to the canister denoting 
name of the person who performed 

The identification 
vacuum will be 
cleaning, 

plug. 
the 

the 
date 

cleaning. 

the canister's 
A label will 

it was cleaned 

1. (The nitrogen should be certified 99.999X pure by the manufacturer. A molecular sieve 
scrubber should be attached to the nitrogen line after the regulator to remove any trace 
impurities). 

4.13.2.3 Sanple Collection -- Two types · of VOC samples can be collected 
with SU1'fl\88 canisters. The canister can be opened end allowed to fill rapidly 
to obtain a grab Sllq)le or filled slowly by using a flow controller to collect 
a time integrated sample. With either type of safll)le, the following general 
procedures should be followed: 

• 

• 

• 

An EPA, 
SlJ111188 

pre·I"'U!bered sample tag should be tied to the handle of the 
canister 

A Chain·Of·Custody 
Safll)l ing, 
sample. 

sampling 

prior to Safll)l ing. 

Record should 
interval, and 

After the Sllq)le has been collected, 
capped~ the pre-numbered EPA tag 

be completed detailing time of 
signed by the person taking the 

the 
should 

summae canister should be 
· be · completed, and the 

canister should be placed in 
and 

a shipping container with a copy of the 
tape. Chain·Of·Custody Record sealed with EPA Sllq)le custody 

4.13.2.4 
is collected 

Grab Sai!Dle Collection •• Before a grab sample for VOC analysis 
in a summae canister, the canister inlet valve should be fitted with 

a pre·cleaned (Section 4.13.2.2) stainless steel particulate filter. At the 
safll)le collection location, the main valve should be opened and the canister 
allowed to fill. After · about one minute (when no audible . sound of rushing gas 
can be heard), close and cap the main valve of the SlJ111188 canister. 

4.13.2.5 Time Integrated Sanple Collection This sllq)le collection 
method involves the use of a flow controller or a sllq)ler containing a flow 
controller 
method, 

to slowly meter the flow of air entering a summae canister. With this 
a sample is collected over a longer period of time than with a grab 

Safll)le. 
a VOC 
interval 

safll)les: 

If a constant flowrate was maintained, the resulting Sllfll)le will have 
content that is the average of the voc concentrations for the sampling 

(a time integrated Sllfll)le). 

The following procedures 

• All sllfll)ler systems· 
or after any maJor 
air or nitrogen1 to 
nitrogen flow should 

should be followed to collect time integrated 

should be checked for contamination prior 
repair. This is accomplished by metering 
the inlet of the sllfll)ler. Excess zero 
be vented with a. Swagelolce tee from the 

to use 
zero 

air or 
Sllfll)ler 

1 
I 

I 
.I 
I 
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4.13 AIR TOXICS MONITORING 

4.13.1 Formaldehyde Sarrpl ing Using Dinitrophenylhydrazine Cartridges Using 

_ Method T0·11 

4.13.1.1 General -- The following is ·a synopsis of procedures which should 
be strictly adhered to for .the- handling and field use of dinitrophenylhydrazine 
(DNPH) cartridges for formaldehyde sa~l ing. This is from METHOO .. T0·11 of the 
COMPENDIUM OF METHOOS FOR THE DETERMINATION , OF TOXIC ORGANIC COMPCXJNDS IN AMBIENT 
AIR. 

The ,following · generic procedures should be adhered to at all. times. 

• Polyethylene or Nylon gloves nust be worn whenever handling any of 
the DNPH cartridges (in the extraction laboratory, during 
preparation for shipment, during field set-up, in field during 
preparation for return. shipment, and in the laboratory during 
preparation for analysis and during analysis). 

• Coated DNPH cartridge which have been prepared for longer than 
days shall not be- used. 

• All . padding material shall be either clean tissue paper or 
polyethylene-air bubble padding. Never use polyurethane foam, 
cardboard, or· newspaper as padding material. DNPH ·cartridges which 
have been properly prepared for shipment may be shipped in cardboard 
containers or preferably in coolers with eutectic salt (Blue Ice) 
packs. 

• Chain·of•custody shall be ·maintained for all · sa~les • 

• A mininun of one trip blanlc shall be transported per one to ten 
sa~les collected. 

4.13.1.2 Extraction laboratory Upon completion of preparat_ion of the 
DNPH cartridges, both ends shall be plugged with polypropylene- Luere male plugs 
and each DNPH cartridge placed in a- borosilicate glass .culture tube with 
polypropylene screw caps (tightened), A serial nurber, expiration date and a lot 
nl.ll1ber label will be placed _ . on each glass culture tube: The batches of culture 
tubes shall be placed in sealed _friction· top metal containers which contain 1·2 

·inches of granular activated charcoal (or a pouch filled with a similar IIIIII:Ult 
oJ charcoal) for _ storage in - the refrigerator in the Air Laboratory. The cut ture 

'tubes should be enclosed 'in two Zip·Locl:e bags to prevent contamination from 
charcoal dust. 

4.13.1.3 Air Corrplfanee Unit •• The Air Compliance Unit will. notify and 
keep the Extraction Unit Informed as to the anticipated nurber of prepared DNPH 
cartridges needed for field U$e. On routine studies, the Air Compl lance Unit 
will notify the . Extraction ·Unit of· needs at least two weeks in advance of needed 

pick·up date. Only the nurber of DNPH cartridges needed for a maxinun of 60 days 
(including trip blanks and extra DNPH cartridges for breakage) will be requested. 
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On the date of shipment or when loading out for a study, th·e Air 

the DNPH will remove the sealed cans (which contain 

in glass culture tubes) from the in 
Ccxrpl i ance 
cartridges 
the Air 

Unit 
sealed 

Laboratory. If only a small l'lUitler of tubes 
refrigerator 

are needed for 

a particular 
to another, 

study, 
smaller, 

the corr~ct l'lUitler of tubes will be transferred 
solvent-washed shipping can. 

An ·· appropriate amount of packing material shall be placed in the 
metal container to prevent breakage of the glass culture tubes. A 
label shall be affixed onto each metal container listing the l'lUitler 
of DNPH cartridges in the container. The metal containers should be 
shipped in coolers containing eutectic salt packs (such as Blue Ice) 
to maintain a ten.,erature of approximately 4°C. The DNPH cartridges 
shall be shipped the same day they are packed. 

On each Sllq)l ing date, the metal container(s) will be removed from 
the refrigerator or cooler for transport to the field. At each 
sllq)l ing location the metal container will be opened and one glass 
culture · tube will be removed (wearing clean polyethylene or nylon 
gloves) and allowed to warm to llllbient ten.,erature (before removing 
the DNPH cartridge from the glass culture tube). The plugged DNPH 
cartridge will be removed· from the culture tube and the two Luere 
end plugs will be removed from each end· of the DNPH ·cartridge which 
will be inrnecliately placed on the sa~ling train.· The Luere end 
plugs will be placed back into the glass culture tube and the cap 
placed on the tube and tightened. The culture tube will be left in 
the Sllq)ler enclosure at the site. The same procedure will be 
adhered to at each saqJl ing location. A trip blank (in a sealed 
culture tube) will be placed in a sllq)ler enclosure at one on the 
sites for the duration of a Sllq)l ing event. 

The sa~ler will be manually turned on and allowed to run · for two minutes. 
An · Initial flowrate should be . recorded on the sa~le data sheet. The timer 
should be set to turn the saqJler on and off at the desired times. 

• The operator should collect the sllq)le as soon as possible after the 
s~ling . period ends. The sllq)ler should manually be turned on and 
allowed to run for two minuteS and II final flowrate and . elapsed time 
from the elapsed time meter ihould be recorded on the Sllq)le data 
sheet. The exposed DNPH cartridge will then be removed from the 
sllq)l ing train (wearing clean polyethylene or nylon gloves). The 
two Luere end caps will be removed from the glass culture tube and 
placed on the ends of the DNPH cartridge. The DNPH cartridge will 
be placed back Into the glass culture tube, the lid tightenec! and 
placed back into the metal container. The same procedure . is to be 
followed at each Sllq)l ing site. 

• At the end of the .day on which the saqJles are collected, the sealed 
metal can (which contains the exposed DNPH cartridges) shall be 
either placed In a refrigerator for storage overnight or placed in 
a cooler. The cooler will be ·used to transport the sllq)les to the 
EPA, Region IV, Analytical Support Branch In Athens, GA. The 
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inlet to atmosphere. The evacuat~ · canister should then be filled 

at the normal sarrpl ing rate with the zero gas. 

Initial flowrates will be determined· with a mass. flow meter. The 

initial flowrate ·and initial vacuun (at least 29 inches of Hg) 

should be recorded on the · sarrple data · sheet. Adjust the flowrate so 

that · at the end of the sa~l ing interval the ending pressure of the 

canister is approximately · 0.9 atm. 

Final ·ftowrates should also·· be determined with· a mass flow 
Final flowrate and final vaclUII should be recorded on the 
data sheets. The final vaclUII should be between 5 inches and 
of Hg. The final flowrate should be at · least sec/min. 

meter • 
sa~le 

1 inch 

After sa~le collection, all ·canisters should be double checked to verify 

that each has an EPA pre-nurbered tag with all 
and seal the 

information filled out. Place the 

canister 
tape. 

4.13.3 

in a shipping container container with EPA sa~le custody 

Semi~Volatfle Organic Compounds (SVOC) Sanpl Ins \lith High Volune PUF 
Sa!!!?lers ·Using Methods T0-4 & T0-13 

4.13.3.1 General -- The following is a synopsis of procedures which should 
be strictly adhered to for use of the High Volune Polyurethane Foam (PUF) 
sa~\ ing method for sarrpl ing semi ·volatile · organic compoiXlds (SVOC) . including 
pesticides and polychlorinated biphenyls. ·This sU11118ry is adapted from Method 
T0·4 (pesticides and PCBs) and T0-13 (polynuclear aromatic compounds) of the 
COMPENDIUM OF METHODS FOR THE DETERMINATION OF. TOXIC ORGANIC COMPOUNDS IN AMBIENT 
AIR. 

lledia 
The 
and 

• 

• 

following 

usi1'11 the 

proced.lres 
High VolW~e 

be followed 
.ethod for 

in preparation 

Slllllpli 1'11 for 
of PUF 

SVDCs: 

All PUF sampling media should . be pre-cleaned, loaded into 
Volune. PUF · sample cartridges · and sealed in solvent washed cans 
the extraction lab prior . to use. 

Chain~of-custody .shall be maintained for all samples • 

High 
by 

4.13.3.2 PUF Cleaning -- The Air C~liance 

plugs. 
Unit has responsibility for 

buying the PUF media and cutting the PUF 
as ~ containing any fire retardants. 
prevent photo-oxidation. It should be 

stored in a pesticide free environment. 

Care should be exercised in cutting 

It 
less 

PUF . media should be specified 
should be stored in the dark to 

than two years old, and sho:.lld be 

the PUF. It should be thoroughly wet 
with tap water prior ·to cutting. A drill press and stainless steel PUF cutting 
die should be used. The ·~rill press area should be free of oil and a 
polyethylene cutting block . should · be used to stop the die at the 
drill ' press stroke (do not use wood). Water should be sprayed on 
PUF is cut to help prevent snagging. After the plugs are cut, 

bottom of 
the die as 

they should 

the 
the 

be 
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·deionized water. Finally, 

The rinsed PUF plugs should be placed in a polyethylene plastic bag and 
delivered to the Analytical Support Branch extraction laboratory for preparation 
of the PUF/XAD·2 cartridges. The extraction laboratory will be given a mininun 
·of three weeks notice for cleaning and checking the PUF/XAD-2 ·cartridges. The 
cleaned PUF/XAD-2 cartridges should be wrapped in al~inun foil and packed in 
metal cans cushioned by cleaned polyurethane foam to prevent breakage during 
shipment. Prepared PUF/XAD-2 saqJle cartridges that are pre-packed in solvent 
washed metal cans ·will be obtained from the extraction laboratory prior to 
sal!l)l ing. The cans should be · packed inside coolers which are · 'lined with 
polyurethane foam for shipment. 

for 
4.13.3.3 

all High 
Samle 

Volume PUF 
Collection 

SaqJl ing. 
•• The following procedures will 

Nylon gloves will be used when handling all PUF cartridges 

be followed 

and quartz 
particulate pre-filters. Assure that the red silicon upper and lower gaskets, 
located in the cartridge housing, are in place. Then remove the PUF cartridge 
from the shipping can, remove from the foil and insert the, cartridge . into the 

·High Volume PUF SaqJler•s chamber. The pre-filter .. should· be· installed in the 
filter holder using caution not to over tighten the · fittings. The foil should 
be sealed back in the shipping can. The can should be labeled with site ID, 
operators name, and s~le date, and placed in the High Volume PUF sal!l)ler 
enclosure until the s~le is collected. 

The High Volune PUF s~ler should be turned 
minutes. An flowrate should be recorded 

on and all owed 
the s~le 

to 
data 

run for 
sheet. 

two 
The 

timer should 
initial 
be set to turn the s~ler on and 

on 
off at the desired times. 

The operator should collect the Sllll'ple as soon as possible after the 
sa~l ing period ends. The Sllll'pler should be manually turned on and · allowed to 
run for two minutes. A final flowrate should be recorded on the san.,le data 
sheet. The final flowrate should be at least 150 I iters per minute. The PUF 
cartridge should be removed, and the quartz . pre·fil ter folded and placed in the 
~ of the PUF cartridge. The PUF cartridge and pre·fll ter should be re-wrapped 
in the original aluminun foil and placed . back in the shipping can. The can 
should be tightly sealed. Complete the s~le data sheet and Chain-Of-Custody 
Record and seal the shipping can with a s~le custody seal. Finally, the 
shipping can containing the s~le should · · be placed in a cooler containing frozen 
eutectic salt packs (at 11 nominal t~rature of - 4° C). When ell s~les are 
collected from all sites, the cooler should be sealed with s~le custody tape 
for transport back to the ASB. 

4.13.3.4 Analytical Support 
at the Athens ASB laboratory, · the 
in a refrigerator until subnitt.ed 

Branch 
s~les 

to the 

Upon arrival of the metal 
shall be stored fn · the metal 
chemist for extraction. 

4.13.4 Sanpl ing For Metals Using The High Volune S!IIIJ)ler 

container 
container 
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~ The .. following is a synop5is 

adhered to for the sa~l ing · of metals 
40 CFR. PART SO, APPENDIX B • Reference 
Particulate Matter In The Atmosphere 
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of procedures which should 
in air. This surmary is 

Method · For The Determination 
CHigh Volume Method>. and 40 

CFR. PART so. APPENDIX G • Reference Method For The Determination . Of Lead In 
suspended Particulate Matter Collected ·From Arrbient Air. 

The following proc:edJres . -..st be followed for collectir19 
saq>les for Etals analyses with the High VolUE 

in preparation 
S8111pler. 

the 
PART 

• 

• 

4.13.3.4 

All filters 
Distribution 
State· and 

Prior to 
desiccated 
hunidity, 

used will 
Program, 

Local Agency 

be 
and 
Air 

supplied 
of the same 
Monitoring 

by the 
quality 

Stations. 

use, all filters will be checked 
at 1S°C • 30°C, t 3°C, and less than 

t 5 percent, for at least.. 24 hours. 

EPA 
as 

National 
supplied 

Filter 
to the 

for pinholes, and 
50 percent relative 

A filter field blank 
blanks 

will 
.will 

be 
be 

taken to the 
by 

field, but not exposed. 
Filter field analyzed the Analytical 
Branch (ASB) ·to determine the background concentration 
The nurrber of filter blanks · will be determined based on 
of sa~les collected, or one blank for each . ten sa~les 

Chain·of·custody must be maintained . for all s~les. 

Support 
of metals. 
the nurrber 
collected. 

Sanple Collection Procedures •• Sa~les will .be collected 
High Volume s~ler 

B: 
as described, operated in accordance with 

using 
40 CFR, 

SO, . APPENDIX 

• 

• 

All flow calibration 
Rootsmeter. 

be traceable 
corrected to 

to a 
EPA 

Primary 
Standard Standard 

T~rature and Pressure 

orifices 
Flows 

C2S0c 

will 
will be 

and 760 mn Hg). 

used to determine flow rates will be checked Digital 
against 

manometers 
a U·Tube water manometer prior to . use in each study. 

Air· Comp~iance Unit persomel will remove a 2·inch strip of the 
exposed . filter from one end and discard it. Two 1·inch· strips will 
be cut from the same end end transported - to the ASB for analysis. 

4.13.4.3 
be followed 

Integrated Sanple Collection 
to collect time integrated s~les: 

The following procedures should 

• 

• 

.Initial 
orifice 

and final flow 
end a digital 

After the 
lengthwise 
placed in 

s~le . has 
and. placed 

en envelope 

rates will be determined with a· calibrated 
manometer. 

been collected, 
in a filter holder. 
end the envelope 

the filter 
The filter 

sealed. 

will be 

holder 
folded 

is then 
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• A Chain·Of·Custody Record should be -cOII'pleted which contains the 
time of sampling, . the sampling 

sample. 
interval, and the signature of the 

After. 
appropriate 
container. 
to the ASB 

person taking the 

sample· 
container. 

Filters 

collection, all sample 
An EPA chain-of-custody 

will be cut by the Analytical 
for analysis. 

4.13.5 Sanpling and Analvsis of Mercury 

envelopes 
seal 

Support 

will 
will 
Branch 

be 
be 

placed in 
placed on 

and transported 

Air Using Arizona Instrument• 
Mercury Dosimeter Tubes and the Model 511 Gold Film Mercury Vapor 
Analyzer 

an 
the 

4.13.5.1 General •• The following is a synopsis of procedures which should 
be strictly 
air. This 

adhered . to for the S&lq:)l ing and analysis of mercury (Hg) in arrbient 
summary is adapted from · the Arizona Instruments• (AZI), Model 511, 

Gold Film Mercury Vapor Analyzer Manual. 

The following generic procedures should be adhered to at all tinies: 

• Chain-of-cUstody shall be maintained for all samples 

• A mininun of one trip blri shall be transported per one to ten 
samples collected. 

• All mercury dosimeter tubes shall be cleaned and analyzed each 
sample day prior to use. 

4.13.5.2 Dosimeter Cleanuo -- Each dosimeter tube should be connected to 
the AZI• model 412 dosimeter controller and AZI• ·Gold Film Mercury ·Analyzer as 
shown in Figure 1 of the AZI• model 511 Mercury Analyzer Operation Manual. The 
mercury analyzer analysis cycle should be started and i~iately 

dosimeter controller's START button should be depressed. This 
gold plated wire inside the dosimeter tube to heat up and liberate 
mercury that forms an amalgam on the gold plated wire inside 

afterward the 
will cause the 

any elemental 
the _ dosimeter. 

Continue this cycle until less than 2 ng of Hg is detected from ttie dosimeter 
tube. Remove the clean dosimeter tube from the dosimeter controller, tag it with 
the cleanup date and operators name, and connect the inlet and outlet dosimeter 
ports together with a clean - 8·inch section of 3/16" ID x 1/16" wall Tygone 
tubing (this effectively caps the dosimeter tube). 

4.13.5.3 Sanple Collection -- Each sampling ~ will be calibrated with 
a mass flow meter before and after each sampling event. Connected the dosimeter 
to the battery powered sampling ~ with Tygonlt tubing. Adjust the sampling 
~ to obtain a flowrate of SO cc/min. The sampling interval should not extend 
beyond 8 hours. The following steps should be followed to collect each sample. 

• Disconnect 
connect 

one · end of· the Tygonlt tubing from the dosimeter tube and 
it to the battery powered sampling ~-
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Program the · ~ to run the desired numer of hours. Position 
of 

start 

the 
flow. 
time, 

dosimeter tube ·inlet so that there is no obstruction 

Record the. dosimeter tube numer, site ID, s~le date, 

and initial flowrate on the s~le data form. 

As soon as possible after th~ sa!l1)l ing 
tubing from the sa!l1)le ~ and connect 
of dosimeter tube. Record the elapsed 
Check the ending flowrate with a mass 

the s~le data form. 

event, 
the 

time 
flow 

Sample Analysis Before any mercury 

discomect 
loose end 
from the 

meter and 

the Tygon8 
to the inlet 

purp display. 
record it on 

of dosimeter 

the Azre model 511 . should be calibrated. The Azre 

analysis 

model 511 should only 
be used under 

and used 
be new. 

laboratory conditions. All glassware should be scrupulously 
cleaned 
should 
model 

exclusively for mercury analysis. All tygon tubing that is used 
The following calibration procedure is adapted from the Azre 

511 operation manual: 

Calibration 

.. 

• 

• 

• 

• 

Calibration 
a mercuric 
liberates 

. an i!l1)inger 

of the AZ18 model 
chloride standard 

elemental mercury. 
for analysis in 

511 is aCCO!I1)lished by the reaction of 
solution with stamous chloride which 
The elemental mercury is sparged from 

the mercury analyzer. 

Before cal I brat ion, . . a film heat cycle should be initiated to clean 
the mercury enalyzer sensor. 

Fresh working 100 ng/ml mercuric chloride standards should be 

prepared daily from a 1000 ug/ml stock solution. From the 100 ng/ml 
working standard, calibration standards of 10 ng/ml, 20 ng/ml, and 
40 ng/ml should be prepared. Use the procedure outlined in the Azre 

operation manual to . introduce the stannous chloride solution into 
the i!l1)inger containing . the 40 ng/ml standard. IMMEDIATELY depress 
the SAMPLE START button on the ·· analyzer. Use the cal ibratfon 
potentiometer to adjust ·the analyzer to read 40. Analyze the 10, 
20, and 40 ng/ml standards to verify that the calibration curve is 
linear. All analyzer readings should be within 2 ng of the actual 
values of the standards. Record the readings In the logbook. 

Once the 
dosimeter 
zero ffl ter 
press the 
controller 
logbook. 

·mercury analyzer is calibrated, 
tube to the model 412 

to the inlet of the 
mercury analyzer SAMPLE 

dosimeter 
dosimeter 

START 

cornect 
controller. 

tube. 
button and 

· START button. Record the analyzer reading 
Repeat this sequence three times and sum the 

value 
tube. 

is the total ng of mercury that was captured on 

an exposed 
Cornect a 

Sirrultaneously 
the dosimeter 
(in ng) In the 
values. This 
the dosimeter 

Divide 
volune 
mercury 

the sum 
of af r 
present 

of .the · mercury 
sll!l1)led . (in 

in ug/~. 

analyzer 
liters) 

readings 
to give 

(in ng) by the 
the concentration 

total 
of 
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4.13.6 Dioxin and · Dfbenzofuran Sarrpl ing Uhh High Volune PUF Sanplers Using 
Method T0·9 

4.13.6.1 ~ •• The following is a synopsis of procedures which should 
be strictly adhered to for use of the High Volune Polyurethane Foam CPUF) 
sarrpl ing method for sampling for polychlorinated dfbenzo·p·dioxins and 
dibenzofurans. 
METHOOS FOR 

This s1.1111111ry is adapted from Method T0·9 of the COMPENDIUM OF 
THE DETERMINATION OF TOXIC ORGANIC COMPOUNDS IN ·AMBIENT AIR. 

Since this method requires High-Resolution Mass Spectrometry which ESD does 
not have, all sample media preparation and analysis will have to be contracted. 
At least one months notice prior to sampling should be given to the Analytical 
Support Branch to obtain a contract laboratory program CCLP) contract for 

specify 
any 

dioxin and dibenzofuran analysis. It is iqx,rtant that the contract a 
nulber of details to assure accurate results: 

• All of the PUF media and a representative nutber of each· batch of 

• 

• 

quartz pre·fi l ters should be checked by the contract laboratory to 
· assure that there is no contamination. Each PUF plug should be pre· 

spiked by the contract laboratory with dioxin and dibenzofuran 
surrogates as . a check of the accuracy of the method. 

Each set of PUF plugs and quartz filters should be securely packed 
in sealed 
shipment. 
minimize the 

containers and in 
The sarrpl ing media 

time between cleanup 

coolers to prevent damage during 
should be shipped air freight ·to 

and .. sampling. 

Chain·of·custody shall be maintained for all samples • 

all 
4.13.6.2 

High Volune 
Sarrple Collection 
PUF sampling for 

· •• The following procedure will be followed for· 
dioxins and dibenzofurans. 

Nylon 
particulate 

gloves will 
pre-filters. 

be used when handling ·all PUF cartridges and quartz 
Assure that the red silicon upper ·and lower gaskets are 

in place in. the PUF cartridge housing. Remove the PUF cartridge from the 
shipping can. Unwrap and insert the PUF cartridge into the High ·volune CHi ·Vol> 
PUF sampler's chaniJer. Install the pre·ffl ter in the filter holder using caution 
not to over tighten the fittings. The removed aluminum · foil should be sealed in 
the shipping container. The container should be labeled with the site ID, the 
operators name, and the sample. date, and placed in the Hi ·Vol PUF. sampler 
enclosure until the sample is ·collected. The Hi ·Vol PUF sampler should be turned 
on and allowed to run for .two minutes. An initial flowrate should be recorded 
on the sample data sheet. The timer should be set to tum the sampler· on and off 
at the desired times. 

The operator should collect the sample · as soon as possible after the 
sarrpl ing period ends. The sampler should be manually turned on and allowed to 
run for two minutes and a fine~ flowrate recorded on the sample data sheet. The 
final flowrate should be at least· 150 l fters/minute. The PUF cartridge should 
be removed, and the quartz pre·fi l ter folded and ?laced in the .!21! of the PUF 
cartridge. The PUF cartridge and pre-filter should be re-wrapped in the original 
aluminum foil and placed back in the shipping container and the container should 
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be tightly sealed. COfi'4Jlete the sarrple data and sarrple custody sheets. Each 
shipping container should have a saft1)le custody seal. Finally, the shipping 
container containing the saft1)le should be placed in a cooler containing frozen 
eutectic salt packs (at a naninal tefl1)erature of - 4° C). \lhen all sarrples are 
collected from all·. sites, ·the cooler should be sealed with sarrple custody tape 
for shipnent to the contract laboratory. 

4.13.6.3 _,.C,..on"'t..,r_,a:.::C.:.t_--=:L:.::a:.::bo::::.r:..:a::.:t:.::o::..r.z.v Upon 
contract laboratory, the . sarrples shall be 
refrigerator until submitted to the chemist 

arrival 
stored 

for 

of the metal 
in the metal 

extraction. 

container 
container 

at the. 
in a 
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4.14 CRITERIA POLLUTANT MONITORING (REFERENCE MONITORS) 

4. 14.1 Monitoring Ozone In Arrbient Air 

4. 14.1. 1 General •• The following is a synopsis of procedures which should 
be strictly adhered to for the monitoring of ozone in air. This SUTIIIBry iS 
adapted from 40 CFR 50, APPENDIX D Measurement 
Procedure For The Measurement Of Ozone In The 

Principle 
Atmosphere 

and 
and 

Calibration 
the Quality 

Assurance Handbook for Air Pollution Measurement Systems. Volune II. . Section 2.7 
(EPA·600/4·77·027a). 

The followi~ -..st be followed in .anitorir11 for OZone in 
&abient air: 

• Calibration systems will meet 40 CFR, Part so, Appendix D 
specificatiOns for a Primary Standard Calibration Photometer. 

• Calibration systems will be verified against the National Bureau of 
Standards (NBS) Standard Reference Photometer #10 before use. 

• Monitor enclosures will meet the specifications of monitor 
reference/equivalent designation for t~rature control. 

• Probes - nust meet the 
s~le 

requirements stated in 40 CFR, Part 58 for 

• 

• 

materials and residence 

flow calibrations 
will be corrected 

and 760 nm Hg), 

will 
to 

be 
EPA 

time. 

traceable 
Standard 

to a Primary 
T~rature and 

Chain-of-custody nust be maintained at all times. 

Standard. 
Pressure 

4.14.1.2 Monitoring Procedure Measurements will 
40 CFR, 

be made 

PART SO, 
using the 

procedure as described, and operated in accordance with APPENDIX 
D: 

• 

• 

• 

• 

• 

Monitors 
and at 

Monitors 
qual fty 
exists. 

will 
least 

be calibrated at the 
quarterly during the 

will be calibrated after 

begiming 
study. 

assurance (QA) check shows 
major 

an 

and end of each study, 

maintenance 
out-of-control 

or when 
condition 

A zero/span check will be conducted daily on all monitors. 

Precision 

Qual fty 
A will 
studies. 

checks of all monitors wf ll be conducted 

assurance 
be conducted 

. audits as 
quarterly, 

specified 
or at 

in 40 CFR, 
least once 

at least weekly. 

Part 58, 
for short 

Appendix 
duration 

a 
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verified using 
aMUally. 

4.14.2.3 Integrated Sarrple Collection The following procedures should 

be followed to collect time integrated .saqlles: 

• Initial and final flow rate will be . determined with a digital 

manometer based on the manufacturer's flow rate look-up table. 

• S81J"4)le is collected, will be folded lengthwise 

a 

After the 
and placed 
an envelope 

in a filter holder. 
the filter 

The filter 
sealed. 

holder is then placed in 

and the envelope 

• A Chain·Of·Custody Record should be Ceqlleted detailing 
· saqll ing and the saqll ing interval, and the signature · 
taking the S81J"4)le. 

the time of 
of the person 

the Saqlle 
container. 

are 
An 

After 
appropriate 
container and the container 

of filters •. 

collected, all S81J"4)le envelopes 
EPA chain·of·custody seal will 

transported to the Athens, Georgia 

will be placed 
be placed 

in an 
on the 

facility for final 
weighing 

4.14.3 Sanpl ing Of Particulate Matter In Air As PM10 

4.14.3. 1 . General •• The following is a synopsis of procedures 
be strictly adhered to for the saqlling of particulate matter as 

which should 
PM10 in air. 

This surmary is adapted from 40 CFR. PART 50. APPENDIX J • Reference Method For 
The Determination Of Particulate Matter as PM10 In The Atmosphere and the 

Volume IL Quality Assurance Handbook for Air Pollution Measurement Systems, 
Section 2.11 CEPA·600/4·77·027a). 

matter 
The following procedures IIIJst be followed in S81J1)l i ng for particulate 

• 

• 

• 

• 

• 

as PM10: 

All filters 
Distribution 
State and 

used will 
Program, 

Local Agency 

be supplied 
and 
~ir 

of the same 
Monitoring 

by the EPA 
quality liS 

Stations. 

National 
supplied 

Filter 
to the 

Prior to use, all filters will be checked for pinholes, and 
desiccated 
humidity 

at 15°c • 30°c t 3°C, and 
for at least 

less than 50 percent relative 
t 5 percent, 24 hours. 

Initial and final 
Air Ceqlliance 
quality assurance 
be reweighed • 

After sampling, 

Chain·of·custody 

(exposed) filter weights 
Unit. One of ten filters 

check. For batches less 

fj l ters will be desiccated 

will 
will 

than 

be determined 
be reweighed 

ten, one filter 

as described above • 

IIIJSt be maintained for all samples. 

by the 
as a 
will 
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4.14.3.2 Sa!!J2le Collection S8Jil)les will be collected ·using the High 
Volune 
APPENDIX 

s8Jil)ler 
J: 

as described, and operated in accordance with, 40 CFR, PART 50, 

• 

• 

• 

4.14.3.3 
be followed 

• 

• 

• 

• 

All flow 
Standard 
Teq,erature 

calibration 
Rootsmeter. 

orifices 
Flows 

c2s0c 

will 
will be 
and ·760 

be traceable 
corrected to 

to a 
EPA 

Primary 
Standard 

and Pressure mn Hg). 

Digital 
against 

manometers used for flow rate determination will be checked 
a U•Tube water manometer prior to use in each study. 

Volunetric flow controllers will be used 
will be determined using the manUfacturer's 
supplied with the controllers (Section 
look·up tables will be verified using 
routine basis, or at least annually. 

Integrated Sa!!J2le Collection The 
to collect time integrated S8Jil)les: 

Initial 
on the 

flow rate will 
manufacturer's 

be determined with 
flow rate look·up 

on all PM10 s.~lers. 

flow rate look·up 
No. 4.14.2.2). Flow 

a calibrated orifice 

following 

a digital 
table. 

procedures 

manometer 

Final flow rate will be determined with the same method • 

Flows 
table 

rate 
on 

should 

based 

will be. folded lengthwise 

a 

After the sample 
and placed in a 

is collected, 
filter holder. 

the filter 
The ffl ter 

sealed. 
holder is then placed in 

an envelope and the envelope 

A Chain·Of·Custody 
sampling and the 
taking the sample. 

sample collection 

Record 
sampling 

should be c~leted 

interval, and the 

all sample envelopes 
container. An EPA chain•of•custody seal 

detailing 
signature 

will 
will 

the 
of the 

time of 
person 

After 
appropriate 
container 
·weighing 

and the container 
of filters. 

transported to the Athens, Georgia 

be placed 
be placed 
facility 

in an 
on the 

for final 
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4.15 SATURATION MONITORING (NON·REFERENCE MONITORS) 

4.15.1 Pm10 . Saturation ·Monitoring Using Non-Reference Portable 

4.15.1.1 
PH10 Saturation 

Introduction This· document gives procedures 
Monitors constructed by Lane Regional Air 

Authority located in Springfield, Oregon. These .anitors are 
the U.S. EPA. 

4.15.1.2 
items: 

General Description 

Description 

Saq:>ler Body 

PM1D Head 
Filter Holders 
Rechargeable 
Battery 
Saq:>ler 
Storage 

Charger 
Hanger 
Boxes 

Battery 

• • Each monitor 

Packs 

1 

1 
2 
2 

2 

is shipped 
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Monitors 

.• for use of the 
Pollution Control 
not referenced by 

with . the following 

Procedures for siting requirements, monitor calibration, filter media 
and inspection and preparation, saq:>ler preparation, and battery pack preparation 

changing are. discussed in Appendix 0 of the manufacturers Operations Manual. 

4.15.1.3 Calibrations .. Calibrations will be performed before and after 
each study for each saq:>ler. Recal ibration will be performed before field use 
on units which require major maintenance. Detailed calibration procedures are 
given in Appendix 0 of the manufacturers Operation Manual. 

4. 15. 1 • 4 .:::S,:::anp~l..:.i~ng::r-._.:.P.:.r:::::oc:.:ed=u~re This saq:>l ing technique does not cCJ~rpl y 
with EPA's arrbient air monitoring regulations for PM10 saq:>l ing. The method has 
been shown to represent effective end efficient means · for the collection of 
quality PH10 data. 

Sllq)le Preparation: 

• Filters will 
filters will 

• · Each filter 

• Each battery 

Sllq)le Collection: 

be kept in 
be visually 

protective 
inspected 

will have en ID nurber 

will ::. be checked before 

cassettes. 
for defects. 

assigned · to 

load· out. 

• · Record information on Date Sheets. 

• Install clean filter, and start system to dleclt 

• Set initial flow to 5 LJ•in, and stop system • 

Prior to use, all 

it • 

for leaks. 
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• Input timer program, and verify. 

• Input pulse factor into calculator, and start system. 

~le Retrieval:· 

• 

• 

• 

~le 

• 

• 

• 

Start system, and record 

Note the ending Sllqll ing 
Sheets. 

Remove and. replace sarr.,le 

Preservation: 

the ending flow rate. 

conditions, and record any problems on Data 

filter following the double bag procedure. 

Extreme care ll'liSt be taken in removing exposed ffl ters and reloading 
of filter heads. 

Filters will .be returned to the original Sllfi'Ple cassettes, and the 
ID nurber verified. 

Coq:llete data sheets and store them and the filter sllq)les in a 
container sealed with custody tape. 

4.15.1.5 Sanple Custodv Chain·of·custody will be followed at all times 
during 
3.3, of 

the SB111Jl ing study. Chain·of·custody procedures 
this manual. 

. can be fOI.rd in Section 

4.15.2 Carbon Monoxide Saturation Monitoring 

RESERVED 
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5. 0 FLOU MEASUREMENT 

5.1 INTRODUCTION 

The · measurement of flow with surface water ·and wastewater sa~Tpl ing is 

essential to almost all water pollution .control activities. Activities such as 

water quality enforcement studies, NPDES permit c~l iance monitoring, water. 
quality monitoring, lllJnicipal operation and maintenance investigations, planning, 
and research rely on accurate flow measurement data. The ill'pOrtance of obtaining 
accurate flow data · cannot be over~asized, particularly with respect to 
enforcement investigations since these data will be used ·as evidence in 
enforcement case preparation. NPDES permits often limit' the cjuantity · (mass 
loading) of a particular pollutant that may be discharged, and the calculation 
of mass loadings are also frequently .necessary for water quality studies and 
other purposes. As IIUCh attention and care should be given to flow measurement 
in the design of a sarrpl ing program as to the collection of sa~Tples and their 
subsequent laboratory analysis. · 

The basic objectives of this section are to: 

• outline standard practices for Branch personnel with .respect to 
wastewater flow measurements . during water enforcement and NPDES 
c~liance monitoring activities and other studies where wastewater 
flow measurements are required; 

outline standard practices for obtaining surface water flow during 
water quality surveys; 

• present acceptable,. conmonly used flow,. measurement techniques; and 

• present general 
flow measurement 

and specific 
equipment 

quality assurance procedures for Branch 

theory 
A c~lete 

behind 
common techniques 

discussion of all 
them is beyond the 

currently In use 

and techniques. 

available flow measurement techniques and the 
scope of this manual. However, most of the 
are covered terms. A c~rehensive 

list of references is included at the end 
in general 
of this 
be. fO\nf 

section and a detailed 
discussion of flow measurement techniques may 

5.2 \IASTEIIATER FLO\/ MEASUREMENT 

5.2.1 

The USDI \later Measurement Manual (1) is 
details on checking the installation of primary 
guidance for malting wastewater flow measurements 
common wastewater flow measurement systems 
lns~ction Manual,· May 1988 (2). This manual 
for such measurements. 

5.2.2 Site Selection 

in the references. 

the standard 
open channel 

and a basic 
are given in 

shall be used 

Branch 
flow 

reference 
devices. 

for 
Basic 

description of all 
the EPA Compliance 
as .Branch guidance 
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. It is the field investigator's responsibility to insure that the wastewater 
flow measurement system or technique used measures the total wastewater 
discharged (described by the NPDES permit, if applicable). All recycled waters 
rust be accounted for so that any reported flows accurately reflect the volune 
of wastewaters discharged. The actual location of wastewater. flow measurement 
is not i~J1Xlrtant so long as these criterill are met, and the· location chosen is 
suitable for the technique or flow measurement system utit ized to actually 
measure flow. 

5.2.3 flow Measurement Systems 

Flow may be measured on an instantaneous or a continuous basis. A typical 
continuous system consists of a primary flow device, a flow .sensor, 

flow 
transmitting 
measurements equipment, a recorder,· and possibly a totalizer. Instantaneous 

can be obtained without using such a system. 

The heart of a typical continuous . flow measurement system is the primary 
·flow device. This device . is constructed to produce predictable hydraulic re· 
sponses which are related to the flow rate of water or wastewater , through it. 
Exa""les of such devices include .weirs and flunes which relate water depth (head) 
to flow, Venturi and orifice type meters which relate differential pressure to 
flow, and magnetic flow meters which relate induced electric voltage to flow. 
Standard primary flow devices have ~ergone detailed testing and experimenta· 
tion, and their accuracy has been verified. 

A flow 
the primary 
Typically, 
differential 

sensor is required to measure the partfcular hydraulic responses of 
flow measurement device and transmit them to the recording system. 

sensors include floats, pressure transducers, capacitance probes, 
pressure cells, electromagnetic celts, etc. 

The sensor signal is generally · converted using mechanical, electromechani· 
cal, or electronic sys terns · into U"' its of flow which are recorded directly on a 
chart or transmitted 
generally equipped 

into a data system. 
with a flow totalizer 

Systems which utilize a recorder are 
which displays the total flow on a real 

time basis. 

Studies that necessitate continuous flow measurements require a c~lete 

system. Instantaneous 
any portion of such 

flow measurements do not necessarily dictate the use of 
a system. Techniques which are described later in .this 

are available for measuring instantaneous flows with portable equipment. 

An important consideration during wastewater studies is that the invest i • 
gator 
taneous 
utilized 
portable 
facility 

may want to obtain continuous 
flow data are being measured. 

for making instantaneous 
field sensor and recorder 
being investigated does 

continuous flow record is desired, 
be installed. ESD investigators 
conduit flow meters available for 
detail the installation of primary 
treat this area quite adequately. 

flow data at a fecit ity where only i"stan· 
If an open 

measurements, 
is necessary. 

not utfl ize 

channel primary flow devic~ is 
only the installation of a 

If, on the other hand, the 
a primary . flow device, and a 

a portable primary flow device will have to 
~ave both ope.., channel equipnent and closed 

field use. This chapter does not cover in 
flow devices, but many of the references cited 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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IJastewater flow measurement systems are generally very accurate. The total 

error inherent in a flow measuring system is the sun of each conponent part of 

the system. However, any system that caMOt measure the wastewater flow within 

! 10 percent of the actual . flow is considered unacceptable for use in measuring 

wastewater flow. 

5.2.4 Use of Existing Flow Measurement systems 

The installation of 
consuning. ta.sk, particularly 
Branch field persomel shall 

systems to measure wastewater 
if a primary device is not 
always use existing facility 

flows 
avai table. 

primary 
devices 

can be a time 
Therefore, 

flow devices 

and flow measurement systems when the accuracy of 
can be verified. The objective of this 

these 
section is to 

and the 
outline 

system 
the 

responsibilities of Branch field persomel in verifying the accuracy of existing 

primary flow devices and systems. 

The field nust verify that any· existing flow measurement 

system (including 
investigator 

primary flow device) utilized to measure wastewater flows 

conforms with recognized design and installation standards, and any deviation 

from standard conditions shall be thoroughly docunented. The accuracy of the 

primary flow device should be checked by making an independent "calibration" or 
flow measurement. If there or existing primary measuring 
device or if the device has 

is 
been 

flow 

no usable 
mislocated, 

device. 
the investigator 

flow 
shall atte!Tpt to 

install a portable primary 

If the discharger's flow measurement system is accurate within ! 10 percent 
of the actual flow, the investigator can use the installed system. The accuracy 
of flow sensors and recorders can be easily checked for open channel flow devices 
by making an instantaneous . measurement utfl izing the primary flow device and 
COIIl'aring this against the recorder reading. The accuracy of the recorder time. 
trace shall be checked by actually marking times on the flow chart and comparing 
these to the correct time. It is necessary to make an independent flow 
measurement when closed conduit systems nust be checked, although ESO inspectors 
have a closed conduit system CPolysonics) available. If the existing equipment 
cannot be calibrated in a timely manner, the investigator should install a 
portable flow sensor and recorder for .the duration of the investigation- The 
installation and use of such equipment is preferred over atte~Tpts to correct 
erroneous · flow measurement systems. The investigator should note the action 
taken in the study or inspection report and inform the discharger that the 

. equipment should be calibrated as soon as possible if flow is required . for 
calculating mass loadings or is itself a permit monitoring requirement. If non· 
standard primary flow devices are being used, data supporting the accuracy and 
precision of the methods being employed should be provided by the discharger. 

5.2.5 S~ciffc ··Techniques 

This section outlines and familiarizes the field investigator 
conmonl y used methods for wastewater flow measurements and the 
that will be encountered during field studies. Volunetric 
techniques are presented at the begi;,ing of this section, since 
cable to both open channel and closed conduit flow situations. 
methods are. grouped lllder categories dealing with open channels 

with the most 
primary 

and 
they 

devices 
dilution 

are appl i· 
The remaining 

and closed con-
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dui ts. The general method of checking individual primary flow devices is given, 

where applicable. Several estimation techniques are presented. However, it 

should be . recognized that flow estimates do not satisfy NPDES penmit monitoring 
requirements unless the penmit specifically states that this is penmissible. The 

following methods are included oril y to enable the field investigator to make 
accurate "flow estimates when necessary. 

5. 2.5. 1 -.V.;:;o.:.;l une=""t ... r ... i c;:;.... _ _..T ... e~ch""n"'"'i""gu=es Volunetric flow measurement techniques 

are among the si~lest and most accurate methods for · measuring flow. These 

technique~; basically involve the measurement of volune and/or the measurement of 

time required to fill a container of known size. 

5.2.5.1.1 Vessel Volunes The measurement of vessel volunes to obtain 
flow data is particularly applicable to batch wastewater discharges. Accurate 
measurements of the vessel volunes and the frequency that they · are ~ are all 
that is required. An accurate tape to verify vessel dimensions and a stop watch 
are the only required field equipment. The ~ Conpl iance Inspection Manual 
(2) is a useful reference on the equations for calculating volunes of various 
containers. 

5.2.5.1.2 Sump Pumps This measurement is made 
calculating 

the I'Uitle r 

by observing the s~ 

levels at "which the ~ cut on and off and the volune contained 
between these levels. This volune, along with of pump cycles, will 
give a good estimate of the daily wastewater flow. The inspector must also 
account for the quantity of wastewater that flows Into the s~ during the 
pumping cycle. 

5.2.5.1.3 Bucket and Stop \latch -- The bucket and stop watch technique is 
useful for the measurement of small wastewater flows. It is accur· 
to use. The only equipment required to make this measurement is a 

particularly 
ate and easy 
calibrated container (bucket, drun, tank, etc.) and a stop watch. A mini nun of 
10 seconds 
should· be 

to fill the container is reconmended. Three consecutive measurements 
made, and the results should be averaged. 

5.2.5.2 
measurements 
quantifiable 
specialized. 

Dilution 
are based 
property 

equipment, 
time consuning. However, 

Methods •• Dilution methods for 
the color, conductivity, on 

of an 
special 

injected tracer. The 

these 
attention 

techniques 
to detail by 

offer the 

water and wastewater 
fluorescence, or 

dilutiOn methods 
the investigator, 
tnvestigator: 

flow 
other 

require 
and are 

.. a method 
methods 

for making instantaneous flow measurements where other 

(2), 

• 

• 

The 
and 

are inappropriate . or i~ssible to use; 

a reference 
primary flow 
standard or 

a procedure 
systems. 

Turner Designs 
the Geological 

procedure of 
devices and 

are i~roperly 

high accuracy 
flow measurement 
installed; and 

to check 
systems 

to verify the accuracy of closed conduit 

in-situ those 
that are non-

flow measuring 

nomograph (3), the NPDES Compliance Inspection Manual 
Survey publication (4) outline reccnmended reference 

I 
I 
I 
I 
I 
I· 
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dilution method utilizing Rhodamine \.IT the preferred procedures. 
reference 
accuracy 

The 
procedure 

of flow 
to be utilized by Branch personnel 

dye is 
when· verifying the 

measurement systems. 

5.2.5.3 Open Channel Flow Measurements The measurement of wastewater 

flow in open channels is the most frecjuently encountered situation in field 

investigations. An open channel is defined as any open conduit, such as a 

channel or flune, or any closed conduit, such as a pipe, which is not flowing 

full. The most commonly encountered methods and primary flow devices used in 

measuring open channel ·wastewater flows are described in this section. Several 

flow estimation techniques are also presented. 

The measurement accuracies quoted in this section apply only to the 
specific method or to the primary flow device being discussed. The total error 
involved 
of each 

in · a continuous flow measurement system, which is the sun of the errors 
Coq:xlnent, is· beyond the scope of this discussion. The reader is 

referred 
discussion. 

to the list of references at the end of this chapter 

5.2.5.3.1 \./eirs A weir 
built according to specific design 
the flow of water. The theory of 
release of potential static energy 

.for weirs of specific geometry_ 

is basically defined 
standards across 

flow measurements 
to kinetic energy. 

as an overflow 
an ·open channel 

utilizing weirs 
Equations can 

which relate static head · to 

for such a 

structure 
to measure 

involve the 
be· derived 

water flow 
(discharge). \./eirs are generally classified into two general categories; broad 
crested and sharp crested. 

Broad crested weirs take the following 
coefficient c are given in hydraulic handbooks 
been independently calibrated, they are 
wastewater flow measurements. 

form; 
(5, 

usually 

Q=CLH312• Values for 
6). Unless such weirs 

not accurate enough 

the 
have 

for 

Sharp crested weirs are constructed in a wide variety of shapes; the most 
If such 

(1 ), they 
comment y · encountered are: V·notch, rectangular, and Cipolletti weirs. 

weirs are. constructed as outlined in the ~U~SD::.JI~..-...:"':.:a~t.::e;:..r_..:;M:,::e~ll~s~ur:..:eme=;.wn~t--..:;M!.!:a~n:!:!;ua~l 
are considered standard primary flow devices. 

All weirs should be inspected to determine if the weir inst11llation and 
construction conform to the conditions given in the USDI -\.later Me11surement Manual 
(1) 11nd provide a uniform influent flow distribution, 11nd the weir is placed 
squarely across the channel perpendicular to the. direction of flow. Useful tools 
for checking weir construction and installation include a carpenter's level, a 
framing. square, a measuring tape, and a staff gage. Any problems observed o;furing 
the inspection or study should be noted in the field log book. 

A set 
Measurement 

of weir 
Manual 

Is necessary 
Stevens \.later 

for calculating flows. The USDI \.later 
Resource Data Book 

Open Channel Flow 

tables 
(1), the 

Measurement Handbook (8) contain a COII1llete 
(7), and the !!£Q 

set of tables. 

5.2.5.3.2 
to those 
throat 

that 
should 

~ •• The conditions 
occur at a weir or spillway 
not be i~ by downstream 

that nust be met In a flune are similar 
crest since water passing through the 

conditions (constrictions, · bends In 
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Palmer·Bowlus, 

Cutthroat, H, and Trapezoidal, but the most widely used is the Parshall flunc:. 

The Parshall 
and installed 
discussion 

flune is considered a standard primary flow device 
as outlined in the ~U:::lSD::.ll~__..:\l~a:..::t.::.e:..r_~M::::e.::.as::..:u..,r~eme=n"'t,__ __ M""a..,n""u:.:a~l 

of other types of flunes is given in references 9, 

when constructed 
(1). A c~lete 
10, 11, and 12. 

All flunes should be inspected to determine if entrance conditions provide 

a uniform influent flow distribution, the flune dimensions conform tc) those given 
in the USDI 
level, and 

\later Measurement Manual (1), the flune converging throat section is 
the throat section walls are vertical. useful tools for checking the 

construction and installation of Parshall (and other) flunes include a 
carpenter's 
closely 

level, a framing square, and a measuring tape. The flune should be 
examined to determine if it is discharging freely. If there is any 

question 
c~ared 

about free discharge, the downstream head CHb) should be measured and 
to the head at the ·proper location CHa) in· the converging section. A 

staff 
the 

gage is useful for making head measurements. Any problems observed during 
inspection or study should be noted in the field log book. 

A set of flune tables is necessary for calculating flows. 
Measurement Manual (1), the Stevens \later Resources Data Book (7), 
Open Channel Flow Measurement Handbook (8) contain a c~lete set 

The USDI 
and the 

of tables. 

\later 
l,gQ 

The 
explanatory material acc~nying these tables should be read and U'lderstood 
before they are used. In many cases, tabulated· flow values are given for 
measured heads that are not within the usable 

Kennison 
a flow 
nozzle 

5.2.5.3.3 Open Flow Nozzles 
nozzles are factory calibrated 

Calibration 

Open 

and 
and measurement system. 

should be suppl led by or obtained from 
to be often better 

measurement range. 

flow nozzles such as parabolic or 
are ordinarily supplied as part of 
installation information for each 
the manufacturer. The accuracy of 
than ! 5 percent of the Indicated these 

flow 
devices 

(10). 
is reported 

A framing square is· useful for checking th·e installation. A 

if flow volunetrlc 
volunes 

flow , measurement 
are not excessive. 

11111y be used to check accuracy of this device 

5.2.5.3.4 Velocity-Area Method The basic principal of this method is 
that the flow In a chamel (cubic feet/second) Is equal to the average velocity 
(feet/second) times the cross sectional area (square feet) of the chamel. The 
velocity of the water or wastewater is determined with a current meter; the area 
of the chamel is either measured or calculated using an approximation technique 
in conjunction with a series of velocity measurements. The USGS mid-section 
method and the stream gaging techniques described in the USGS publIcation, 
Discharge Measurements at Gagfns Stations (9) shall be the standard practice of 
the Branch. This technique shall be used (where appropriate) as an inclepe=-tent 
flow measurement to verify the accuracy of existing flow measurement systems. 

5.2.5.3.5 .. s.:.;lo,..pe=-·:;:;Ar:.:e:.:a.___ .... M...,et'""h.:.:od;; •• The slope·area method 
SlOpe Of the Water SUrface, in a wtifOrm reaCh Of Chamel 1 

consists 
and the 

sectional area of that reach, t~ estimate the flow rate of an open 

This flow rate is estimated from the ·Maming formula (5, 6). 
estimation technique. 

5.2.6 Clos!d Conduit Flow Measurements 

of using the 
average cross· 

chamel. The 
method is an 

I 
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The 

necessary, 

accuracy of closed coridui t 

by making an irideperident 

flow measuring 

flow measurement, 

devices shall be checked when 

preferably using a dilution 

· technique. 

5.2.6.1 Venturi Meter The Venturi 

a .differential 

of a Venturi 

meter efll)loys a conversion of .static 

head to velocity head whereby is created that is proportional to 

flow. The typical accuracy meter is given . at 1 to 2 percent (10, . 

11, 12, arid 13). 

5.2.6.2 Orifice Meter •• The Orifice meter is a pressure differential 

vice that measures · flow by the difference in static head. Orifice meters 

from 40 to 60 pipe diameters of straight pipe upstream of the installation. 

de· 

require 

They 

can be quite accurate; · i.e., within 0.5 percent, although their usable range . is 

limited (10). 

5.2.6.3 Flow Nozzle The basic principle of operation same as 

that of the Venturi meter. The flow nozzle has an entrance section 

nozzle 

is the 

arid a throat, 

but lacks the diverging section of. the Venturi. Flow 

approach those of Venturi meters (10). 

5.2.6.4 ,.E""I e::,:C:.:t:.:.r_,.oma=g:z.:n.:::e:.ot..:.i ::,c __ .....,:F...:I_,.o~w-~Me::..t:..:e:.:..r • • The e I ect romagnet i c 
ates according to Faraday's ·Law of Iriduction where the conductor. 
stream, arid the field is produced ' by a set of electromagnetic 
accuracy of the device is within ! 1 percent of full scale C1D). 

accuracies can 

flow meter 

is the 

col Is. 

oper· 

liquid 

The 

5.2.6.5 Other Closed Coriduct · Devices References for other closed con· 
duit 

P\J1'P 

flow measurement methods 

curves, and water meters 
such 

can 

as acoustic 

be found in 

flow meters, ~rajectory methods, 

the ~NP~D~E~S~~C=omp~l~i_,.a~n::..ce::....-~l~n~see~c~t..:.i~on 
~ (2). 

5.3 SURFACE WATER FLOW MEASUREMENTS 

5.3.1 

Surface waters are considered to be· open channel for flow measurement 

purposes. All of the techniques · · utilized by Branch personnel to measure open 

chaMel flows have been discussed in the . wastewater flow measurement portion of 
this section. Except for ·very small surface streams, the installation of primary . 

flow devices is not practical. Host surface water flow measurements are made 

utilizing classical stream gaging techniques. ·These techniques involve . the use 
of the· velocity-area open channel technique which · was discussed fn the wastewater 

portion of this section. Branch personnel shall use the techniques . outlined in 

the USGS publication Discharge Measurements at Gaging Stations (9) to: 

• select the .flow measuring site; 

• perform stream gaging; arid 

• calculate flow. 

5.3.2 Techniques 
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\/here possible Branch stream studies shall be conducted utilizing existing 
permanent stream gaging stations operated by the USGS, the U. S. Army COE, or 
other federal or state agencies. These permanent gaging stations have estab· 
l I shed water stage • discharge relationships that permit the flow to be obtained 
from water stage measurements. Staff gage or recorder -readings of water stage 

curve for. that 
of the permanent 

at these stations may be converted to flow by using the_ rating 
gaging station. The rating curve is available from the operator 
gaging station. An additional benefit of utilizing these permanent gaging 
stations is that long·term flow records are generally available. These long· term 
flow records are invaluable in · plaming water quality studies and assessing data 
trends. 

\/here permanent gaging stations are not present, surface water flow will 
have to be measured utilizing classical stream gaging techniques. If a station 
is to be used more than one time during a water quality survey, a rating curve 
should be developed for that station. This may be done by malc.ing a series of 
independent flow measurements and simultaneous tape down or staff gage 
measurements for that station (see Section 7) at different water levels. The 
rating curve is developed utili zing the same measurement section each time; 
least two, preferably three, flow 
flow measurements used to develop 

measurement 
the rating 

• tape downs should 
curve must bracket 

be made. 
the lowest 

curve 
a piece 

at 
The 
and 

is 
of 

highest flows encountered during the study. A tape-down rating 
constructed by plotting the tape·down measurements verses flows on 
semi·log graph paper. 

5.4 GENERAL QUALITY ASSURANCE PROCEDURES 

All Branch persomel shall use the techniques and procedures for malc.ing 
The wastewater and surface water flow measurements outlined in this section. 

USDI Uater Measurement Manual (1), the USGS publication Discharge Measurements 
at Gaqfnq Stations (9), the EPA NPDES Corrpl lance lnsoection Manual (2) and a set 
of weir and flume tables shall be · suppl fed to all Branch field employees. How· 
ever, the measurements of wastewater and water flows require considerable exper· 
fence. Therefore, no Branch employee shall make flow measurements until he/she 
has at least six months of actual field experience and has performed these 
measurements under · the supervision of a senior meftt)er of the Branch · staff. 

Uastewater 
metric · equivalent 

flow shalt be expressed in million gallons per day Cmgd) or the 
(~/day); stream flow shalt be expressed in cubic feet per 

second (second feet) or the metric equivalent (~/sec). Time records associated 
with flow measurements shall be lc.ept In local time, shalt be made In the 2400 

hour military time format, and shalt be recorded to the nearest five minutes. 

All 
documented 

. individual 

flow measurements conducted by Branch persOnnel shalt 
in field records. All measurements shalt be traceable 
malc.lng the measurements and the equipment utilized • 

be thorou;hly 
both to the 

A log of all maintenance, calibration, and repair 
log shalt 

for each piece of flow 
measuring 
that all 
to the 
equipment 

equipment shall be established. The 
maintenance and calibrations performed on the 

person performing them and to the calibration 
shall be nc.rrbered, or the US·EPA property or 

be kept In such a mamer 
equipment are traceable 
standard utll ized. All 
serial ntinber shalt be 
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used to facilitate i dent if I cation. 

5.5 EQUIPMENT AVAILABLE 

The equipment available to Branch ~rsonnel for the measurement of surface 
. hardware water or wastewater flows is categorized as follows: water level/stage 

and recorders, velocity measuring equipment and assemblies, and direct flow 

measurement equipment and instrumentation. 

The 
of a water 
devices: 
continuous 
the linear 
progranrnable 

hardware 
surface 
Stevens 
strip 

available 
with time 
Hodel F 

to Branch 
(the water 

horizontal 

personnel to determine the rise and fall 
stage)· includes the following recording 
drun ·recorders and Stevens Hodel A-71 

chart recorders, ISCO Hodel· 1870 recording flow meters used in 

head mode, and ISCO Hodel 2870 recording flow meters that have 
functions. 

and . tape-down 
Non· recording equipment available includes vertical 

· staff gages systems (see Section 7).· 

Instruments and equipment available to make velocity cross-sectional area 
measurements include current meters and sounding (depth) equipment. The current 
meters available to Branch personnel are the vertical-axis mounted Price M and 
Price pygmy meters .<including direct readout meters),· and ENDECO solid 
memory current meters.· Sounding (determination of depth) is acc~l ished 
Ratheon recording fathometers or with a standard top setting wading rod. 
measurements are made . by Branch personnel using a lee-Au galvanized steel 
line :which is segmented into equal divisions of length by metal beads. 

state 
using 
\lidth 

tag 

The equipment available for direct flow measurement includes the following 
primary devices available for installation by Branch personnel: V·notch weir 
plates . and rectangular weir plates. The corresponding conversion of water level 
to flow rate can be acc~l ished instantaneously from stage/staff gage readings 
corresponding to the primary flow device in use, or by instantaneous readings of 
the available recording .flow meter systems. The continuous recording systems 
presently available are the ISCO Hodel 1870 and 2870 recording flow meters. 

The Polysonics 
flow in closed 
large amounts 
transducers, 
of the pipe.· 
instructions. 

5.6 SPECIFIC 

Ultrasonic Flowmeter (Hodel UFH84P) is available 
pipes. The pipe nust be flowing c~letely full 

of air pockets. A coupling jelly Is spread on 
and the transducers are mounted opposite each other 

The meter nust . then be calibrated according to the 

EQUIPMENT QUALITY CONTROL PROCEDURES 

for measuring 
and not contain 

the face of two 
on the outside 
manilfacturer•s 

A log book shall be kept of all equipment 
measurements, 

procedures 

utilized 
flow 

for measuring water 
The flows, water stage/tape downs, velocity recordings, etc. 

following maintenance and calibration shall be i ""l emented. 

5.6.1 Stevens Model A·71 and Model F Stege Recorders 

See specific equipment and quality control procedures in Section 7. 

5.6.2 ISCO Model 1870 and 2870 Recording Flow Meters 
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The recording flow meter shall be thoroughly tested amually to insure that 

the . accuracy, 
as establIshed 

. resolution, and prec1s1on are within the technical specifications 
by operatIng by the manufacturer. This shall be accomplished the 

instruments In a controlled test environment for a period not less than 24 . hours. 
power The test environment shall consist of a controlled atmospheric temperature, 

source, and . water level/head. Operation during the testing period shall be 

according to . the manufacturer's Instruction manual. The f...u:tlons · that shall be 

tested Include: flow meter totalizer accuracy, flow recorder 
and chart speed accuracy. 

In addition to the above annual testing program, an 
procedure will be conducted on the flow meters and recorders 
a check on the following functions: flow meter and recorder 
heads as shown on the meter's liquid level indicator and 

tracing 

abbreviated 
which will 

accuracy, 

testing 
include 

response to changing 
the recorder's flow 

indicator, bubble rate adjust response, flow recorder accuracy, full scale span 
sensitivity, sa!Jl)le signal initiation response, zero adjust response, and -·chart 
speed response. The flow meters and recorders shall be checked through the 
abbreviated procedure whenever they are scheduled for field use. 

The 
equipment 
case will 
external 

following routine 
from 

maintenance 
the field: 

procedures shall apply 
meter 
panel 

bubble 

whenever the 
is returned 

be cleaned 
the exterior of the and recorder 

with soapy water 
will 

(Appendix 8), the front desiccant and 
desiccant cartridges be reactivated, and the line will be 

. inspected and cleaned • 

5.6.3 Vertical Staff and Tape Down Systems 

See specific equipment and quality control procedures in Section 7. 

5.6.4 Price AA and Price Pygmy Current Meters 

All meters shall be sent to the USGS for recallbration once every five 
years. All meters shall be examined before and after each discharge measurement. 
The examination shall include the meter cups or vanes, pivot and bearing, and 
shaft for damage, wear, . or faulty al igrrnent. Meter balance and al igrrnent shall 
be checked prior to each use in the field (9). Meters shall be cleaned and oiled 
daily when in use. Surfaces that shall be cleaned and oiled on a yearly basis 
are the pivot bearing, pentagear ·teeth and shaft, cylindrical shaft bearing, and 
thrust bearing ··at the cap. 

5.6.5 Top Setting \lading Rod 

This equipment shall be cleaned and examined 
include charge 

lock 

5.6.6 

measurement. 
set mechanism. 

The examination shall 

Lee Au Tag line 

This equipment shall be inspected 
each discharge measurement. The accuracy 

for damage 
of the 

before 
a check 

and after eaclr dfs-
on the slIding rod and 

and cleaned 
tag l fne will 

before and 
be checked 

after 

tially and then once per year uti l izfng the Inver steel surveyors chain. 
ini

The tag 
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l ine(s) 

conform 
discarded. 
a thorough 

shall be accurate to 0.1 foot per 

to this 
Yearly 

washing, 

accuracy specification 
maintenance shall include 

and a. finish oiling. 

100 feet. Any ·tag lines that do not 

shall be repaired,. recalibrated, or 

an inspection for potential ·breaks, 

5.6.7 V·Notch and Rectangular lleir Plates 

These plates shall be cleaned and 

installation. Construction and condition 
examined 

of 

before and . after 

weir plates shall 

each field 

conform to 

recognized 
followed 

standards (2). 
by a distilled water 

The plates shall 
rinse. 

plate 
The weir 

remains 

be cleaned with a soapy wash water, 

plates will be inspected to insure 

that 

5.7 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

. 11. 

the upstream edge of the sharp. 
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6.0 FIELD ANALYTICAL PROCEDURES 

6., GENERAL 

Field analytical. equipment used by, Branch personnel 
the analysis to be acccxrpl ished and properly calibrated. 
accurate, field analyses IIJ.JSt be conducted on a safl1lle 
of the source from which it was collected. Therefore, 
location of the safl1lling site are critical. A detailed 
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should be suitable for 
In addition to being 

which 
the 

is 
type 

discussion 

representative 
of safl1'le and 

of Safl1lle type 
and safl1lle site selection is given in Section 4 · for the various media 
investigated by Branch personnel. 

The objectives of this section . are to: 

• list the specific field analytical 
Branch personnel; 

• list· the specific quality control 
techniques for each piece of field 
Branch personnel; 

• list the source of all reagents and 

techniques that shall be used by 

procedures 
analytical 

standards used 

and calibration 
equipment used by 

to perform field 
analyses and/or calibrate field analytical equipment; and 

• 

Specific 
dix D. 

6.2 SPECIFIC 

specify the training required 
lis ted field analyses. 

field analytical methodology 

ANALYTICAL TECHNIQUES 

of Branch personnel to perform the 

for each parameter is given in Appen· 

The specific field analytical 
listed below and the specific . procedures 

techniques 
for each 

used by 

analytical 
Branch personnel . 

technique and 
are 

field 
test are presented in Appendix D. 

Analytical 
Parameter 

T~rature 

pH 

Dissolved 
Oxygen (DO.) 

Calibrated glass (mercury), 
dial (mechanical), or electro· 
metric thermometer 

Electrometrically using II 

glass electrode in conbina-
tion with II refe~ence pot en· 
tiel or II conbination · electrode 

Modified Winkler or menbrane 
electrode 

Reference Eauioment 

Mercury filled glass, 
mechanical dial type 
thermometer, 
thermistor 
electronic 

Portable 
meter 

or 
t!ith 
r~adout 

field pH 

Standard DO kit with 
fresh sodium thiosul-



Specific 
Conductance 

Total 
Chlorine 
Residual 

Tracer· 
Fluorescence 

Sat inity 

Wheatstone 
equivalent 
to 25

0
C 

bridge type or 
meter corrected 

· Back titration, iodometric 
or amperometric with starch 

end-point or DPD colorimetric 

Analysis of fluorescent dyes 
using a fluorometer 

Electrodeless 
Conductivity 

Inductive 
Cell Salinometer 

2 

3 
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fate, or merrbrane 
electrode and 
electronic ·readout 

Self-contained 
conductivity meter, 
Wheatstone bridge 
type, or equivalent 
with autOmatic tem· 
perature compensation 
to 25

0
C or 11dial in" 

temperature 
coq>ensation 

lodometric backtitra· 
tion kit with fresh 
reagents, or ampere· 
metric titrate~ with 
fresh reagents, or 
DPD kit with color 
standards 

Rhodamine ~T dye and 
Turner fluorometer 

Beckman RSS-3 
Portable 
Sal i nometer and 
Hydrolab Surveyor 

· II Meter 

6.3 SPECIFIC QUALITY CONTROL PROCEDURES 

Quality assurance procedures for field analysis, and field 
analytical and test instrunentation calibration are an essential part of these 
standard operating procedures. All field analytical procedures shall be 
conducted in duplicate at least 10 percent of the time. A record of these 
duplicate analyses shall be kept in field logbooks. A significant difference iri 
the replicate analyses (greater than specified in the following sections) shall 
result in recalibration of the instrunents used, re-examination of the analytical 
methodology being used, or re-examination of· the s~l ing location. 

performing 
military 
shall be 

the 
2400 

All field analyses must . be traceable to the specific indi.,idual 
analyses. Time records shall be kept in local time using 

hour format and shall be recorded to the minute. This information 
entered into the field logbooks for all field analyses performed 

Branch personnel. 

the 

by 

A specific calibration· and/or standardization plan for all field 
analytical equipment is presented in this subsection. Included in this plan arr:: 
calibration and maintenance intervals; ·1 isting of required calibration standards 

and conditions requiring recal ibration. 
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6.3 
0 

6.3.1 Tenperature 

6.3.1.1 Initial Calibration •• All thermometers shall be initially 

calibrated against a National Bureau of Standards (NBS) certified thermometer or 

one traceable to NBS certification. 

6.3.1.2 Inspection and Calibration Each glass .mercury filled 

thermometer shall be inspected before ·trip to see that it is not 

cracked and has no air space in the mercury colum. If a mechanical dial·type 

thermometer 
damage. 
at least 
calibrated 
recording 
checked 
observation 
thermistor 
field use. 

is used, 
A cross·check 

it should not have a broken face cover or otherwise show 
with a calibrated NBS certified thermometer shall be made 

semi-annually. Thermistors and electronic readout units should be 
in the same manner. Recording thermometers shall be checked for 

accuracy 
semi ·annually. 

before each use. The recorder time scale accuracy shall be 
Before using a thermometer 

shall be made to assure that it has 
is used, the instrument shall be checked 
Cross-checks and duplicate field analyses 

6.3. 1 .3 ::C~a.:..l i:.!b:.:.r~a.!.t.:.:i o:::.n.:...... __ R::.;e:..:c:.::o:.:.r~d.:!s 

in the field, a visual 
not 

against 
should 

been damaged. 
a thermometer 
agree within 

shall be maintained 

If a 

each thermometer number and/or equipment 
A logbook 
property 
making 

number recorded. 
with 

All 
dates calibration individuals the calibrations and 

of calibration 
information 

shall 
including 

be recorded. 

nearest 

6.3.2 

automatic 
combination 
test paper 
approximate 
damage the 

6.3.1.4 

6.3.2.1 
temperature 

electrodes 
will be 
pH values, 

instrument. 

Reporting Units Report all temperature data to the· 

Equipment Only electronic (portable) pH meters with 
c~nsation (ATC) should be used. Temperature resistant, 

should be employed in conjunction with the meters. pH 
used only for determining pH ranges, for determining 

or for concentrated hazardous waste samples which would 

6.3.2.2 Equipment Inspection and Calibration •• The pH meter shall 
be checked before each field trip for any mechanical or electrical failures, weak 
batteries, and cracked or fouled electrodes. The slope of the meter shall also 
be checked initially_ with three fresh standard buffer solutions (e.g., 4, 7, and 
10). All plf recorders shall be checked for recording accuracy and time scale 
accuracy. \lhile in the field, the meter shall be calibrated daily before use 
with two buffers bracketing the expected s~le pH.. Thereafter, the meter shall 
be checked against two buffers ·when moving to 11 new s~le location. Fresh 
buffer solutions shall be used for each field trip. In case of an apparent plf 

violation, the electrode shall be checked with plf 7.0 buffer and recal ibrated to 
the closest reference buffer. Then the s~le shall be retested. ·Duplicate 
tests should agree within 0.1 standard ~it. 

6.3.2.3 ~R~eeo=.:r..lt..:.f:.:n9:a--..lU:::.n.:.:l.:.t.:!s • • Report plf to the nearest 0.1 standard 

unit. 



Section No. 6.3 
Revision No. 0 

Date: 2/1!91 
Page 4 cif 4 

6.3.3 Dissolved Oxygen COO) 

DO meters 

be checked 
holes. If 
calibrating. 

before each 

clean water 
DO bottles. 

6.3.3.1 Equipment -- Modified Uinkler kits and metrbrane electrode 
should be . used. 

. 
6.3.3.2 Equipment Jnse!ilction and Cal I brat ion DO meters shall 

before each field trip by inspecting the .metrbrane for air bubbles and 
the metrbrane is dry, it shall be replaced and soaked in water before 

Calibration should be made against the modified Uinkler test. 

DO kits shall be refilled 
field trip. Each solution 

Before using the DO meter 

with 
shall 

each 

new standardized 
be checked for 

. day, duplicate 

sodiun 
clarity 

deionized 

thiosulfate 
and volune. 

or known 
sarrples shall be collected by siphoning water from a bucket into two 

These duplicate sarrples shall be analyzed by the modified Uinkler 
test for DO content. The DO meter shall be calibrated against the DO content 
measured by the Uinkler test· by placing the DO probe in the bucket containing the 
water used for the Uinkler test. 

Uhi le using the . DO meter, the instrument shall be recalibrated at 
least twice per day or if a change in water quality is noted. If the sarrple 
temperature is s0c greater than the calibration terrperature, the meter shall also 
be recalibrated. 

Duplicate analyses should agree with ! 0.1 mg/l. 

6.3.3.3 Reporting Units ResultS for the DO test should be 
report_ed to the nearest · 0.1 mg/l. 

6.3.4 Specific Conductance 

6.3.4.1 Eauitm!!nt 
lolheatstone bridge type or equivalent 

6.3.4.2 Inspection 
shall be each field 

A portable specific . conductance 
should be used. 

and Calibration Each conductivity 
trip. Batteries shall ' be checked, 

meter, 

meter 
and 

conduct_i vi ty 
standards 

checked 
cells 

CKCl ). . 

before 
shall be . cleaned and checked against known conductivity 

6.3.4.3 Field Calibration 
instrument 
terrperature 

daily with known standards. 
conductance calculations. 

within ! 10 percent. 

6.3.4.4 ReeQrting Units 
micromhos/centimeter (urhos/cm) corrected 

Before 
Refer to the 

Duplicate 

-- ·Results 
to 2s0c. 

using in the field, 
instrument instructions 

field analyses should 

should be expressed 

check 
for 

agree 

in 
Results should be reported 

to the nearest ten 111its for readings lllder 1,000 urhos/cm and the nearest 100 
units for readings over 1,000 urhos/cm. 
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6.3.5 Total Chlorine Residual 

Equipment ·- The back titration method with 

starch-iodide 
6.3.5.1 
end point 
be used. 

or arrperometric 
iodimetric 
end· point or a Hach OR 100 colorimetric 

(OPO) kit may 

6.3.5.2 Inspection end Calibration Each titration kit or meter 

shall be checked before each field trip by inspecting the meter for battery 
strength and fresh reagents. The normality of the iodate should be checked with 
a distilled water blank to establish a correction factor for . the titrant. This 
will also serve to check the response of the 8J11)erometric titrator. Duplicate 
chlorine residual analyses should agree within ! 0.01 mg/l. 

8 

If the Hach DR 100 colorimeter (OPD) 

"Standard 
kit is used, the method IIIJSt .. 

agree 
Method 
scales 

with the requirements 
330.5 "Methods for 
rrust be calibrated 

standards) that bracket 

of Method 408E, Methods," 
Chemical Analysis of \later end \lastes," 

on site at a minimum of three points 
·the expected sa~le concentration. 

16th Edition, or 
and calibration 
(blank and two 

6.3.5.3 
residual 

Reporting Units Results should be reported to the nearest 0.01 mg/l 
chlorine. 

6.3.6 Fluorescent Tracing 

6.3.6.1 !.n!m -- Rhodamine \IT dye Is the standard tracer used by 

Branch personnel. 

6.3.6.2 Fluorometer 
instrument used to determine intensity 
in the sa~le. 

6.3.6.3 Fluorometer 
Before a fluorometer is used in the 
standard dye solutions. All standard 

A filter fluorometer (fluorometer) 
of emitted light or concentration 

Calibration and Calibration Standards 
field, it shall be checked against a 

is the 
of dye 

set of 
concentrations shall be made relative to 

the stated concentration of the manufacturer • s ·solution. 

All standard solutions shall be made with distilled water. 
Sufficient solution volumes shall be made to perinit cal ibretion checks. 
Calibration checks shall be conducted whenever the fluarometer has been turned 
off for an extended period _ of time• 

The fluorometer 
uses. 

and all associated equipment shall be thoroughly 
cleaned between 

6.3 .6.4 ::,:Re:.~po~rt~i:.:.M:o;&.._,.::U::..:n.:...:i t~s Turner Design fluorometer results shall 
be reported as ! 1 percent of full · scale concentration. 

6.3.7 Salinity 

6.3.7.1 Equipment A portable salinometer, electrical 
conductivity type shall be used. 
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6.3.7.2 Inspection and Calibration Each salinometer · shall be 

checked 
inspected 
be checked 

before every field trip. Batteries 
of marine 

supplied 

shall 
growth 
with 

be checked and the cell 

to determine if it is free and salt. The meter shall 

against the resistor loop. the meter. 

6.3.7.3 Reeortins Units Results should be reported to the 

nearest 0.1 
part per thousand of salinity. 

6.4 SEMI·ANNUAL MAINTENANCE 

All · analytical and test instrunents and kits shall be inspected on 
a semiannual basis, whether used during the intervening period or not. The 
purpose of the semi•arnJal inspection is to maintain the equipment in a ready-to· 
use condition. This inspection shall consist of a general examination of the 
electrical system (including batteries) and a calibration against standards. Any 
expired reagents, broken glassware, or parts shall be replaced. 

6.5 SOURCES 

instrunents 
Analytical 
purchased 
expiration 
and chemical 
All field 
concentration, 

the actual 

OF CHEMICALS AND STANDARDS 

All chemicals used in test kits and with field analytical 
as reagents and standards shall be supplied and standardized by the 
Support Branch (ASS). Certified pH buffer solutions shall be 

fran chemical supply houses. All reagents and solutions shall have 
dates attached to the containers. All out·of·date reagents, buffers, 

solutions shall be properly disposed of at their expiration date. 
reagent containers shall be identified with the chemical name, 

and date prepared. 

Tracer-fluorescence standards will be prepared for each study using 
tracer as outlined in Appendix D.9. 

6.6 TRAINING 

Each metrber of the Branch involved in field studies shall undergo 
an initial review of field analytical and test procedures and equipment. After 
the initial review, subsequent reviews shall take place arnJally. The Branch 
Quality Assurance Officer, in conjLnetion. with personnel fran the ASB, shall 
conduct the instruction. Any new instrunentation adopted by the Branch will be 
introduced to Branch personnel in a training session before it will be authorized 
for routine use. 

6.7 REFERENCES 

, . "Guidelines 
Pollutants," 

for Establishing Test Procedures for the Analysis 
40 CFR 

of 
136, Federal Resister, Volune 49, No. 209, 

October 26, 1984, and any subsequent revisions. 

2. \Ill son, J. F •, .:..f:.:l UO=:,.r.::::ome:::::;.Jt:.:.,r.:.i C:::.._ __ P~r:.:o~c;.::;edu=r..lie~s--oof:.::o::.r_...::D:.&Y.:::.e_...:T..:..r~ac=..i:.:.n:;:~g.:..: __ __:::U:::,SG=S 
Techniques of \later-Resources Investigations, Book 3, Chapter A12, 
United States Department of Interior, Geological Survey, 1968. 
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1985, 16th Edition. 

I 4. Methods for Chemical Analysis of \later and IJastes, EPA, 600/4-79-
020, and all current revisions. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

Section No. 7.1 
Revision No. 0 

Date: 2/1/91 
Page of 

7.0 FIELD PHYSICAL MEASUREMENTS 

7.1 GENERAL 

Field measurements of topographic features, water levels, time of travel, 
geophysical parameters, and physical dimensions are frequently required during 
COII'Prehens i ve water qualIty, groundwater, hazardous waste, wastewater treatment 
system, and related field investigations conducted by the Branch. The scope of 
such measurements obviously depends on the purpose of the particular 
investigation. 

All s~ling locations used during Branch field investigations shall be 

depicted on an accurate drawing or a topographic or other standard map, or be 

referenced in suc,h a mamer: that their location(s) are firmly established. The 

Region IV library has a COII'plete collection of 7.5 minute USGS (1:24,000 scale) 
topographic maps and a map copier available. 

Each field measurement made by Branch persomel shall be. traceable to the 
actual person making the measurement and to the field equipment used· to make that 
measurement. ·All equipment maintenance and calibration records shall be kept in 
log books and field records so that all such procedures are traceable. All time 
records shall be kept in local time. using the 2400 hour format, and time shall 
be recorded to the nearest minute. 

New 
described 
menber at 
own. 

Branch employees 
in this section 

least once before 

shall perform each of the physical field measurements. 
U'lder the. supervision of a senior technical staff 
being permitted to make these measurements on their 

The specific . objectives of this. ·section are to: 

• 

• 

• 

present the standard practices used by the Branch to make physical 
field measurements; 

list the field equipment 

present 
surements 

specific quality 
are accurate. 

uti llzed to make such measurements: and 

control . procedures to insure that such mea· 



I 
A. SURVEYING (HORIZONTAL CONTROL) 

I 
7 .2.1 General 

Surveying is described as the art and science of determining the area and 
configuration of portions of the earth's surface, and representing them on maps. I 
Generally, surveying can be divided into two categories or classes: horizontal 
control surveying and vertical control surveying. Horizontal control surveying 
pertains to the measurement of the relative difference in the horizontal location I 
of two or more control Points. Vertical control surveying involves the 
measurement of the relative difference in vertical location, or elevation, of two 
or more control points and is treated separately in Section 7.3. This· Section 
discusses the standard procedures and techniques used by the Branch to survey, I 
or locate s~le points or site features horizontally. Basic surveying and field 
geology . textbooks should be consulted .. for more detailed information on this topic 
(1, . 2, 3). I 

7.2.2 Introduction 
I 

Several field methods may be used to horizontally locate s~le points or 
various site features during hazardous waste ·site investigations and/or other I 
site investigations that may result in enforcement actions. Traverse methods 
used by the Branch utilize horizontal angle or direction (azinuth/bearing) 
measurements and calculated horizontal distances from a starting point to a I 
second point, and from the second to the third, and so forth to the last point. 
The last point in a traverse is usually a return to the starting point, thus 
making a closed loop. During a traverse for site control, s~le points or site 
features may be located by eqJloying various techniques at the traverse control I 
points, i.e., by angle Cazinuth or bearing) and distance measurements from a 
control point, by angular intersection from two control points, by perpendicular 
offset from a line between two control points, by angle from one control point I 
and distance from another control point, etc. (1). 

I 
I 
I 
I 
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I 
I 
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Regardless 
on established 

of the methodes>. used, surveying by the Branch should f:)e based 
control points. A network of horizontally (and vertically) 

located control data points has been established and is continually maintained 
by the National Oceanic and Atmospheric Acininistration (NOAA) through its 

National Ocean survey (formerly U. s. Coast and Geodetic Survey). The system of 

horizontal control points, 
and longitude positions 

or Triangulation Stations, 
and provide the, ·basis for 

have established 
the coordinate grid 

latitude 
systems 

used by many States c1; 2). 

~hen measuring 
between true north 
declination. Branch 

horizontal angles, compensation must be made 
and magnetic north. This angle is called 
field surveying methods must be referenced 

for the angle 
the magnetic 

to true north. 
The first step in this procedure is to determine from an isogonic map, the 
declination for the area of work. Isogonic maps may be found in basic surveying 
and field geology textbooks referenced above. 

Sources 
data and 

of existing 
their exact 

information on triangulation stations or 
grid locations 

Typically, 
may be obtained from local, state· 

works 
near the 

departments 
of counties, 
site. being 

or agencies. the engineering or public 
cities or towns may have data on file that is 

investigated. or federal agencies which 
useful data include: (1, 

State 
2, 3) 

• 
• 
• 
• 
• 
• 
• 
• 
• 

State 
State 

highway or transportation · 
geodetic or land surveying 

State natural or water resources 
State geological surveys 
NOAA/National Ocean Survey 
United States Geological Survey 
Corps of Engineers, Department 
Soil Conservation Service . 
Tennessee Valley Authority 
Bureau of Land Management 

departments 
offices 
bureaus 

of - the Army 

are good 

coordinate 
or federal 

departments 
particular 
sources of 

~hen the exact locations of sanpl ing points or . other physical features at 
are needed, Branch surveying methods must be based on existing control a site 

data. 
physical 

In all cases, the site property boundary survey, description, and any 
property corners or monunents must be located by a professional 

Registered· Land Surveyor CRLS). Often times, before · or when the surveyor is at 
a site, the registered. surveyor can be requested to set control data points for 
Branch use. . At a mininun, the registered land surveyor will be asked to 
establish at least two control points upon which the elevation end Universal 
Transverse Mercator CUTM) coordinates are set. The data on control points shall 
be of at least third·order ·accuracy. The control points. will be permanent 
markers set at locations that ere . 1111 ikety to be disturbed by future site 
activities. 

If no existing control data exists in the site vicinity, an arbitrary point 
may be established at a permanent location, e.g., set a nell or spike beneath the 
ground or set a neil and cap i~ asphat t or fol.rodatfon. However, the coordinates 
for · that point (end, therefore at I · other points) should be determined at a later 



date. As with all Branch field . work, the location 
in the 

of all control 
field logbook 

data used 
as outlIned 

and 
in all field measurements shall be recorded 

Section 3.5. 

7.2.3 Eguh:rnent Available 

The following Branch equipment is available for field use in conducting 
surveying in support of site investigations: 

• Topcon GTS·2, total station theodolite/electronic distance meter CEDM) 

• tripodCs) 
• reflector prism(s) 
• range pole 
• steel tape 
• cloth tape 
• optical tape measure 
• Role tape 
• COII1l&SS 

7.2.4 Specific Eaui~nt Quality Control Procedures 

All field surveying methods using Branch equipment shall be made only by 

those Branch personnel who have been trained to use them. All Branch 
professional staff and field technicians IIIJSt be trained and checked out in 

·surveying procedures by qualified staff before using this equipment. 

Each piece of field equipment (as appropriate) shall be nurbered, and a log 
book shall be kept containing all maintenance and calibrations made on the 
equipment. The following specific maintenance and calibration · procedures shall 
be used for all surveying equipment: 

7.2.4.1 

7.2.4.2 
\owing 

• 

• 

• 

• 

Theodol fte This equipment shall: 

be serviced and calibrated by a qualified 
or ·suspected 

private service shop 
annually or sooner if damaged to be in error; 

be checked . out using procedures 
textbooks and appropriate users 

outlined 
manuals before 

in 
use 

basic 
(1, 

be cleaned 
surveying 
and before 

and 
textbooks 

being 

maintained using procedures outlined 
and appropriate users manuals during 

returned to storage (1, 2, 3). 

Steel and Cloth Measuri!"'9 Tapes, and Mechanical Rola·Tape 
procedures shall be used for all measuring tapes: 

2, 
surveying 

3); and 

in basic 
field use 

-· The fol· 

All measuring tapes and the mechanical Role· tape will be calibrated 
amually against en lnvar steel surveyors chain 
theodolite/EDM both of which ere traceable to the National 
Standards · (NBS). .Those steel tapes that 
per 100 feet or . cloth -tapes not within 0.02 

are not 
foot 

within 
per 100 

be discarded. The 

or 
Bureau 

the 
of 

foOt 
shall 

0.01 
feet 
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I 
7.2.4.2 Steel end Cloth Measuring Ta~s, and Mechanical Role·Ta~ The fol· 

lowing procedures shall be used for all measuring tapes: I 
• All measuring tapes end the mechanical Rola·tape will be calibrated 

aMually against an Invar steel surveyors chain or the 

theOdolite/EDM both of which are traceable to the National Bureau of I 
Standards (NBS). Those steel tapes that are not within 0.01 foot 

I 
per 100 feet or cloth tapes not within 0.02 foot per 100 feet shall 
be discarded. The shorter carpenter· type steel tapes (6·12 feet) 
shall also check within 0.01 foot or they will be discarded. 

I • All tapes shall be checked to see that they are not damaged and are 
clean before and after use. 

7.2.4.3 oetical Ta~ Measure Each Branch ~loyee using the . optical tape 
measure shall become proficient ·in its use by measuring known distances before 
using this equipnent in the field. I 

I 7.2.4.4 ~. All c~sses shall: 

• be checked for proper movement of the c~ss meddle. If the 

I c~ss needle movement is sluggish, the glass cover can be removed 
by prying a knife : point under the spring washer. The copper wire on 
the needle is . then moved until the needle lies level (3); 

I • be checked for. proper alignment of clinometer level. The clinometer 
is checked by setting the clinometer to · 0, and placing the c~ss 

on a surface that has been leveled exactly with either a carpenters 
level or a water tube level. If the horizontal level bubble on the 
clinometer does not rest at the center, the c~ss is opened as I 
described above and the clinometer level vial is moved and rechecked 

I 
as appropriate. If the level vial becomes broken, the c~ss rrust 
be sent to the · manufacturer to be repaired (3); end 

I 
• be cleaned after use and before storage • If the c~ss should 

become wet, the c~ss is ·opened as previously· described and the 
interior is dried using a toothpick and a piece of soft cloth or 
soft paper. They should not be used, exposed to or stored in strong 

I . electrical fields (3) • 

I 
I 
I 
I 
I 
I 



7.2.4.5 Rang~ Pol~s and R~fl~etor Prisms All of this equipment shall: 

• be eh~cked for 
the theodol ite/EDM 
at 90" intervals. 
and 

warpag~ and/or damage before 
while the poles/prisms 

use .by sighting 
are rotated in two 

through 
planes 

The bullseye bubble will be reset as appropriate; 

• be cleaned daily after use and before being returned to storage. 

7.2.5 Procedur~s for Trav~rsing 

~hen traverse methods are used, at least two stations or control points of 
known 
Stat~ 

usually 

horizontal location (expressed in terms of UTM coordinates and/or the local 
coordinate system) IIUSt be in the site vicinity. . These control points can 

·be set . for the' specific site by a governmental agency or registered land 
surv~yor. 

Th~ total station theodolite, which measures horizontal angles, vertical 
angles, and slope distances, is set up over an existing control point. The 
theodolite is attached to the plate of the tripod by a ·fastening screw and the 
bubble in th~ bullseye level is centered, or brought level by adjusting the 
three-screw leveling heads appropriately. Once the bulls~ye bubble is centered, 
th~ theodolite is rotated 90 degre~s at a time and the horizontal level bubble 
is checked and brought level using the thre~·screw leveling heads. The 
instrunent is ready for use when, after repeated rotations, the bubble in the 

- horizontal level remains exactly in the center or middle of its housing. 

The rodnan has either a range pole equij:lped with a reflector prism <single 
or triple) or a tripod . with the reflector prism. The prism is used to reflect 
the signal fran the electronic distance meter in· the total station theodolite. 
\lhile located over the point(s) whose location is desired, the rodnan holds the 
rang~ pole . vertically by means of centering the bullseye bubble, or sets up the 
tripod and reflector prism similarly as stated above. The instrunent man sights 
through the telescope on th~ theodolite, lines up the horizontal and vertical 
cross-hairs on the center . of the prism and records the horizontal angle (Ah), 
vertical -angle (Av), and the slope distance (Ds) to the prism. The difference 
in location between the · point where the theodolite is set up and the point wh~re 

the prism is held is determined trigonanetrically. A canpass and measuring tape 
could also be used to reference field measurements to a map or vice v~rsa. 

The following ex~les d~pict some of the field measurements that IIUSt be 
considered and accounted for, the calculations that IIUSt be performed, and the 
conversions that IIUSt be made when the Branch uses traverse methods to 
horizontally locate s~ling points or other site features. 

EXAMPLE 1: Figure 7.2.1. Horizontal Angle (map view). 
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I 
I 
I A 

I 
I c 

I 
Figure 7.2.1 illustrates that while the instrunent is at point A (a control 

I 
point), one reads the backsight angle (azirruth or bearing) to point B, then turns 
and measures the foresight angle (azirruth or bearing) to point c. The difference 
between the two angles is the interior angle included ·at the intersection of line 
AB and line AC, or the horizontal angle CAh). 

I The field notation for the measurement of the angle above would be 
represented as angle B·A·C. Typically, the first cohnn to the left in the field 

I 
book is labeled: CBS - 'i' - FS) or Station and the second colum is labeled Ah 
(see Exarrple 5 Field Notation). 
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EXAMPLE 2: Figure 7.2.2. 

After the horizontal 
measured, ·in Figure 7.2.2, 
the line of sight AC and 

Vertical Angle (side view). 

c 

Dv 

8 
Dh 

angle is determined, the vertical angle 
from point c to point B to determine the angle 
the horizontal line AB. The vertical angle 

(AV) is 
between 

is the 
included angle between a line connecting two points of different elevations and 
a line horizontal to the earths gravity. 

the height of the point C, measure the slope distance (Ds) To determine 
with the electronic 
measure the vertical 
be obta f ned by the 

distance meter from A to c. Using 
line AC and AB. 

the theodolite or 
of point 

transit, 
angle between The 

formula: 

map, 
The 

would 
horizontal 

be obtained 

If the vertical 
or other point where 
measure the horizontal 

distance 
by the 

Dv ., (sin Av) Ds 

(Dh), which is the 
formula: 

Dh ., (cos Av) Ds 

distance 

distance to be measured was to the 
the measurement of the slope distance 

distance and determine the height 

Dv c (tan Av) Dh 

height C would 

used when drawing the 

top of a building, 
is impractical, 
by: 

tree, 
simply 

The field notation for the third colurn from the left in the field book is 
labeled: Av and the forth colurn is labeled Ds/Dh (see Example 5 Field Notation). 
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EXAMPLE 4: Coordinates. 

When the local State rectangular grid coordinate points near a particular 
site are obtained, Branch personnel should be able to convert rectangular 
coordinates to 1221.!!!: coordinates. This is i~rtant since through this 
conversion, the aziiiiJths and distances between each· point can be obtained and 
then used as the starting control points for the site control traverse. Siq>le 
progranmable or non·progranmable calculators are extremely useful in providing 
precise results from the field surveying measurements. The following is an 
exaq>le of a conversion from rectangular to polar coordinates: 

The instrument is set up at TP1, and given the rectangular coordinates: 

Control Point North <v> East (X) 

TP1 7935.07 6178.18 

MCT3 7851.75 6209.99 

The relative change in location between the north and east coordinates 
(from TP1 to MCT3), respectively, are: 

AN = ·83.32, AE = 31.21 

The negative syrrbol for AN indicates the relative movement from TP1 to MCT3 
downward (·) along the y .axis. The positive syrrbol for AE indicates relative 
movement from TP1 to MCT3 to the right (+) along the X axis. Solving for the 
foriiiJla (Pythagorean theorem): 

c2 = a2 + b2 

The resulting distance between TP1 and MCT3 is c = 88.97 1 • 

The aziiiiJth is obtained by first CQII1JUting the inverse tangent of the 
change in north divided by the change in east: 

tan" 1 (AN. + AE> - ·69.4651" 

This is the negative angle, expressed 
from the (X) axis into the southeast· quadrant·. 

. obtained, In this case, by changing the sign 

in decimal 
The 

c· to 

degrees, 

aziruth from 
+) and adding 

and 

TP1 
is measured 

to MCT3 is 

converting to degrees, minutes, and seconds. The resulting aziiiiJth 
90• · and then 

from TP1 to 
MCT3 is 159•2715411 • 

Note: The trigonometric foriiiJla above always gives the angle me11sured 
from the (X) axis. \lhen using this procedure, it is wise 'to make II sketch 
showing the change in direction between the points relative to north. 
This will aid In visually and mentally seeing which geometric quadrant 
that the foresight angle. falls in relation to the instrument. 



EXAMPLE 5: Figure 7.2.4. Traverse Field Notation. 

The following is an ex~le of the field notation for a traverse to 
horizontally locate sampling points. Figure 7.2.5 shows some of the physical 
features, s~ling points, and traverse control points that should be sketched 
on the right hand side of the field log book. The coordinates for each point are 
then determined and usually entered in red ink after the traverse is finished. 

01/22/90 Project 90E·OOO 
Region IV Site Name 
City, State 

·Set traverse points around property to locate I 
the 5 monitoring wells that were recently 
installed. 
Given: TP1: N=7935.07, E=6178.78 

MCT2: N=8297.79, E=6598.14 
MCT3: N=7851.75, E=6209.99 

TP1 to MCT3 ~N=-83.32 ~E=31.21 

c2 = a2 + b2 , c = 88.971 

tan"1 C ~N + ~E) = ·69.4651 
.. Azilll.lth TP1 to MCT3 = 159"2715411 

CBS • T • FS) 
Station Ah Av Ds I Dh Coordinates 

Set: Ah= 88.98 1 N=7935.07 
MCT3·TP1· 159"2715411 90"45 12411 88.971 E=6178.78 

502.64 1 N=7643.63 
HCT3·TP1·A 125"261 1811 89"44 10611 502.635 1 E•6588.30 

375.58 1 N=m4.22 
MCT3·TP1·M 124"0911211 90"07121 11 375.581 E=6489.59 

Set: Ah= 
TP1·A· 305"26 11811 ------·· 

470.94 1 N=7328.60 
TP1·A·B 228"00 15411 90"32 15411 470.94 1 E=6238.24 

Set: Ah= 
A·B· 48"00 15411 --------

113.681 N=7437.83 
A·B·M\12 343"55 121 11 90"21 15411 113.681 Eo:6206.76 

762.461 N=7718.72 
A·B·C 300"46 12711 89"59 15411 762.461 E=5583.14 

Pg. 1 . of 2 
Landis Surveyor 
Ben Chmark • f 
~eather: Clear; 

Remarks/Conments 

- "i" 

o-5 "'*' N 

Notes: Instrument CT> is set up at TP1, 
back sight CBS) to MCT3 and set 
instrument to read 159"27'5411 • 

Set nail in ground for point A. 

Locate M. 

Instrument at A, back sight to 
TP1 and set the reciprocal 
azilll.lth, i.e. add 180". 

Set nail for point B. 

Reciprocal azilll.lth as above. 

Locate M\12. 

Set point c. 
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EXAMPLE 5: Figure 7.2.4. Traverse Field Notation (continued). 



I 
EXAMPLE 5: Figure 7.2.4. Traverse Field Notation Ccontirued).- I 

Pg. 2 of 2 I 
01/23/90 Project 90E-OOO Landis Surveyor - "j' 

Region IV Site Name Ben Chmarlc - + 
City, State Weather: Clear; o-s ~ N I 

Station Ah Av Ds I Dh Coordinates Remarlcs/Conments 

Set: Ah= 
B·C- 120"4612711 -------- Reciprocal azirruth. I 

698.34 1 N=8394.28 
B-C-D 14"40 124" 89•49 13911 698.34 1 E=5760.03 Set point D. I 

132.961 N=7840.01 
B·C·IM 24"11 121 11 90"21 11211 132.96 1 E=5637.62 Locate M\11. 

612.76 1 N=8265.45 
B·C-M\13 26"50 136'1 89•44 14511 612.754 1 E=5859.83 Locate M\13. I 

Set: Ah= I c-o- 194"4012411 -------- Reciprocal· azirruth. 

715.66 1 N=8666.95 
C·D·E 67"36 11511 90•03 14811 715.66 1 E=6421.71 Set point E. I 

163.14 1 N=8265.20 
C·D·M\13 142"17151 11 89"45 103" 163.14 1 E=5859.80 Locate MU3 (again, just in case). 

I 
Set: Ah= 

D·E- 247"361 1511 -------- Reciprocal azirruth. 
I 

409.08 1 N=8297.87 I I 
D-E·MCT2 154"2710911 90"04 13311 409.08 1 E=6598.13 Actual: N=C8297.79), E=C6598.14).1 

I 
I 
I 

Set: Ah= I 
I 

E·MCT2 334"2710911 -------- Reciprocal azimuth. I 
I 

654.28 1 N=7643.68 Coordinates first c~ted to be:l 
E·MCT2-A 180"51 142" 89•36 12411 654.265 1 E=6588.30 N=C7643.63), E=C6588.30). I 

-
85.66 1 N=8268.50. 

E·MCT2·MW4 249"56 139" 88"32 14811 85.63 1 E=6517.69 Locate M\14. I 
Set: Ah= 

MCT2·A· 360"51 14211 -------- Reciprocal azirruth. I ------ N=7935.12 Should have ended at: 
MCT2-A·TP1 305"26 11811 -------- (502.635 1 ) E=6178.78 N=C7935.07), E=C6178.78). 

127.501 N=m4.29 
MCT2·A·M\IS 309"1313311 91"10 13611 127.471 E=6489.55 Locate M\15 (again, just in case). 

I 
I 

Closure: ~ Dh=4,716.D15 · I 
N Dh=0.0466 1 , E Dh=0.00 11 

I I 
I 
I 
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Figure 7 .2.3 - EXAMPLE OF SITE . MAP . SHO'oiiNG TRAVERSE POINTS USED TO LOCATE 

MONITORING WELLS 

Figure available upon request. . 

7.3 ELEVATION SURVEYS (VERTICAL CONTROL) 

·7.3.1 Introduction 

The field of surveying . . that pertains to measuring the relative differences 
in elevation of two or more points is called 11 running Levels11 or 11Leveling11 • The 
two most c0111110nly used methods are· Differential Leveling and Trigonometric 
Leveling. Differential leveling is the . most precise and easiest method because 
it utilizes 11 level 11 measurements with silll'le addition and subtraction. 
Trigonometric leveling is slightly less precise and more difficult as it uses 
vertical angle and distance measurements corrbined with the principles of 
trigonometry. Differences in elevation can also be determined from controlled 
altimeter measurements by the method . called Barometric Leveling. However, the 
altitude (elevation) readings are not as precise as elevation measurements 
obtained from differential or trigonometric Leveling since most altimeters permit 
readings to within about 5 feet of the actual elevation. This subsection 
discusses the standard procedures and techniques used by the Branch to obtain 
differences in elevation and are described in more detail in basic surveying and 
field geology textbooks C1, 2, 3). 

Regardless of the method(s) used, elevation surveys by the Branch should 
be based on establ !shed control points. A network of vertically Located control 
data points has been established and is continually maintained by the National 
Oceanic and Atmospheric Adninistration (NOAA) through its National Ocean Survey 
(formerly U. s. Coast ·end Geodetic Survey). The system of vertical control 
points, or Benchmarks (B.Ms.), are referenced to a surface of fixed and precisely 
known elevation above mean sea . Level and is referred to as the datun or datun 
plane. The datun for vertical control (elevation) is celled the National 
Geodetic Vertical Detun CNGVD), formerly known as the 1929 sea level datun, 
established by the U.s. Coast end Geodetic Survey (1). 

Sources of existing information . on benchmark date end their Locations may 
be obtained from local, state or federal departments or agencies. Typically, the 
engineering or public works departments of counties, -cities or towns may·· have 
data on file that is near the particular site being investigated. State or 
federal agencies that ere good sources of useful date 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

State highway or transportation 
State geodetic or Lend surveying 
State natural or water resources 
State geological surveys 
NOAA/National Ocean Survey 

United States Geologica.l Survey 
Corps of Engineers, Department 
Soil Conservation Service 
Tennessee Valley Authority 
Bureau of Lend Management 

departments 
offices 
bure11us 

of the Army 

include: (1, 2, 3) 



\lhen 
needed, 

the exact 
benchmarks 

elevations . of sampling locations or other physical features 

are of precisely known elevation should be used when leveling. 

At a mininun, during the course of a site investigation, 
surveyor · will be asked to set 

The 
Mercator 

referenced 

points or benchmarks. 
Universal 
elevations 

Transverse 
shall be 

two third-order 
control points 

at least 
vertical 

(UTM) coordinates (see 
to NGVO. 

accuracy 
shall 

. section 

a registered land 
vertical control 

have established 
7.2.2) and the 

If no benchmark is located in the site vicinity, an arbitrary temporary 
benchmark should be established on a permanent location, e.g., bridge wingwall, 
foundation, corner post, or a nail or spike in a tree or telephone pole. 
However,. 
points) 

.the elevation of the temporary benchmark (and, therefore all other 
should be determined at a later date. As with all Branch field work, the 

location 
field 
3.5. 

of all benchmarks used shall be shown on the site sketch map and all 
measurements · shall be recorded in the field logbook as outlined in Section 

7.3.2 Equipment Available 

The following Branch equipment 
· elevation surveys in support of site 

• 
• 
• 

Differential 
Lietz B2C, 
tripod 
telescoping 

Trigonometric 

Leveling 
precision automatic 

level rod 

leveling 

is available 
investigations: 

level 

for field use in conducting 

• Topcon GTS·2, total station · theodolite/electronic· distance meter (EOM) 
• tripod(s) 
• reflector prism(s) 
• range pole 
• steel tape 
• c~ss 

Barometric Leveling 

• Micro M-1, American Pauli System altimeter 

7.3.3 ~spe~c~i~f~i~c .... ~E~gu~i~pme~n~t~-----=o~u~a~l~it~Y~----~Co~n~t~r~o~I .... ~P~r~o~ced~u~r~es 

All field surveying methods using ··Branch equipment shall be made only by 

those Branch personnel who have been trained to use them. All Branch professional 
staff and field technicians IIIJSt be trained and checked out in surveying 
procedures by qUalified staff before using this equipment. 

Each 
book shall 
equipment. 
be .used for 

piece 
be 
The 
all 

of field equipment 
kept containing all. 
following specific 
surveying equipment: 

(as appropriate) 
maintenance 

maintenance and 

shall be numbered, 
and calf brat ions made 

calibration procedures 

and a log 
on the 

shall 
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7.3.3.1 

7.3.3.2 
shall: 

7.3.3.3 

7.3.3.4' 

• 

• 

• 

• 

• 

• 

• 

• 

Theodolite/EOM, 

·be serviced 
amually 

Level and Altimeter 

and calibrated by 
or sooner i f damaged 

This equipment shall: 

a qualified 
or · suspected 

private service 
to be in · error. 

shop 

be checked out using 
textbooks and appropriate 

procedures outlined in basic 
users manuals before· use (1, 

surveying 
2, 3). 

be cleaned and 
textbooks 

being 

maintained using procedures outlined in basic 

surveying 
and before 

and appropriate users manuals during field use 
returned to storage (1, 2, 3). 

Level Rods. Range Poles, Reflector Prisms All of this equipment 

be checked for warpage and/or 
the theoc:lolite/EDM and lining 

rod(s). The poles/prisms 
bullseye bubble is reset 

damage 
up the 

before use 
two vertical 

are rotated at 90" 
as appropriate. 

by sighting 
cross hairs 
intervals 

through 
on the 

and the 

be -checked for proper a l i g1'111en t of the 
the EOM 

chain 

reflector prism by corrparing 
the measurement obtained· with to the measurement obtained 

with an - lnvar steel surveyors Csee Section 7.2~4.2). 

be cleaned daily after use 
Level rods should . be ·stored 

and before 
in carrying 

being 
tubes 

returned 
or a cloth 

to storage • 
slip cover 

to protect markings. 

Steel Tape The procedures found in Section 7.2.4.2 shall apply. 

All corrpasses shall: 

be checked for proper movement of the compass needle. · If the 
compass needle movement is sluggish, the glass cover can be removed 
by .prying a knife point under the spring · washer. The copper wire 
on the needle is then moved until the needle lies level (3). 

be checked for proper alig1'111ent of the clinometer level. The 
clinometer is ' checked by setting ' the clinometer to o, and placing 
the compass on a surface that has been leveled exactly with either 
a carpenters level or a water tube level. If the horizontal level 
bubble on the clinometer does not rest at the center, the compass is 
opened as described above and the clinometer level vial is moved and 
rechecked as appropriate. If the level vial becomes broken, the 
compass nust be sent to the manufacturer to be repaired (:!). 

be cleaned after use and before storage. If the compass should 
become wet, the CCIII'p8SS is opened as described above and the 
interior is dried using a toothpick and a piece of soft cloth or 
soft paper. .They should not be used, exposed to or stored in 
strong electrical- ·fields (3). 



7.3.4 Procedures for Differential Leveling 

The level, or instrunerit, is set up by the instrunent 
more than 250 feet from . the benchmark and at a height above 
next point(s). The level is attached to the plate of the 
screw . and the bubble in the bullseye · level is centered, 
adjusting the three-screw leveling heads. accordingly. Once 
is centered, the level is rotated 90 degrees at a time and 
bubble is checked and brought level using the · three-screw 
level is ready for use when, after repeated rotations, 

man at a location not 
the benchmark and the 
tripod by a fastening 

or brought level by 

the bullseye bubble 
the horizontal 
leveling heads. 

the bubble in 

level 
The 
the 

horizontal level remains exactly in the center or middle of its housing. 

The rodnan then holds the · rod as plUTb (vertical) as possible on the 
benchmark so the instrunent man can read where the horizontal cross-hair in the 
telescope of the level intersects the graduations on the rod. The rodnan "rocks" 
the rod in two planes, when instructed by the instrunent man, to obtain a level 
reading. The rod fs white with large red nUTbers which indicate the foot-marks 
and smaller black nurbers which indicate the . tenths of feet and has black 
graduations the entire length which indicate hundredths of feet. The instrunent 
man sights through the telescope and takes the first rod reading which is called 
a backsight (denoted BS or· + in the field log book). The backsight (+) reading 
added to the elevation of . the benchmark gives the height of the level, or 
instrunent, (denoted H.l. in the field log book). Next the rodman holds · the rod 
on a point (called a turning point and denoted TP) of fixed but unknown elevation 
such as a nail in the ground, spike in a tree or telephone pole, or the top of 
a fire hydrant. The instrunent man then takes his .second rod reading which is 
called a foresight (denoted FS or - in the field log book). If the foresight (-) 
reading is subtracted from the H.l. the result is the elevation of the point. 
That is, the difference between the first reading obtained from the benchmark and 
the second reading obtained from the point is the· difference in elevation between 
the point and the benchmark. Note that the distance between each sighted reading 
shall not ordinarily exceed 250 feet with turning point backsight and foresight 
distances deviating no more than 50 feet from one another. 

The fnstrunent man then goes ahead of the roanan, sets the level up as 
stated before and takes a rod reading (backsight) from the previous turning 
point. The rodman then moves ahead of the instrunent man for a new turning point 
rod reading (foresight) and so forth until the desired final point is located 
vertically. Once the final point is located, the instrunent man breaks the set 
up of the level (i.e., changes the H.l.) and relevels the level. The instrunent 
man and rodnan then rLI"' levels from the last or final point to the first point 
or benchmark. This is called making a closed circuit or closed level loop. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 



I 
I 

I 
I 
I 
.I 
·I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

leveling should be conducted- to form a closed c"ircuit. ~en practical, 
That is, the level circuit 

0.02 
or 

foot 
loop should close back in close agreement to a 

benchmark by within . 
whichever is greater. If the 

of the original reading or third order accuracy 
level .circuit does not close within these limits 

of accuracy, then the level circuit rrust be repeated until this accuracy is 
attained. Third order accuracy is defined by the forrrula: 0.05 foot x C lnurber 
of miles run), which means' for a one·mile level circuit, the closure· should be 
within five hundredths of a foot. The following is an example of field notation 
for differential leveling: 

EXAMPLE 1: Figure 7.3.1. Field notation for ·differential leveling. 

r--------------------------------------------
1 01!22/90 p roJect -90E 000 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
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Station/r ,. Point 

I 

B.M. ,· 5231 

TP01 

TP02 

M~01 

GS01 

~scs 

~eir 01 

TP02 

T.B.H.01 

B.M. 523 r 
1 

I 

Region IV Site 
City, State 

I 
or BS I H. I. 

6.13 25.69 

2.10 19.58 

~ 

7.89 19.08 

6.26 20.78 

Name 

I 
- or FS I ELEV. 

19.560 

8.21 17.48 

8.39 11.19 

6.17 13.41 

8.88 10.70 

12.13 7.45 

10.30 9.28 

11.19 

4.56 14.52 

1.23 19.55 

L nd" S a IS urveyor - 'i" 
Ben Chmark - f 
~eather:60 1 s overcast; 5·10mph N 

Remarks 

Top of brass cap in concrete mon. 
marked B.M. 523 El.=19.560' 

Set nail in ground 

RR spike in tel e. pole NW corn. 
Athens St. and Georgia Ave. 

Top of casing for H~01 

Ground shot at H~01 

~ater surface of cyprus swamp 

Invert of weir 01 south of plant 

(Break set up to run levels back) 

RR spike in tel e. pole N~ corner 
Athens St. and Georgia Ave. 

Set nail in 24" Oak for temporary 
bench mark 01 

Checked to BM 523 (Off -0.01 1 ) 
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7.3.5 Procedures for Trigonometric. Leveling 

The 
benchmark 
theodolite 
bubble in 
three-screw 

total station theodolite, or instrunent, . is usually . set up above a 
and the elevation of the instrunent (H.I.) IIUSt be obtained. The 
is attached to the ·plate of the tripod by a ·fastening screw · and the 

the bullseye level is centered, · or brought · level by adjusting the 
leveling heads accordingly. Once the bullseye· bubble is centered, 

the theodolite is rotated 90 degrees at a time and the horizontal level bubble 
is checked 
instrunent 
horizontal 

and brought level using the three· screw leveling heads. The 
is ready for use .when, after repeated rotations, the bubble in the 
level remains exactly in the center or middle of its housing. 

The rodman has either a range pole equipped with a reflector prism (single 
or triple) or a tripod with the reflector prism. The prism is used to reflect 
the signal from the electronic distance meter in the total station theodolite. 
While located over the point(s) whose elevation is desired, the . rodman holds the 
range pole level by means of centering the bullseye bubble, or· sets up the tripod 
by means of centering the bullseye bubble with the three-screw leveling heads. 
The instrunent man sights through the telescope on the theodolite, lines · up the 
horizontal and vertical cross·hairs on the center of the prism and takes a 
reading of both the vertical angle (Av) and the distance to the prism. The 
difference in elevation between the theodolite and the prism is determined 
trigonometrically. A compass with a clinometer and a measuring tape could also 
be used for field measurements or as a map reference. 

The following three examples graphically depict the distances that IIUSt be 
considered and accounted for when using the. trigonometric leveling method to 
compute the vertical changes In elevation. The field notation for trigonometric 
leveling follows. 
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I 
I . EXAII'LE · 3: Figure 7.3.4. 

il 
I . 

I 
I 
I 
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I -

I 
I 
I 
I· .. 

I 
I 
I. 
I 
I 
-1 

. -
Elevation of. point desired is below the instrlinent. · 



EXAMPLE 2: Figure· 7.3.2. Elevation of point desired is above the instrument. 

Distance prism 
is above point 
(5.23') 

Difference in 
elevation :!!ought 

The elevation at point A in Figure 7.3.2 is 100.00 ft. The instrunent is 
set up 5.92 ft. above point A which makes the height of the instrunent (H. I.) 
105.92 ft. Given a slope distance (OS) shot to the prism (distance AB) of 323.88 
ft. and a vertical angle (AV) of 5"30 1 , the difference in elevation at point B 
is CoqxJted using the trigonometric formula: 

elevation difference = distance AB )( sinCAv) 

The 
elevation 
distance 
from the 
Substituting 

method described above only accounts for the relative ·difference in 
between the theodolite (H.I.) and the 

that the prism is held above the point in 
resulting elevation of the prism to obtain 

in the trigonometric formula: 

center of . the 
question must 
the elevation 

prism. The 
be subtracted 
of the point. 

elevation difference = 323.88 ft. )( sinC5"30' ). = 31.04 ft. 

The elevation of point B is: 105.92 ft. + 31.04 ft. - 5.23 ft. = 131.73 ft. 
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Figure 7.3.3 Field notation for Exarrple 2. 

r----~-------------------------------------
1 01 22 90 I I 
I 
I 
I 
I 
I 
I 
I 
I D 
I 
I 
I 
I 
I 

Station/ I 
Point 

iii A 

ist.A·B 

V. LBAC 

iii B 

ProJeCt 
Region 
City, 

+/OS 

5.92 

323.88 

-90E 000 
IV Site Name 

State 

H. I. ·/AV ELEV. 

105.92 100.00 

5"30 1 

5.23 131.73 

L nd" a IS s urveyor . T 
Ben Chmark - t 
1Jeather:60•s overcast; 5·10rrph 

Remarks 

Bl 
BC = AB X sin LBAC 

= 323.88' X 0.0958 
= 31.04 1 

A c II 

8=105.92 1+ 31.04 1 - 5.23 1= 131.73' 

I 
I 
I 

NIJ I 
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I 
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I 
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I 
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EXAMPLE 3: Figure 7.3.4. Elevation of point desired is below the instruilent. 
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EXAMPLE 3: Figure 7.3.4. 

:D: E.l. 
(105.92"} 

Elevation of point desired is below the instrurient •. 

p 

The elevation at point D in Figure 7.3.4 is 100.00 ft. The instrunent is 
set up 5.92 ft. above point D which makes the height of the instrunent (H.!.) 

105.92 ft. Given a slope distance (Ds) shot- to the prism (distance DE) of 323.88 
ft. and a vertical angle (Av) of 5"30 1 , the differ'ence in elevation at point E 

. is COIJ1lllted by substituting in the trigonometric formula: 

elevation difference 323.88 ft. x sinC5"30'> = 31.04 ft. 

The 
subtracted 
the point. 

distance that the 
from the resulting 

prism is held above the 
elevation · of the prism 

The elevation of point E is: 105.92 ft. • 31.04 ft. 

point in question must 
to obtain the elevation 

5.23 ft. = 69.65 ft. 

be 
of 



Figure 7.3.5. Field notation for Exalll'le 3. 

01/22/90 p • t roJeC -90E 000 
Region IV Site Name 
City, State 

Station/ 1 
Point +/OS H.J. ·/AV ELEV. 

Q D 5.92 105.92 100.00 

D ist.D·E 323.88 

V. lEDF 5"30 1 

Q E 5.23 69.65 

l nd" a IS s urveyor - "f 
Ben Chmark - + 
Ueather:60's overcast; 5·1011l'h 

Remarks 

D F 

EF = DE )( sin .lEDF 
= 323.88 1 )( 0.0958 
= 31.04' 

E 
E=105.92'· 31.04 1 • 5.23 1= 69.65 1 

NU 
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EXAMPLE 4: Figure 7.3.6. Spot .elevation differences using the law of sines. 

llhen 
elevation 

the 
can 

measurement 
be determined 

of the 
using 

sin a sin · fJ sin T 
= = 

a b c 

slope 
the 

Simple spot elevation differences 

distance 
law of 

is not 
sines from 

possible, differences 
trigonometry: 

a . b c 

= = 
sin a sin fJ sin ., 

can be determined by taking only 

in 

a few 
measurements. The measurements can be obtained with the total station theodolite 
or by using a c011p11ss. (equipped with a clinometer) and a measuring tape. 
above example (Figure 7.3.6), the vertical angle CAv) .is measured 
locations and the horizontal distance CDh) between those two measurements 
measured. Since the sum of the interior angles of each triangle should 
180", all the other interior angles are calculated. Substituting 

In the 
at two 
is also 

equal 
the 

measurements into the law of sines and solving for · x and y shown in Figure 



I 
7.3.5.5: 

X 113.5 1 y 161.36 1 

"' --------- ---------
sin 15" sin 10.5" sin 25.5" sin 90" I 

(sin 15") 113.5' (sin 25.5") 161.361 

X "' ---------------- y = -------------------. 
sin 10.5° 1 

X = 161.36 1 y = 69.4 1 I 
Note that the method described above only accounts for the relative 

difference in elevation between point A and the point in question, point B. If 
an instrunent, such as a c~ss or theodolite, is used at point A, the .!!..:.!.:.. at 
point A rrust be added to the resulting elevation of the point in question. The 
field notation would include the figure · ·drawing, all field measurements, and all I 
of the calculations. 
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7.3.6 Procedures for Barometric Leveling 

An "aneroid barometer" or altimeter is an instrunent that measures 
variations ·in atmospheric pressure. Because the pressure of the earth's 
atmosphere varies with height above sea level, a barometer could be. used to 
measure the approximate differences in altitude ··or elevation. However, 
atmospheric pressure also varies with changes in t~rature, hi.Jllidity and 
regional or local pressure changes caused by weather conditions. The appropriate 
corrections for these · changes in air colum t~rature,. hi.Jllidity, and barometric 
pressure nust be applied where maxirrun accuracy is desired. HI.Jllidity · corrections 
are normally negligible, and the additional readings to C()lll>ensate for hi.Jllidity 
are of questionable value. However, t~rature and barometric corrections to 
the altimeter readings are necessary to obtain favorable results. A COfllllete 
discussion of the altimeter observation corrections as well as the theory and 
general procedures . used in reading the American Paul in System altimeter may be 
found in Precision Altimeter Survey Procedures A Comprehensive and 

·Authoritative . Treatise on Modern Altimeter Surveys, by Dr. Robert A. Hodgson. 
The procedures contained herein have been paraphrased from this manual with 
permission from the American Paul in System. 

There are two types of altimeters in c0111110n use for determining differences 
in elevation. They are the American Paul in System altimeter and the \lallace and· 
Tiernan altimeter. The American Paulin System surveying altimeter, used by 
Branch personnel, offers excellent results when third order accuracy is not of 
prime i~rtance. The Branch altimeter is graduated in one·foot · increments and 
has an operating range of -1,000 feet to +5,000 feet of altitude. The altimeter 
is useful when it is desirable to measure differences in elevation on mountainous 
or wooded terrain; where the use of cUTbersome surveying ·equipment is 
prohibitive; or, as a supplemental tool used in conjunction with ·other surveying 
equipment. The altimeter could also be useful when site specific geologic 
mapping is necessary. A c~ss could be used as a field· measurement to map 
reference. 

Although · the altimeter is specially constructed for rugged field use, as 
with all sensitive Branch equipment, reasonable care should be exercised to 
prevent 
procedures 

damage to the internal parts of the instrunent. The following . general 
for the ''single altimeter method with t~rature and barometric 

corrections" should be followed when reading the altimeter and ·when recording and 
c~ting traverse data: 

7.3.6.1 Reading the Altimeter 

ProceciJre at the Base Station (See Figure 

(1) 

(2) 

Allow approximately 10 minutes for 
ambient temperature. (Do not place 

when possible.) any time. Use shading 

Place 
point 

altimeter 
where the 

on the base station 
elevation has been 

7.3.7.) 

the altimeter to adjust to the 
at altimeter In direct 

(typically 
previously 

a benchmark 
determined). 

sunl igt.t 

or other 



(3) 

(4) 

(5) 

(6) 

Level the altimeter : by means of the bullseye 
window. 

bubble on the "plastic 

Balance the altimeter by turning the large pointer knob at the 
center of the face of the altimeter. By using the reflecting mirror 
and reading directly above the Balance Indicator needle, the 
parallax in reading can be avoided. 

Note: Always balance the instrument from the positive (+) side of 
the window. Make sure that the Balance Indicator needle covers its 
own image in the mirror. 

After the altimeter is balanced, the pointer may be set to the 
desired elevation (elevation of the base station benchmark) by 
raising and turning the Reset Control knob. \lhile doing this, view 
the Pointer from · directly above (a magnifying glass is provided) so 
that the sides of the knife edge are not visible when the pointer is 
directly above the engraved elevation mark. 

Record the elevation of the base station, temperature (to the 
nearest degree), and the time of the reading. 
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7.3.6.2 

Proc:edJre at Slbsequent Stations 

(1) Place altimeter at the next 

(2) 

(3) 

(5) 

Note: 

Level 

Balance 
small 

Record 

the instrunent (bullseye 

the instrunent 
knob). 

elevation, time, 

using 

and 

CTh is procedure is continued 
considered to be c~lete by 
benchmark). 

Recording and CO!!IlUt i ng Altimeter 

station point. 

. bubble). 

the large 

ten-perature. 

at each 
returning 

Data 

pointer knob. 

station. 
to the base 

(Do not reset 

The traverse is 
station or other 

The American Paulin System ·altimeter is calibrated to measure true 
differences in altitude when used at a ten-perature of 50"F (assuming no change 
in barometric pressure). Uhen the. average ten-perature of two successive 
ten-perature readings fall above or below 50"F, it is necessary to apply a 
ten-perature correction to adjust the recorded · differences in elevation that are 
a result of ten-perature change.· The difference in altitude between two 
successive stations is recorded in · the field book ·as positive when moving from 
a lower to a higher station (altitude) and negative when moving from a higher to 
a lower station (altitude). The ten-perature correction takes the same sign as 
the difference in altitude when the average ten-perature is above 50"F and will 
take the sign opposite the sign of the difference in altitude when the ·average 
t~rature falls below 50"F. 

Temperature 
graph found in Dr. 
c~te the percent 

corrections 
Hodgson•s 

adjustment 

can 
manual. 

due 

be determined 
The following 

to temperature 

x = n 1 + T2 - 1oo> x o.1o2 

by referencing 
foriiiJla may 

change: 

the 
also 

tables 
be used 

or 
to 

Exarrple: The t~ratures recorded at two successive stations are 40"F 
·the 

and 
41"F, 
stations 

respectively. The uncorrected difference 
is 31 feet. Slbstitutfng in the percentage 

in altitude between 
adjustment foriiiJla 

two 
we get:·. 

X • (40 +. 41: - 100) X 0.102 . = -1.938X 

By. 111Jl tfplying the uncorrected difference by the percentage 
factor, we get the t~rature correction given 

in altitude 
in feet: 

~0.0194 x 31 ft. = ·0.6 ft.. (temperature correction) 

After the altimeter readings are corrected for temperature, the change in 
barometric pressure that occurred during the time of the traverse IIIJSt. be 
applied. For Branch purposes, it · will be assumed, that the rate of change of 
barometric pressure Is constant. The change· in barometric pressure that occurs 



during the time of the traverse is taken to be the difference between . the 

temperature corrected 
known elevation) and 

reading of the last station (benchmark or other point of 
the actual elevation of that last station or benchmark. To 

obtain 
pressure 
change 

the barometric 
fs divided 

correction (CB) for each .reading, the change in barcimetric 
by the I"'U!ber of minutes in the traverse. The barometric 

per minute is obtained. By IIUltiplying · this factor by the nl.ll'ber of 

minutes between each station, the amount of barometric change for each station 

is obtained. 

Certain considerations should be taken into account when using the 
altimeter. A sudden change in weather conditions during the time of the traverse 
may affect the rate of change in the local barometric pressure which could lead 
to incorrect barometric corrections. A change in wind velocity and turbulence 
could also adversely affect the recording and, therefore, the barometric 
correction. . Generally, good altimeter traverse· results can be obtained during 
the early morning or late afternoon. Before starting the altimeter traverse, it 
is a good practice to check the altimeter at two or more base stations or bench 
marks. This is done to insure that the altimeter is in good working order, to 
be certain the proper procedures are being used, and to provide a background 
check on the local barometric conditions. The following is an exafll'le of field 
notation for the above described single altimeter method traverse: 

EXAMPLE 5: Figure 7.3.8. Field notation for the single altimeter method. 

01122!90 Project 90E·OOO Landis Surveyor • "i" 
Region IV Site Name Ben Chmark • ~ 
City, State Yeather: . Clear; 0·5 ~ NY 

No. Remarks Time Reading T ("f) • in Av. :z: of T~. Cor. Adj. cB Elevation 
Reading T~. X Total Reading c~. Actual 

,&·1 BH·ESD·IV Athens 07:30 747 40" 747 
+31 40.5" -0.6 

•·2 Top of 'waterfall 07:37 778 41" ·0.6 m.4 +2.9 780 
+20 41.0" -0.4 

•·3 Invert culvert 4 07:45 798 41" ·1.0 797.0 +6.3 803 
·93 41.5" +1.6 .. , Base of falls 07:55 705 42" +0.6 705.6 +10.6 716 
+27 42.5" -0.4 .. , BH·ESD·IV 08:05 732 43" +0.2 732.2 +14.8 747 

.&·1 BH·ESO·IV 08:15 747 45" 747 
·22 46" +0.2 

•·5 Epps Bridge 08:24 725 47" +0.2 725.2 +2.2 727 
-s 48" +0.02 

··6 Yeir W·2 invert 08:30 720 49" +0.22 720.2 +3.6 724 
+45 so• 0 

.&·4 BH·UGA·IV 08:37 765 51" +0.22 765.2 +5.3 no 768 
+21 52" +0.09 

•·7 Athens airport 1 08:45 786 53" +0.31 786.3 +7.2 793 
·75 54" -0.6 

•·8 Oconee R. ill 441 08:56 711 ss• ·0.29 710.7 +9.8 721 
+24 ss.s• +0.3 

.&·9 BM·ESO•IV 09:05 735 56" +0.01 735.0 +12.0 747 
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7.4 AERIAL . IMAGERY 

7.4.1 

Aerial is unique and distinct from the other field measurement 

tools and 
imagery 

procedures 
supplement 

discussed in this manual. However, it is frequently an 

invaluable to field studies. It records a great deal of detail that 
can provide a guide for other field measurements as welr as historical documents-

tion of conditions at the time of acquisition. 

Aerial imagery is obtained and interpreted using state-of-the-art 
techniques to the extent justifiable for the intended use. Photographic 
·interpretation by its subjective at times. \Jhen an 
interpretation is questionable, 

nature, 
the 

very 
opinions of several photographic analysts 

will be solicited. Environmental interpretation, where natural features have 
been slightly modified by man, is rruch more · subjective than military 
interpretatIon, where definite, man·made features are sought out. Therefore, 
where environmental interpretations are not clear·cut, they should be used only 
as tentative findings to be further verified or modified by subsequent field 
investigations. 

7.4.2 litigation 

Several 
of collecting 

• 

• 

• 

The 
litigation, 

• 

• 

• 

limitations apply to photographic missions . for the specific purpose 
evidence to be used in litigation. 

The military services 

If a court injunction 
EPA, a search warrant 

camot be used for such purposes (4). 

prohibiting trespassing 
rrust be obtained for 

is in effect 
the overflight. 

against 

Even in 
litigation 
Counsel 

the absence of a court injunction, if the case is in 
or in the preparation for likely litigation, the Regional 

must be consulted for his/her recommendation on the need for 
a search 

'· 
following, 

subject 

Imagery 

warrant. 

general-purpose imagery, more 
to the guidance of the Office of 

or overlays prepared from 

can also be used in 
the Regional Counsel: 

acquired by the military, 
or. anyone else, for other purposes: 

imagery 
i.e., 

clearly 
for broad-area 
not . · comected 

mapping or 
inventorying, routine missions with the 
litigation, etc.: 

Archival . imagery antedating the litigation in question: and 

"Targets of opportunity,"· such as a stack putting up dense smoke, an 
LnJSual discharge from. an outfall, etc., which are photographed 
while on a mission for· another purpose or for general surveillance. 
(This is equivalent to stopping at the side of a road to photograph 
a suspected violation . of. any law.) 



7.4.3 

All requests for aerial imagery and other remote sensing services shall be 
coordinated through the Regional Remote sensing Coordinator as specified in the 
April 2, 1980, memorandun on this subject by the Deputy Regional Aaninistrator 
(5). The coordinator shall make appropriate contacts ·with the Remote Sensing 
Branch, Environnental Monitoring and Suppo~t Laboratory, Las Vegas, Nevada CEMSL-
LV), with the Environnental Photographic Interpretation Center (EPIC) in 
\larrenton, Virginia, or with others as necessary: and the coordinator will 
arrange for direct follow-up contacts between the requestor and the group to 
provide the service If desired. All Enviropod activities will be under the 
aaninistrative direction of the Regional Remote Sensing . Coordinator. However, 
to the extent practical, efforts will be made to involve the user of the imagery 
In the missions for acquiring ft. 

Interpretation of photographs and other imagery within the Branch will be 
responsibility of each individual program, although some limited assistance the 

may 
from 

be available from the Remote Sensing Coordinator. Requests· for this service 
groups outside the Region should be initiated as specified above. 

7.4.4 

In general, each program requesting remote sensing services will have to 
pay, from either national or regional funds, for necessary flight time, film and 
processing costs, and interpretation and preparation expenses. Costs · can often 
be minimized by the Remote Sensing Coordinator by combining missions, locating 
archival imagery, and by using limited ORO support funds when avai table. The 
Remote Sensing Coordinator will arrange for cost estimates as needed. 

7.4.5 Enviropoc! Procedures 

The Enviropod will be installed and operated by persomel familiar with the 
detailed instructions prepared following the Envi ropod Installation and 
Operations Course at EPIC (6). Mission planning will be done using appropriate 
nomograms supplied by EPIC or with the HP-97 Enviropod Program (7). All flight 
lines shall be logged on a data ,sheet. After exposure, film and log sheets 
should be promptly shipped to EPIC at Vint Hill Farms in Warrenton, VA, for 
processing. 

7.4.6 Specific Oualfty Control Procedures for Aerial Imagery 

All film is processed using the manufacturer's recommendations for tem· 
perature, time, and density of solutions. At the end of each Enviropod mission, 
approximately eight or ten frames will be exposed for trial development f,r EPIC 
to determine whether adjustments nust be made in processing rates or temperatures 
to obtain a clear image. These will be noted on the log sheet with notes on 
l fghtfng and weather conditions. Enviropod personnel at EPIC will be contacted 
before each mission (or monthly, whichever is less· frequent) to determine current 
experience and recommend f•stop settings for various cloud covers and atmospheric 
conditions. 
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Recording fathometers are used t«? provide bathymetric traces of water 
depths. Because water depths are time dependent (especially in tidal areas), the 
date and time of all traces should be noted. Operation manuals provide operation 
and calibration procedures to be followed. In particular, tide and draft 
adjustments provide datun calibration in regard to the respective tidal amplitude 
and sensor probe depth. During the initial setup of each survey, the fathometer 
calibration should be checked against a field measurement of water depth made 
using a graduated sounding line. All traces should be noted with transect 
description, chart speed, direction of travel, and' pertinent reference points and 
then indexed to a site map. When working in tidal areas, a water stage recorder 

levels (see Section 7.6) should be positioned to provide a histogram of water 
correlate with the bathymetric trace. 

7.5.2 Equipment Avai table 

The following Branch equipment is available for bathymetric surveys: 

• recording fathometers; 

• water level recorder and/or referenced gaging station(s); and 

• cat ibrated sounding line(s). 

7.5.3 Specific Equipment Quality Control 

All 
shall be 
procedures 
equipment. 

equipment 
kept of 

shall 

used for · bathymetric 
all maintenance and 
be used to maintain 

7.5.3.1 Recording Fathometers 

Procedures 

studies shall be nunbered 
calibration 
and calibrate 

procedures. 
bathymetric 

These fathometers shall: 

and · a record 
The following 

measurement . 

• Be calibrated and maintained according to 
should 

the manufacturer's 

• 

instructions 
a reliable 

Be checked 
utll izing 

before use. The 
time source before 

in the field 
a calibrated 

against 
sounding 

chart speed be checked against 
the instrument is sent to the field; 

a field measurement of water depth 
line; and 

• Be cleaned daily after. use end prior to being stored. 

7.5 .3.2 ~Sound~~il..l.!"!9:;:a__~L.:.:i ne~s lines will . be calibrated against 
a steel surveyors tape end shall 

All sounding 
be accurate !3 percent. 

7.6 SURFACE YATER STAGE/TAPE· DOWIS 

7.6. 1 Procedures 

to 



\later. level recorders prov.ide a time series record of water levels. · · \lhere 
possible, these instrunents should be referenced to National Geodetic Vertical 
Oatun (NGVO). All water level tracings should be noted with beginning and ending 
date and time, sfte location, stage scale, and time scale and initialed by the 
servicing Branch persomel. Standard USGS staff gages should be eflllloyed at each 
water level recorder site to provide a reference and check on the recorder trace. 
\later stage should be recorded to the ne.arest 0.01 foot where possible. 

Tape downs provide instantaneous water stage as referenced to a known ele-
vation. An engineering tape is fashioned with a plurb bob to measure from a 
bridge deck or . other reference ·point to the water surface. The plurb bob pro-
vides weight for the tape as well as providing a discernible contact with the 
water surface. All measurements should be to the nearest 0.05 foot accompanied 
by a date, time, and station location. The exact reference or point from which 
a tape down is measured shall be permanently marked on the · reference (wing wall 
or bridge rail by etching a reference with a chisel, etc.) and a COfllllete 
description of the reference shall be made in the field records. 

Both of these procedures (water stage and tape downs) are predicated upon 
accurate references to established measuring points. As mentioned above, the 
NGVD is an established datun that provides correlation of water surface record· 
ings to engineering structures (bridge, wing walls, sea wall caps, clarifier cat , . 
walks, etc.). \lhen recording water level dynamics in relation. to a particular 
flow device, the datun is established in relation to the flow device reference 
point. Rectangular and V·notch weirs, for instance, are proportional to the 
water level referenced to the weir crest or, in the case of partially filled 
pipes, the flow rate is proportional to the depth of flow. Therefore, when 
etrploying a water level recorder or tape down on primary flow devices the 
reference or datun is the weir crest or in the case of pipes, · the invert (see 
Section 5, Flow Measurement). 

7.6.2 

down 

7.~.3 

Eauipnent Available 

. The following 
measurements: 

Branch equipment is available 

• 
• 
• 
• 
• 
• 

Model 
Model 
Model 

F Stevens Stage Recorder(s); 
A-71 Stevens Stage Recorder(s); 
1152 SSM ENDECO Stage Recorder( s); 

'JSCO Flow 
USGS Staff 
\leigh ted 

Meter(s) and 
Gage(s); and 

steel measuring 

Recorder(s); 

tapes • 

Specific Eguh:rnent Quality Control Procedures 

for surface 

A log book will 
down measurements. 

be kept of all equipment 
The following maintenance 

used for making 
-and calibration 

be used and recorded 
tape down measurements. 

in the log book for all equipment using 

water stage/tape 

water stage/ 
procedures 

for water stage 

tape 
shall 

and 

7.6.3. 1 Stevens Model A-71 · and Model F Stage Recorders These stage 
recorders shall: 
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• Be maintained according to the manufacturer's instructions. Once 
yearly, each lrlit shall be operated, and the time scale shall be 
adjusted to read within two percent of full scale. Once yearly, the 
recorders shall be bench checked by moving the recording mechanism 
vertically. The units must be accurate and record to within 0.01 
foot of the lnvar steel surveyor's chain. 

• Be checked in the field by C0111JBri son with a staff gage. During 
field measurements, the vertical accuracy shall check within 0.05 
foot, and 

• Be cleaned and maintained before storage • 

7.6.3.2 ENDECO 1152 SSM Stage Recorder(s) · -- This has no 
parts end uses 

Model 
solid state memory. In addition to water data, the 

instrunent 
recorder 

elso measures 
shall: 

and stores conductivity and te~Tperature 

instrunent 
level 

data. The stage 

control 

shall: 

• 

• 

• 

• 

Be , maintained 
in the field 
shall check 

according 
by c0fl1)8ri son 

within 0.05 

to manufacturer's 
with a staff 

foot. 

instructions and checked 
gage. The vertical accuracy 

Be within ! 0.55 m2/cm and ! 0.2°C of prepared conductivity standards 
and en NBS thermometer, respectively. 

Be cleaned and maintained before storage • 

7. 6.3. 3 .:.I;:.SC:::0:....-1:.:8:.:7.:0;.a.1 _ _.2:.=8:.:.7;:.0_.:...F ;:.:l O:.:W=-......:.M.:::e~t.::,e.:...r _.:a:.:nd:::_...:R:.:e,.=C~O.:..;rd::::e:.:r..l(..:::S~) -- see specific 
Measurement. 

quality 
procedures for this equipment in Section 5, Flow 

7.6.3.4 

• 

• 

• 

7.6.3.5 

• 

• 

USGS Staff Gage(s) USGS staff gages shall: 

Be checked 
to within 
chain shell 
calibration. 

·on receipt from 
0.01 foot when 

be discarded. 

the vendor. 
C0111JBred with 

Gages will 

Any staff gage 
the lnvar steel 

be apPropriately 

not accurate 
· surveyor's 
marked upon 

Be checked for damage, warpage,. legibility, etc., before use. Any 
demaged or illegible staff 

Be cleaned efter use before 

Weighted Steel Meesuri09 

Be celibrated egainst the· 
celtbretion shell be within 

gages shall be discarded. 

being stored. 

Te~s -- Weighted steel measuring 

Inver. steel 
0.01 foot per 

surveyor's , 
10 feet of 

chain. 
length. 

Be . checked 
recelibreted 

for damage 
or . di_scerded. 

before use; damaged tapes shall 

Be cleaned efter use before being stored. 

tapes 

The 

·be 



7.7 GROUND \lATER LEVEL 

7.7. 1 

MEASUREMENT 
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The measurement of ground water level in wells is frequently conducted in 
conjunction with ground water sampling. Data from such measurements 

and can be used to establish 
are needed 

to determine 
flow direction 

the 11free11 water surface 
Specific 

ground water 

and gradients. techniques used by Branch personnel are 
presented in Appendix E. 

Total well depth measurements, along with ground water level measurements, 
are 
the 

necessary to determine the volume of water_ in a well casing prior to purging 
well during ground water sampling. 

All ground water level measurements, as well as total depth measurements, 
shall- be made in reference to an established reference point on the well casing. 
This reference. point shall be documented in field records. To be useful for 
establishing ground water gradient, the reference point should be tied in with 
the NGVD (National Geodetic Vertical Datum) or a local datum. An arbitrary datum 
conmon to all wells in a group may be used for an isolated group of wells, if 
necessary. 

7.7.2" Specific Ground \later Level Measuring Techniques 

the depth to the free ground water surface· be accomplished Measuring 
by the following methods (8). Method 

described. 
accuracies are noted-

can 
below for each of the 

specific methods 

7.7.2.1 Popper or Bell Sounder A bell· or cup·shaped ·weight that is 
hollow on the bottom is attached to a measuring tape and lowered into the well. 
A "popping" sound is made when the weight strikes the surface of the . water. An 
accurate reading can be determined by lifting and lowering the weight in short 
strokes, and reading the tape when the weight barely strikes the water. Measure· 
ments shall be recorded to the nearest 0.1 foot. 

7.7.2.2 \leighted Tape This method is similar to sounder" 
method, except that any suitable weight, not necessarily one 

the 11bell 
designed to create 

an audible pop, can be used to suspend the tape. The weight should, ideally, be 
made of a relatively inert material and should 
shall · be made and recorded to the nearest 0.1 

be easily 
foot. 

cleaned. Measurements 

7. 7 .2.3 Chalked Tape -- Chalk rubbed on a weighted steel tape will dis· 
color or be removed when in contact 
can be obtained by, subtracting the 
length. The .tape should be withdrawn 

with water. 
wet chalked 

quickly 
tendency to rise ~ the chalk due to capillary 

Distance to the water surface 
length· from the total medsured 

from the well because water has a 
action. Measurements shall be 

made and recorded . to the nearest 0.01 foot. This method is not recommended 
contaminants. 

if 
samples · are to be collected for analyses of organic or inorganic 

spool 
the 

7.7.2.4 Electric \later Level 
of dual conductor wire, a probe 

probe comes in contact with · the 

Indicators 
attached 

water, 

This instrument consists of a 
to the end, and an indicator. \lhen 

the circuit is closed and a meter 

I 
I 
I 
I 
I 
I 
I 
I 
I 
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light and/or buzzer attached "to. the spool will signal the contact. Pent ight or 
be 9-volt batteries ere normally . used for a power source. Measurements shall 

made end recorded to the nearest 0.01 foot. 

7.7.2.5 Other Methods 

and recorders avei leble on the 
pressure method,. and electrical 
are primarily used for closed 

There 
market 

end 
systems 

ere 
such 

other 
as the 

types of water 
sliding float 

automatic recording methods. 
or permanent monitoring 

indicators level 
method, 

These 
air line 

methods 
wells. Acoustic 

water level indicators ere also avei table which measure water levels based on the 
measured · return of an emitted acoustical 

before 
o., 

impulse. Accuracies for these methods 
very end should be . evaluated selection. Any method 
providing measurements to within foot shall not be used. 

7.7.3. Total \lell Depth Measurement Techniques 

The bell sounder, weighted tape, or electric water 
scribed in section 7.7.2 can be used to determine the total 
acc011pl ished by lowering the tape or cable until the weighted 
on the bOttom of the well. Because of tape buoyancy 
encountered in deep wells with long water colums, it 
determine when the tape end is touching the bottom of the 
taken in these situations to ensure accurate measurements; 
measurements Jn.Jst be made end recorded to the nearest 0.1 

7.7.4 Equipment Avei table 

level 
well 
end 

and 
may 

well. 
All 

foot. 

The following· Branch equipment. is. available · for ground 
total well depth measurements: 

• weighted steel measuring tapes, and 

• electric water level indicators. 

7.7.5 Specific Quality Control Procedures 

not capable of 

indicators de· 
depth. This is 

is felt resting 
weight effects 

be difficult to 
Cere Jn.JSt be 

total well depth 

water level and 

All . devices used to measure ground water levels shell be calibrated against 
the 
per 
to 

Inver steel surveyor's chain. 
10 feet length. Before each 

the manufacturer's instructions 

These devices shell be eel ibreted to 0.01 foot · 
use, these devices shell be prepared according 

(if appropriate) and checked for obvious 
·damage. 
specified 

These devices · should be decontaminated according to 
All 

the procedures 
in Appendix B.7.1 prior 

maintenance data shell be recorded 

7.8 TIME·OF·TRAVEL 

7.8.1 

surface 
dye. 

Three principal methods 
floats, measurements 

are 
of 

to use at the next well. 
in a log book. 

used 
cross 

to determine 
sectional 

travel 
velocity, 

time 
end 

eel ibretion end 

in streams, 
tracers 

i.e., 
such as 

A · very rough method for preliminary estimates of time·of·water travel con 



sists of dropping sticks or other buoyant objects · from bridges in the · stream 

reach 1.11der observation, and noting the time required for them to float an 

estimated 10 feet or some other convenient distance. The velocity estimates are 
too inaccurate for use in interpretation of data or final reporting, but can be 

useful in . preliminary planning of . studies and in subsequent more precise 

measurements of time·of~water·travel. 

Stream velocities at gaging stations, measured by the u. s. Geological 
Survey in developing rating curves, may be applied to the entire reach under 
observation to estimate time·of·water travel. This is somewhat more refined than 
the floating . objects estimates, but can still be far from accurate. There rarely 
are more than one or two gaging stations in most stream reaches being studied. 
Stream channels generally are restricted at gaging stations and velocities there 
are generally higher than average velocities throughout the reach. · Cross 
sectional velocities can also be determined at locations designated for a 
particular study. 

Tracer 
time·of·travel. 

dyes provide 
This is 

a direct and highly 
the preferred method 

accurate method 
if resources are 

of determining 
available. 

7.8.2 Procedures 

7.8.2.1 !.!.2m •• Surface floats may be followed downstream and timed for 
known distances to determine time·of·water·travel. This requires the use ·of 
considerable judgment, for floats tend to travel into quiet or eddy areas, or to 
become stuck on tree l irrbs, the stream bank, or other obstacles. The floats rrust 
frequently be retrieved. and returned to the stream current. The principal 
judgment factors are how long the floats should be left in quiet areas before 

· retrieval and where they should be placed in the current. 

Surface water velocity is greater 
be applied 

than 
to 
the 

the average for the entire stream, 
and a correction factor rrust 
velocity of about 85 percent 

the surface velocity. 
of that of surface velocity is 

An average 
a reasonable 

rule·of·thumb value. 

7.8.2.2 
velocities 
velocity 

at 
in the 

Cross Section Measurements •• The· measurement of cross 
frequent longitudinal intervals and the calculation 

stream constitutes a time ·consuming method of obtaining 

sectional 
of average 

time·of· 
water· travel. 

The longitudinal 
with the characteristics 
be adequate for streams 
every tenth of a mile 

intervals at which cross sections should be measured 
of the stream channel. One cross section 
with reasonably ~.niform channels. Cross 

may be desirable for streams with irregular 

per mile 
sections 

channels. 

Cross section measurement methods are described in detail in SectiDil 

7.8.2.3 The method of measuring time·of·travel 

vary 
may 
. at 

s. 

involves following a tracer. 
most 
Some 

accurate 
conservative 

tracers; 
industrial waste constituents, 

salt, or radioisotopes may serve as however, dye is most conmon. The 

most frequently used dye is· Rhodamine 'IT that can be detected in concentrations 

as low as 0.01 ppb by a fluorometer. 
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Prior to injection into 
This 
dye 

the stream, the concentrated dye . should be diluted 

will help insure il!lllediate maxirrun dispersion. with the stream water. 
Addition of concentrated without dilution may result in incomplete disper· 

sion, particularly in shallow 
for each study with particular 
fluorescence. 

streams. 
~as is 

Calibration 
on accounting 

curves 
for 

should be ·developed 
natural background 

The dye should be distributed across the stream at the upstream point, as 
nearly instantaneously as possible. The ideal distribution produces a narrow 
band of tracer in a uniform concentration across the stream. The band· of tracer 
mixes with water ahead of and behind it by diffusion, or longitudinal mixing, as 
it moves downstream to produce an increasingly wider band. The peak con· 
centration remains near, but somewhat downstream of, the center line of the band 
and decreases as longitudinal mixing proceeds. The times·of·water·travel to 
downstream points are the differences between the time the dye was added to the 
stream and the times the centroid of the dye mass arrives at downstream points. 
The length of the dye cloud and the peak concentrations produces a measure of 
instream dispersion. 

If Rhodamine In' dye 
so ppb allow satisfactory 

is used as 
definition 

the 
of 

tracer, 
the dye 

peak concentrations 
concentration curve. 

from 1.0 to 

Most methods of calculating the dosage of dye needed at the upstream point 
involve estimates of one or more stream characteristics, such as flow, velocity, 
length of reach, volume in the reach, cross-sectional area, average depth, and 
the roughness coefficient, "n", of Maming's formula. The USGS has produced 
excellent publications regarding to time·of·travel techniques, i.e., "Measurement 
of Time·of·Travel and Dispersion ·by Dye Tracing" (9) and 11 Fluorometric Procedures 
for Dye Tracing" (10). 

The stream should be safl1'led frequently as 
stream point to define the tracer concentration 

the dye arrives 
time curve 

at 
with 

the down· 
special 

~asis on the peak. The frequency may be varied 
versus 

from 
band 

by 

once each minute to once 
every 10 to 15 minutes, depending on how wide the of dye has becoine at the 
S&fl1'l ing point. The dye may be missed altogether overestimating the time 
required for it to . travel downstream. Much time may be wasted, on the other 
hand, waiting for it to arrive if the time·of·travel is underestimated. All 
information that will contribute to the best possible preliminary estimate of the 
time required should be used. 

There are . two primary methods by which 
for dye. A submersible purp can 

the 
be 

stream water 
used to purp 

can 
dye 

be S&fl1'led ' and 
continuously analyzed 

through a fluorometer 
Sllfl1'ler> 

or the stream Sllfl1'les can be grabbed (either 
into the 

by hand : or by 

fluorcmeter 
connected 

automatic 
individually. 

at specified frequencies and then placed 

"ith the 
to the fluorometer 
Readings ·directly 
can be manually 

can 
from 

plotted 

"flow· through" 
be used to 

the fluorometer 
against time 

version, 
plot . the 

scale 
when the 

a strip· chart recorder 
tracer concentration versus time. 
or conversion · to dye concentration 

grab S&fl1'l ing technique is used. 

A version of the grab . Sllfl1'ling · technique would be to use an automatic water 
S&fl1'ler which discharges into separate bottles. The &llf!1'ler is · pre·set to 
collect S&fl1'les at certain intervals; at the end of the S&fl1'le collection time, 



the discrete samples shall be analyzed and the concentration determined for each. 

The concentrations are then plotted against time. 

For proper determination of travel time, sanples should continue to be 

analyzed until the stream background concentration following the peak is mea· 

sured. lolith .a time versus concentration plot from background level to peak to 
background level, the centroid, and thus actual travel time, can be determined. 

The \later Supply Branch of the \later Management Division should be con-
tacted prior to conducting tracer studies in freshwater systems to insure that 
tracer concentrations do not inpart color to downstream public or private water 
supplies. 

7.8.3 

7.8.4 

travel 

Equipment Available 

The following Branch equipment is available for time-of-travel studies: 

• fluorometers, 
• tracer standards, 
• automatic samplers, 

• pul1)5, 

• recorders, 

• flow meters, and 
• floats • 

Specific Equipment Quality 

All of 
studies 

control 

Control Procedures 

procedures 
in Section 

for equipment 
4 (Sanpl ing 

utilized in time-of· 
Procedures), 5 <Flow 

Measurement), 

the quality. 
has been 

or 6 (Field 
discussed 

Analyses). 

7.9 DILUTION STUDIES 

7.9. 1 Procedures 

A great deal of the previous section (time-of-travel studies) applies to 
this section and USGS publications provide references to techniques, in partie· 
ular "Measurement of Discharge by Dye-Dilution Methods" (11). 

Dilution studies using tracer dyes evolve from "mass conservation" prin· 
ciples. 
after 

That is, a known mass of tracer is introduced . at an upstream point, and 
mixing with the water to be traced, this mass should be accountable at 

downstream 
i.!'ves t i gat ions. 

locations. Rhodamine \IT provides an adequate tracer for such 
This dye is slightly photoreactlve and reaction rates are 

avai table in the literature (generally K rate Is 0.034/day). Other tracers 
either introduced Into an upstream point or in some Instances occurring at the 
upstream point 
of fluorometers 

are often used. The high degree . of accuracy and detection abil fty 
plus the solubility properties of tracer dyes make them the 

technique of choice. 

In dilution 
to be traced and 

studies, . · the 
then monitored 

tracer 
after 

dye is precisely metered 
mixing via a fluorometer 

into the waters 
at downstream 
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stations. This series of events. requires highly controlled metering rates and 

very accurate fluorcmetric analyses. State·of·the·art fluorcmeters make the 

dilution study program a valuable · assessment tool. 

7.9.2 Equipment Avai table 

The following Branch field equir:men~ is available for dilution studies: 

• fluorometer, 

• metering ~ . 
• tracer standards, and 

• ~-

7.9.3 Specific Eauir::.ment Quality Control Procedures 

See previous section. The metering ~ shall be calibrated before and 

during use. Field calibration data shall be recorded in the field records. 

The principal of superposition as developed by Kilpatrick and Yotsukura of 
the USGS is a rel fable method to determine dilution levels of wastewaters in the 
receiving estuary (12). A tracer dye is metered into the wastewater stream· 
during a tidal cycle. Successive slack tide measurements of dye concentrations 
in the estuary at selective distances from the outfall produce a series of 
concentration curves. · By superposition, the accurulative concentration at each 
station provides a determination of the ultimate concentrations or steady-state 
concentration of 11 continuous discharge. By simple proportioning, with due 
regard to tracer photo . decay, the dilution levels of the discharge can be 
produced for selective points in the estuary. 

Calculation Procedure: 

cw = (Ct><ekt)(~) 
Vt 

= Ultiinate concentration of wastewater at point of interest 

Ct = Ultimate concentration of tracer (by superposition) at point 
of interest 

eltt • Photo decay of tracer 

It " 0.034 tidal day 

t • tidal days to ultimate concentration 

Vw = Wastewater discharge per tidal day 

Vt = Volume dye released in tidal day 



I 
For ex~te: 

Assune: ct = 100 ppb I 
ekt = 1.2 (ultimate concentration obtained in 5 

tidal days I 
vw = 100,000 gal/tidal day I 
Vt = 10 gat/for one tidal day 

Then: cw = 1,000,000 ppb 

= 0.10X wastewater I 
Investigations of industrial and rrunicipat faci t ities for NPDES permit 

corrpt iance . require measurements of discharge rates. Often ·encountered during I 
these Investigations are flow measuring devices such as orifices and magnetic 
meters which are inaccessible for measurements of ftow by standard equations 
relating to hydraulic head .and structure size. The following provides a direct 
technique for measurement of ftow through ·the ··above devices using dye tracers. 

I 
I 
I 

Discharge rate through any structure can be defined by the fol towing mass I 
balance . equation: 

MASS BALANCE EQUATION I 
Q2 I 
c2 Q (02+q1) 

q1, Q c, I 
cc1> (q1) 0: (C2) (Q2 + q1) 

Q2 = ~1l_ig1) - CCz.L..J.9ll 
I 

c2 

Where: 

Q2 = pi~ flow rate I 
I 
I 
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The following 
applications. 

·fs brief description of the inethods available and their 

7. 10.3. 1 Metal Detection -- Metal detectors are used to detect changes in 
electrical conductivity caused . by the presence of metallic materials, both 
ferrous and non-ferrous. Metal detectors: (1) are limited to shallow depths (0 

to 8 feet), (2) can detect large metallic objectives such as buried druns and 
metallic laden wastes,· (3) are light weight and economical, and (4) are 

insensitive to soil moisture and small metallic objects. 

7. 10.3.2 Magnetometry -- Magnetometers are designed to detect and accur
of the ately measure changes in the earth's ·magnetic field. The major feature 

magnetometer is ease of ·operation and reliability. 

The magnetometer's is detection objects 

such 
field. 
near 

as buried druns 
primary 

or large' 
should 

design 
bodies 

.function 
of ore which alter 

of magnetic 
the earth's 

in or around 
magnetic 

buildings, Magnetometers not be calibrated or used 
powerl ines, or directly on the ground. 

7.10.3.3 Electromagnetic Induction CEM> A transmitter induced coil 
directs induced current loops into the ground, which produce secondary fields. 
These secondary fields are then sensed or detected by the receiver col l, and then 
ampl if led and stored on a strip chart recorder or magtape, if desired. 

EM instrunents true sol l conductivity in uniform, homogeneous 
subsurface 
layered 

conditions. 
soils. 

measure 
EM units. ·also measure apparent soil conductivity in 

Measurements can be 

instrunents. EM units are 
detection of buried druns, 

obtained from depths to 60 meters with 
very 

pipes, 
effective for 

and me tall i c 
rapid site reconnaissance 

type conductors. · EM's 

these 
and 

are not 
limited by frozen · ground, or wet or dry soils. 

7.10.3.4 Ground Penetrating Radar CGPR) 

. Ground penetrating radar CGPR) 
pulses di recti y into the groiM'Id from 

· reflected back to the , receiver from 

units radiate 
ari antenna 
subsurface 

short 
near the 
structures 

duration 
surface. 

and 

electromagnetic · 
The pulses are 

are plotted on a 
strip chart recorder. 

The depth of GPR penetration . is site specific ranging 
feet in 
reduced 
defining 
difficult 

clay to 
if groiM'Id 
bolndaries 

to use 

7.10.3.5 

as much · as 100 feet in dry quartz sand. 
water electrical conductivity is high. 

of buried trenches and other subsurface 
in ail ty or clay soils. 

Seismic Refraction Devices CSRD) 

from as little as 3 
Depths are further 

GPR may be useful in 
disturbances, but is 

Field operation 
a aoiM'Id 
are then 

is acccrr.,l !shed by transmitting soiM'Id waves into the ground 
by means of source· . Chamner, · drop weight, explosives, etc~). Reflected 

soiM'Id waves detected by receivers or geophones which automatically 



translate them into electrical signals, which are recorded and displayed in graph 

form on a seismograph. Stratigraphic profiles can then be · determined based on 

travel time of the sound waves through the different earth strata. 

7. 10.3.6 ResistivitY 

Resistivity is used to measure the electrical resistance of the soil, rock, 
and ground water. The resistivity method requires that a electrical current be 
injected into the ground through a pair of surface electrodes. The resulting 
potential field (voltage) is measured at the surface by a second pair of 
electrodes. The electrical current flows from the electrodes into the ground 
through the. moisture-filled pore spaces in the soils and rocks. Resistivity is 

·controlled by the SIIIOI.nt of pore water present in the soil and . rock strata. The 
resistivity method can be used to locate and map contaminant plunes, locate and 
define trenches, and determine natural geohydrologic conditions such as depth to 
ground water, and depth to bedrock. The resistivity method is :limited in areas 
where soils contain little or no moisture, since dry soils will not permit 
current to flow. Very hard or coopacted soils or frozen ground fnpede the use 
of resistivity because the electrodes cannot be driven into the ground. 
Resistivity surveys are costly and time consuning which make the resistivity 
method unfavorable for a short reconnaissance trip or. a quick screening 
investigation. 

7.10.3.7 Very Low Frequency (Vlf) Ground Conductivity 

The VLF instrunent uses the magnetic COII'pOnents of the electrOmagnetic 
field generated by already-existing radio transmitters that use the .VLF band 
(Very Low Frequency, 15·30 kHz). Such transmitters are now operating in a nUTber 
of countries, and are used primarily for long-distance submarine communication. 

Electrically conductive structures on the surface or underground, even when 
covered with thick overburden, locally affect the direction and strength of the 
field generated by the transmitted radio signal. A weak secoric:lary field is 
generated around the geological structure, which is most comnonly a water·fi lled 
fracture or ore body. This field is measured by the instrunent. Different VLF 
instrunents available vary in the degree of useful output produced by each 
instrunent. Some merely quantify the ·secondary field measurement, while others 
provide real-time current density profiles · and structure interpretation of 
identified anomalies. 

7.10.3 Eguipnent Available 

The following Branch equipment is avai table for geophysical studies: 

• EM·31D Non·Contacti ng Terrain ·Conductivity Meter, 

• Unimag II Portable Proton Magnetometer Model G·846, 
• Pipe Seeker 5 metal detector, and· 

• ABEM \ladi VLF lnstrunent 

7.10.4 S~cific E9!:!ioment Quality Control Procedures 
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All geophysical instrunents . . used by Hazardous ~aste Section personnel or 

EPA contractors shall be calibrated .in accordance with the manufacturers• 

specified calibration procedures, and shall only be calibrated by personnel that 

have been trained to do so. The calibration shall be checked periodically to 

insure accurate readings, especially on re·entering the study area after having 

left for a period of time. All calibration procedures and pertinent information 

shall be docunented in the field logbook as outlined in Section 3.5. 

Personnel using the geophysical 
maintenance of such equipment, and 
gathered data in an 

equipment 
shall be able 

shall 
to 

be trained 
interpret 

manner in charts, graphs, 

reports. It is the 

easily -understood 

responsibility of each Hazardous ~aste Section 
to insure that the personnel designated to use the geophysical 

in the use and 
and present the 

maps, and formal 
·project leader 

equipment are 

qualified 
interpret 

in the calibration 
the data. 

and use of the equipment, and able to gather and 

Training on the calibration and use of geophysical , equipment that is cur· 
rently available will be conducted by qualified Hazardous ~aste Section personnel 
and will be given to all Hazardous ~aste Section personnel during 
training sessions scheduled throughout the year. 

7.10.4.1 EM·31 Non·Contactins- Terrain Conductivity Meter 

7.10.4.1.1 Assembly and Calibration Procedure 

• Align and connect transmitter tube to control box. 

• 

• 

• 

• 

• 

• 

Check batteries by setting mode switch to operate 
position and range switch to +8 position and - then'- to _·8 

position. The needle should read in the battery marie. 
If not, replace batteries. 

Align - and connect receiver tube to control box. 

Set range switch to 30 millimhos/meter position. 

Set mode switch 

Adjust 
controls. 

meter 

Check phasing, 

to c~ • position. 

to . zero using coarse end fine 

set mode _switch to phase position • 

• Note meter reading. 

• 

• 

Rotate coarse 
adjustments 

control 
are needed. 

to original position. 

If there 
adjustment 

is a .difference in meter 
is needed. 

No further 

readings, an 

in-house 



• 

• 

• 

Put coarse control . in original position. 

Rotate phase potentiometer 1/4 turn clockwise and note 
meter reading. 

Rotate 
reading. 

coarse control one step clockwise and note meter 

• If meter reading does not change, 
Return coarse control to original 

no further 
position. 

adjustment is needed • 

• 

• 

• 

• 

Note: 

If meter 
Lr~til meter 
is rotated 

reading 
reading 

one step 

changes 
remains 
clockwise. 

repeat 
the same 

above 
when 

Meter should read between 
(in Black Mark). 

75 - 85 percent 

Return coarse control to original position. 

EM-31 is ready for operation! 

adjustments 
coarse control 

of full scale 

When calibrating the EM-31 over ground with higher conductivity 
30 millimhos/meter, the range switch should be set 
appropriate range level. 

7.10.4.1.2 EM-31 O~rating Procedure - Measuring Soil Conduetivit::z: 

• Adjust the shoulder strap so that the instrument rests 
comfortably · on the hip. 

• Switch the mode switch to OPER position and rotate range 
switch so that meter reads in upper 2/3 of the scale. 

• EM-31 can be operated cent i nuous l y while moving from one 
measuring station to the other or the EM-31 can be 
turned off while walking from station to station and 
then turned on when taking a reading •. The latter saves 
battery life. 

• Dismantle EM-31 and clean before storage • 

7.10.4.1.3 EM-31 Operating . - Buried · Metal Detection 

• 

• 

• 

Set the mode switch to the COMP position • 

Set the range switch to 30 mi tl imhos/meter • 

Adjust the COARSE · 
a meter deflection 
obtained. 

and FINE c~nsation 

of about 20 percent 
controls 
of full· 

so that 
scale is 

than 
at the 
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• Operate the EH-31 
the exact location 

• Dismantle EH-31 

while 
of 

continuously 
the buried 

and clean before 

moving 
objects. 

storage • 

7.10.4.2 Unimag It Portable Proton Magnetometer 

7 .10.4.2.1 Cal I brat ion and Operating Procedure 

to determine 

Hodel G-846 

The Unimag II is COI'I'pletely self-contained and ready for field operation. 
s irrple 

• 

• 

• 

• 

• 

• 

procedures should be observed to obtain optirrun results. 

Check the sensor for sensor fluid: Shake the instrunent 
gently and listen for a "sloshing" sound. If the fluid 
is not present or cannot be heard, it will be .necessary 
to fill the sensor with strained kerosene or unleaded 
gasoline. This procedure is outlined in the operator's 
manual furnished with the instrunent. 

Check the battery: Sirrply depress the black push bottom 
and observe the readout. If the readout flashes 
during the display period, the battery is not 
charged. Refer to the operators manual for· 
recharging instructions. 

Lift 
the 

the Unimag II out 
for 

of .the carrying 
a comfortable 

case 
fit. 

and 
shoulder strap 

Adjust the 11 tuning-kit"ograms11 knob to a position 
correlates with the earth's magnetic field. The 
field can be• estimated by referring to the 
intensity map located in front of the operators 

on/off 
fully 

battery 

adjust 

that 
earth's 

world 
manual. 

Depress the . black button on top of the instrunent and 
release •. The center digit on the readout will, briefly 
flash. This indicates that the cycle has started. It 
will take two seconds for the · display to illuninate and 
give the earth's magnetic field in. ganmas. 

When operating, hold the Unimag · II waist high. \lhen 
depressing black button for reading, hold tnstrunent as 
still as possible. 

The instrunent . should exhibit one count stabfl ity. If 
one count stability is not possible, a ferromagnetic 
object is present . or a steep magnetic gradient is being 
encountered. Verify the one _count stabfl ity by 

repeating the measurement with the instrunent held in 
the same position. 

If the earth's · magnetic 
latitudes-equator area), 

Note: 
magnetic 
See operator's manual · for the 
rotation 

field is 40,000 g8111118s or less 
the sensor should be rotated 

correct procedure. The 

(low 

90". 
sensor 



Is not necessary 
the operator's 

• Do 

in Region 
manual. 

not operate 
Cpowerlines, 

IV. . If problems 

the Unimag II in 
etc.), or directly 

arise with the instrunent, r'efer to 

buildings, near high energy sources 
on the ground. Hold instrunent 

waist high. Do not wear magnetic objects such as jewelry, keys, 
watches, zippers, pocket kni,ves, belt buckles, etc. 

• Become famfl far with the instrunent and lt•s operation 
before attetrpting a field survey. 

7.10.4.3 Metal Detector • The Tracer Metallic Pipe & Liner Locator 

This instrunent is a very sensitive 
to detect buried 
before · any field 

piece 
objects. 
operation 

of equipment and has to be fine 
tuned (nulled) in order The operators's manual should 
be read and understood . is attetrpted. 

7 .10.4.3.1 Operating Procedure 

• Test the battery voltage on the transmitter and receiver 
(refer to the instructions in the operators manual). 
Make sure that batteries are fully charged. 

• Assenbly of the transmitter to the receiver 
the instructions 

should be 

• 

• 

• 

• 

7.10.4.4 

accorrplished according to in the 
operator's manual. 

Null the fnstrunent prior to use • "Nulling"· should take 
place in an area similar to the area of concern but 
where there are no buried metal objects. Refer to the 
instructions. 

Practical with the instrunent over · objects of known size 
and depth. 

For highest sensitivity, 
for an approximately 
instruments nulled. 

adjuSt 
half scale 

the sensitivity 
meter reading 

control 
with the 

Store instrument in a secure, dry place when not in use. 

ABEM \ledi VLF Instrument 

for detailed instructions. · following iS a SUIIIIB ry See owners mai"'JJIl 
of the basic steps for 
location of water·fflled 

routine operation of the \ledi 
The 

for site reconnaissance for 
fractured geologic terrain. 

7 .10.4.4.1 Opera tins Procedure 

• Turn Instrument on • 
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Select suitable transmitter. Face the direction of anticipated 
profile and press STATION key. IJadl will display current radio 
frequency and signal strength i'ndicator. Turn 360 degrees and 

observe the indicator. The length of the bar should be longest (or 
more nearly so) when facing the direction of the profile. If not, 
and if the nunerical value displayed with the bar is less than 10 .or 

greater than 50, a new transmitter must be selected. If a new 
transmitter is required, enter 0, 0, 0, and press the STATION key 
again. After about three minutes a frequency scan will appear. 
After the scan fs conpleted, select strongest signal · with large 
arrows on key pad and check for orientation of transmitter, as 

before. 

Select profile · start point and 
and select starting coordinate, 

separation distance. 

specify 
profile 

. grid. Press COORDINATE key 
separation, and measurement 

Conduct 

pr~t 

right 

measurements along profile. Press MEASURE key. Uait for 
to press MEASURE 

of 

key again. Observe inclinometer in lower 
portion 

measurements 
inclination 

screen. 
can be obtained 

of antenna is too 
will 
Remain 

indicate 
steady 

this condition. 
while IJadi 

measurement point and conduct 

For any additions profiles 
make turn 
measurements 
data for 

as required at 
along successive 

proper interpretation. 

A straight line is best, at though 
with the open· carrot syntlol. If 

great, instrunent will not measure and 
Re·orient antenna and try again. 

conducts measurement. Move to next 

In 

next measurement. 

the same grid, 
end of 
profiles. 

each 
IJadi 

using large 
profile to 

automa:ically 

arrows, 
continue 

stores 

To interpret any anomaly identified on profile, press ·MEASUREMENT 
key once and, using small arrows, move cursor to top of selected 
anomaly. Press INTERPRETATION key. After several seconds, 
interpretation will appear above anomaly. Identical vertical and 
horizontal scales allow for estimates to be made of depth of 
anomaly. 
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DRINKING WATER REGULATIONS 

AND HEALTH ADVISORIES 

by 

Office of. Drinking Water 
U.S. Environmental Protection Agency 

Washington, D.C. 
202-382-7571 

SAFE DRINKING WATER HOTUNE 
1-800-426-4791 (Toll-Free) . 

202-382-5533 (Washington, D.C.) 
. Monday thru Friday, 8:30 ·AM to 4:30 PM EST 

November 1990 
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LEGEND 

Abbreviations column descriptions are: •. 

MCLG - Maximum Contaminant Level Goal. A non-enforceable concentration of a drinking 
water contaminant that is protective of adverse human health effects and allows an 

· adequate margin of safety . 

· MCL • Maximum Contaminant Level. Maximum permissible level of a contaminant in water 
which is delivered to any user of a public water system. 

Reference Dose. An estimate of a daily exposure to the human population that is 
likely to be without appreciable risk of deleterious effects over a lifetime. 

DWEL - Drinking Water Equivalent Level. A lifetime exposure concentration prot·~ctive of 
adverse, non-cancer health effects, that assumes all of the exposure to a 
contaminant is from a drinking water source. 

(*) The codes for the Status Reg and Status HA columns are as·follows: 

E 
0 
.b 
p 

final 
draft 
listed for regulation 
proposed (Phase II and V draft proposals) 

1 Other codes found in the table include the following: 

I 
I 
I 
I 
I 
I 
I 
'I 

NA -
PS • 
1T • 

** 

*** 

not applicable 
performance standard 0.5 NTU - 1.0 NTU 
treatment technique 

No more than 5% of the samples per month may be positive. For systems 
collecting fewer than 40 samples/month, no more than 1 sample per month 
may be positive. 

guidance 

Large discrepancies between Ufetime and longer-term HA values may occur 
because of the Agency's conservative policies, especially with regard to 
carcinogenicity, relative source contribution, and less than lifetime exposures in 
chronic toxicity testing. These factors can result in a cumulative UF {uncertainty 
factor) of 1 0 to 1 000 when calculating a Ufetime HA. 



------------------ ---
DRINKING WATER STANDARDS AND HEALTH ADVISORIES 

NOOJembef 1990 Pooo 1 
Standards Health Advisories 

I I 1Mg Child I 7Mg Adult I 
I I I Longer- I Longer- pg/1 I Cancer 
JStaluS MCLG MCL IStatusl Ooo-day Ten-day term I term RIO OWEL Uetimo a1 10 4 JGroup 

Chemicals I Reg.• (pgll) (pg/1) I HA • I pg/1 pg/1 pg/1 I pg/1 #Jg/l<g/da'f #Jg/1 pg/1 Cancer I 
Risk 

I 
:::>RGANICS I 

I. 
Acenaphthylene .. 60 
Acifluorfen F 2000 2000 100 400 13 400 100 B2 
Aery lam ide p zero 1T F 1500 300 20 70 0.2 7 1 B2 
Acrylonitrile L 0 20 20 1 4 0.1 4 7 B1 
Adigates {diethvlhe~n p 500 500 700 20000 500 c 
Alachlor p zero 2 F 100 100 10 400 40 B2 
Aldie arb p 10 1Q• F 1.3 40 10 -•. 0 
Aldicarb sulfone p 40 40• F 6.0 200 40 0 
Aldicarb sulfoxide p 10 10• F 1.3 40 10 0 
Aldrin 0 0.3 0.3 0.3 0.3 0.03 1 0.2 1 82 
Ametryn F 9000 9000 900 3000 9 300 60 0 
Ammonium Sulfamate F 20000 20000 20000 80000 250 8000 2000 D 
Anthracene (PAH) l 300 D 
Atrazine p 3 3 F 100 100 50 200 5 200 3 c 
Ba~gon F 40 40 40 100 4 100 3 c 
Bentazon F 300 300 300 900 2.5 90 20 D 
Benz(a)anthracene (PAH) p zero 0.2 B2 
Benzene F zero 5 F 200 200 100 A 
Benzo(a)pyrene (PAH) p zero 0.2 B2• 
Benzo{b)fluoranthene CPAH'I p zero 0.2 82 
Benzo(g,h,i)parylene (PAH) p 0 
Benzo(k)fluoranthene (P AH) p zero 0.2 1 - B2 
bis-2-Chloroisopropyl ether I F 4000 4000 4000 13000 40 1000 300 
Bromacil I F 5000 5000 3000 9000 130 5000 90 c 
Bromobenzene I D 

• Under review. 
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wmber 1990 PCQ'..: 

Standards HeaJih Advisories 

I I 1~g Child 70-kg Aduh I 
I I I longer- Longer- pg/1 I Cane 
!Status MCLG MCL !Status I Ooo-day Ten-day tenn tenn RID OWEl lifetime a1 1 o 4 1 Groo 

;hemicals I Reg.• (.ug/1) (.ug/1) I HA*I #J!)/1 pg/1 pg/1 pg/1 il9fkWdcrf pg/1 pg/1 Cancer! 
Risk 

lromochloroacetonitrile I l D 
lromochloromethane I D 50000 1000 1000 5000 13 500 90 
lromodichloromethane (THM) I l D 7000 7000 400 1300 20 600 30 82 
lromoform (THM) I l 0 5000 2000 2000 6000 20 600 82 

~ lromomethane I F 100 100 100 500 1 50 10 D 
···~· lutyl benzyl phthalate (PAE) I p zero 4 200 c 

lutylate I F 2000 2000 1000 4000 50 2000 350 0 
lutylbenzene n- I D 
lutylbenzene sec- .I D •. 
lutvlbenzene tert- D 
~arbaryl F 1000 1000 1000 1000 100 4000 700 D 
~arbofuran p 4G 40 F 50 50 50 200 5 200 40 E 
~arbon Tetrachloride F zero 5 F 4000 200 70 300 0.7 30 30 82 
~arboxin F 1000 1000 1000 4000 100 4000 700 0 
;hroral H~drare L D 7000 1000 200 600 2 60 50 D 
;hloramben F 3000 3000 200 500 15 500 100 0 
~hlordane p zero 2 F 60 60 0.06 2 3 82 
;hlorodibromomethane (THM) L D 7000 7000 2000 8000 20 800 20 (. 

:hloroethane l D 
:hloroform (THM} l D 4000 4000 100 500 10 500 600 s:--
:hJoromethane l D 9000 400 400 1000 4 100 3 ~ .. 

:hlorophenol (2·) l 0 50 50 50 200' 5 200 40 
>-Chlorophenyl methyl 

sulfide/sulfone/sulfoxide I 0 I I 
::hJoropicrin I L I I I 
::hlorothalonil I I F 200 200 200 I 500 15 500 150 I ~-~.· ·: 

::htorotoluene o- I l I F ~~000 2000 2000 I 7000 20 700 100 I 
::hlorotoluene p- I L I F :!000 2000 2000 I 7000 20 700 100 I 
::hlorpyrifos I I D 30 30 30 I 100 3 100 20 I 
::hrysene (PAH) I zero 0.2 1 . I - I e~ 

::~anazine I L I F 100 100 20 I 70 2 70 10 I r 
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November 1990 Paqe3 

Standards Heahh Advisories 

I I 10-kg Child 70-kg Adull I 
I I I Longer- longer- pg/1 I Cancer 
IStarus · MCLG MCL ISiaiUSI One-day Ten-day term term Rf() DWEL Ufetime ~ 104 1Group 

Chemicals I Reg.* (Jig/f) (Jig/f) I HA* I pg/1 pgn pg/1 pg/1 pg/kg/day pg/1 pg/1 Cancer I 
Risk I 

Cyanogen Chloride . L 
Cymene p- D 
2,4-0 p . 70 70 F 1000 3()C) 100 400 10 400 70 D 
DCPA (OacthaQ F 80000 80000 5000 20000 500 20000 4000 D 
Dalaoon p 200 200 F 3000 3000 300 900 26 900 200 D 
Dichloroethylene (cis-1,2-) p 70 70 F 4000 1000 . 3500 11000 10 400 70 D 
Dichloroethylene (trans-1,2·) p 100 100 F 20000 2000 2000 6000 20 600 100 D 
Dichlorophenol (2,4·) L D 30 30 30 100 3 100 20 D 
Diazinon F 20 20 5 20 0.09 3 0.6 E 
Dibenz(a,h}anthracene (PA!::f} p zero 0.2 . - 82 
Dibromoacetonitrile l D 2000 2000 2000 . 8000 20 800 20 c 
Dibromochloropropane (08CP) p zero 0.2 F 200 5() 3 82 
Dibromomethane L D 
Dibutyl phthalate (PAE) p zero 4 100 D 
Dicamba l F 300 300 300 1000 30 1000 200 D 
Dichloroacetaldehyde L D 
Dichloroacetic acid L D 50000 50000 500 2000 .. 5 200 3 c 
Dichloroacetonitrile L - D 1000 1000 800 3000 8 300 6 c 
Dichlorobenzene p- F 75 75 F' 10000 10000 10000 40000 100 4000 75 c 
Dichlorobenzene o-,m· p 600 600 F 9000 9000 :9000 30000 89 3000 600 D 
Dichlorodifluoromethane - F 40000 40000 9000 30000 200 5000 1000 0 
Dichloroethane (1,1-) l D 
Dichloroethane (1,2·) F zero 5 F 700 700 700 2600 40 82 
Dichloroethylene (1, 1·) F 7 7 F 2000 1000 1000 4000 9 400 7 c 
Dichloromethane p zero 5 F 10000 2000 60 2000 500 82 
Dichloropropane (1,1-) 0 
Dichloropropane (1,2·) p zero 5 F 50 82 
Dichloropropane (1,3·) L D 
Dichloropropane (2,2-) L D 
Dichloro~ro~ne {1,1·) L 0 



~-------------------

-.lovember 1990 PaQ04 
Standards Heahh Advisories 

I I 10-kg Child I ~gAdul I 
I I. I . Longer- 1 Longer- pg/1 JCancer 
I Status MCLG MCL ISiatusl One-day Ten-day tenn I tcnn RIO OWEL Uctime al 10 4 JGroup 

Chemicals I Reg.* {llg/1) {llg/1) I HA*I pg/1 pg/1 pg/1 I pg/1 . pg/kg/da'f pg/1 pg/1 Cancer! 
Risk 

Dichloropropene (1,3·) L F 30 30 30 I 100 0.3 10 20 I 82 
Dieldrin l. F 0.5 0.5 0.5 I 2 0.05 2 0.2 I 82 
Diethyl phthalate (PAE) p zero 4 0 I 800 . I 0 
Diethylhexyl phthalate (PAE_ p zero 4 0 I 20 300 1 B2* 
Diisogro~l methvlghosghonate F 8000 8000 8000 I 30000 80 3000 600 - I 0 
Dimethrin F 10000 10000 10000 1 40000 300 10000 2000 I 0 
Dimethyl methylphosphonate D I· - I 
Dimethyl phthlate (PAE p zero 4 I - I 0 
1,3-Dinitrobenzene 0 40 40 40 I 140 0.1 5 1 - I 0 
Dinitrotoluene {2,4·} · L 0 
2,4·/2,6-Dinitrotoluene D 
Dinoseb p 7 7 F 300 300 10 40 1 40 7 D 
Dioxane p- I - F 4000 400 700 82 
Diphenamid F 300 300 300 1ooo 30 1000 200 D 
Diguat p 20 20 2.2 D 
Disulfoton F 10 10 3 9 0.04 1 0.3 E 
1,4-Dithiane 0 -
Diu ron F 1000 1000 300 900 2 70 10 0 
Endothall p 100 100 F 800 800 200 200 20 700 100 0 
Endrin .p 2 2 F 20 20 3 10 3 9 2 0 
Epichlorohydrin p zero lT F . 100 100 70 70 2 70 400 82 
Ethylbenzene . p 700 700 F 30000 ·3000 1000 3000 100 3000 700 0 
Ethylene dibromlde (EOB) p zero 0.051 F 8 8. 0.04J 82 
Ethylene glycol I F 20000 6000 6000 20000 2000 40000 7000 - 0 
ETU L I F 300 300. 100 400 0.03 1 6 82 
Fenamiphos I F 9 9 5 20 0.25 9 2 - 0 
Fluometuron I F 2000 2000 2000 5000 13 400 90 . D 
Fluorene (PAH) p zero 0.2 1 40 . 0 
Fluorotrichloromethane I F 7000 7000 3000 10000 300 10000 2000 . D 
Fgg Oil I 0 -



-
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N011ember 1990 Paoo s 
Standards HeallhA~ 

I I 10-kg Child ( 70-Jcg Adult I 
I I I Longer- I Longer- pg/1 tCancer 
!Status MCLG MCL IStatusl One-day TefHjay term I tenn RfD OWEL lifetime a1 104 1Group 

Chemicals I Reg.* {pg/1) {pg/1) I HA * I pg/1 pg/1 pg/1 I pg/1 pg/kg/cJav pg/1 pg/1 CancerJ 
Risk 

Fonotos F 20 20 20 70 2 70 10 - I 0 
Formaldehyde 0 10000 5000 5000 20000 150 5000 1000 - 81-lnhal 
Gasoline 0 - 5(benzene) -
Glyphosate p 700 700 F 20000 20000 1000 1000 100 4000 700 0 
He~tachlor p zero 0.4 F 10 10 5 5 0.5 20 0.8 82 
Heptachlor epoxlde p ·zero 0.2 F 10 0.1 0.1 0.013 0.4 0.4 82 
Hexachlorobenzene p zero 1 F 50 50 50 200 0.8 30 2 82 
Hexachlorobutadiene F 300 300 100 400 2 70 1 c 
Hexachlorocyclopentadiene p so 50 7 200 0 
Hexachloroethane 0 5000 5000 100 500 1 40 1 - •. c 
Hexane (n-) F 10000 4000 4000 10000 0 
Hexazinone F 3000 3000 3000 9000 30 1000 200 0 
HMX F 5000 5000 5000 20000 50 2000 400 0 
Hypochlorite L 
Hl{POChlorous acid L 
lndeno(1,2,3.-c,d)pyrene (PAH) p zero 0.2 0 82 
lsophorone L 0 15000 15000 15000 15000 200 7000 100 c 
Isopropyl methylphosphonate 
lsopropylbenzene 0 
lindane p 0.2 0.2 F 1000 1000 30 100 0.3 10 0.2 c 
Malathion 0 200 200 200 BOO 20 BOO 200 0 
Maleic hydrazide F 10000 10000 5000 20000 500 20000 4000 0 
MCPA F 100 100 100 400 1.5 53 11 E 
Methomyl F 300 300 300 300 25 900 200 0 
Metho~chlor p 400 400 F 6000 2000 500 2000 50 2000 400 0 
Methyl ethyl ketone F 80000 8000 3000 9000 25 900 200 0 
Methyl parathion F 300 300 30 100 0.25 9 2 0 
Methyl tart butyl ether L 0 3000 3000 500 2000 5 200 40 0 
Metolachlor L F 2000 2000 2000 5000 150 5000 100 c 
Metribuzin L F 5000 5000 300 900 25 900 200 0 
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ovember 1990 PaQO 6 
Standards Health Advisories 

I I 1 0-kg Child· 70-kg Adull I 
I I I 'L.OOgef'- Longer- pg/1 !Cancer 
!Status MCLG MCL !Status! One-day . Ten-day term term RtD DWEL Lletime ar to• 1Group 

Chemicals I Reg.• (ug/1) {pg/1) I HA*J pg/1 . pg/1 Jlg/1 pg/1 pg/kg/day pg/1 pg/1 .Cancer I 
Risk I 

Monochloroacetic. acid L I D - I 
Monochlorobenzene p 100 100 I F 2000 2000 2000 7000 20 700 100 - I D 
Naphthalene I D 500 500 400 1000 4 100 20 - I 0 
Nitrocellulose (non-toxic) I F - I 
r-JitrQguanidine I F 10000 10000 10000 40000 100 4000 700 - I D 
Nitrophenols p- I D 800 800 800 3000 8 300 60 - I D 
Oxamyl (Vydate) p 200 200 I F 200 200 200 900 .25 900 200 - I E 
Ozone by-products L I I 
Paraquat I F 100 100 50 200 :4.5 200 30 - I E 
Pentachforoethane I D - ~. 
Pentachlorophenol P 200/zero 200/0.1*1 F 1000 300 300 1000 30 1000 30 82 
Phenanthrene (PAH) p zer~ 0.2 
Phenol 0 6000 6000 6000 20000 600 20000 4000 D 
Picloram p 500 500 F 20000 20000 700 2000 70 2000 500 D 
Po~chlorinated bv~he~ls CPC8s) p zero 0.5 p 0.5 82 
Prometon F 200 200 200 500 15 500 100 D 
Pronamide F 800 800 800 3000 75 3000 50 c 
Propachlor F 500. 500 100 500 13 500 90 D 
Propazlne F 1000 1000 500 2000 20 700 10 c 
~ro~ham F 5000 5000 5000 20000 20 600 100 D 
Propylbenzene n- 0 
Pyrena (PAH) p zero 0.2 - 30 0 
RDX F 100 100 100 400 3 100 2 30 c 
Simazine p 1 1 F 500 500 50 200 2 60 1 c 
S~rene p zerol100 5l100* F 20000 2000 2000 7000 200 7000 0£100 1 182/C 
2,4,5-T L F 800 800 800 1000 10 350 70 - I 0 
2,3, 7,8-TCOD (Dioxin) p zero 5x10 1mg/LJ F 0.0011 E-04 1E-05 ~E-05 1E-06 4E-05 - 2E-05 I 82 
Tebuthiuron I F 3000 3000 700 2000 70 2000 500 - I 0 
Terbacil I F 300 300 300 900 13 400 90 - I E 
Terbufos I F 5 5 1 5 0.13 5 0.9 - I 0 

Under review. 
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November 1990 Paoe 7 
Standards Heahh Advisories 

I I 10-kg Child I 70-kg Adult I 
I I I Longer- Jlonger- pg/1 I Cancer 
fStarus MCLG MCL IStalus I One-day TerHSay term I term RfD DWEl lifetime a1 104 JGroup 

Chemicals I Reg.• (pg/1) (pg/1) I HA•I pg/1 llg/1 pg/1 I pg/1 pg/kg/day pg/1 pg/1 Cancert 
R~ I 

Tetrachloroethane (1,1,1,2·) L 2000 2000 900 3000 30 1000 70 100 I c 
. Tetrachloroethane (1,1,2,2-) l I 
·Tetrachloroethylene p zero 5 2000 2000 1000 5000 10 500 70 I 82 
Toluene p ·2ooo 2000• 20000 3000 3000 10000 100 5 1000 I D 
ToxaQhene p zero s• 500 40 100 3.5 3 I 82 
2,4,5-TP p 50 50 200 200 70 300 7.5 300 50 . I o· 
1, 1,2· Trichioro-1,2,2-

trifluoroethane 
Trichloroacetic acid L D 30000 30000 30000 100000 300 10000 200 \ c 
T richloroactonitrile l 0 50 50 
Trichlorobenzene {1,2,4-} p 9 9 F 100 100 100 500 1 50 9 D 
Trichlorobenzene (1,3,5-) F 600 600 600 2000 6 200 40 D 
Trichloroethane (1,1,1·) F 200 200 F 100000 40000 40000 100000 35 1000 200 D 
Trichloroethane (1,1,2·) p 3 5 F 600 400 400 1000 4 100 .3 c 
Trichloroethanol (2,2,2-) l 
Trichloroeth~lene F zero 5 F 7 300 300 82 
Trichlorophenol (2,4,6-) l D 300 82 
Trichloropropane (1,1,1-) D 
Trichloropropane (1,2,3·) F 600 600 600 2000 6 200 40 
Trifluralin l F 80 80 80 300 7.5 300 5 c 
Trimeth~lbenzene (1,2,4-} D 
Trimethylbenzene (1,3,5-) D 
T rinitroglycerol F 5 5 5 5 5 
Trinitrotoluene F 20 20 20 20 0.5 20 2 c 
Vinyl chloride F zero 2 F 3000 3000 10 50 1.5 A 
White QhOS(;!hOrus D 0.02 0.5 0.1 
Xylenes p 10000 10000 F 40000 40000 40000 100000 2000 60000 10000 D 
Zinc chloride D 

• Under review. 
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November 1990 Paoo8 
Standards Health Advisories 

I 'I I 10-kg Child I 7G-t<g Adull I 
I I I longer- I longer- IJg/1 I Cancer 
IStalus MCLG MCL IStalusl One-day Tef'Hjay -term I term Rfl) OWEl Ufetime a1 1 o 4 1 Group 

Chemicals I neg.• (pg/J) (pg/J) I HA•I pg/1 pg/1 pg/1 I pg/1 pg/kglday pg/1 pg/1 Cancer I 
Risk 

I 
INORGANICS I I 

I I 
Aluminum I L D I 
Ammonia I L D - 30000 I 0 
Antimony I p 3 10/5 D 15 15 15 15 0.4 15 3 I D 
Arsenic I p zero D 1 3 r A 
Asbestos {fiberslJ > 10um} · I P 7E+06 7E+06 - I 
Barium p 5000 5000* F 70 2000 I D 
Beryllium p zero 1 0 30000 30000 4000 20000 5 200 ~a I B2 
Boron L 0 4000 900 900 3000 90 3000 600 I D 
Cadmium p .5 5 F 40 40 5 20 0.5 20 5 I 0 
Chloramine l 0 1000 1000 1000 4000 10 400 300 I 0 
Chlorate L D 40 40 40 100 0.4 10 10 0 
Chlorine L D 3000 3000 400 2000 40 2000 1000 0 
Chlorine dioxide L D 300. 300 300 1000 3 100 80 0 
Chlorite L 0 100 100 400 400 1 40 30 
Chromium {Iotan p 100 100 F 1000 1000 200 800 5 200 100 D 
Copper p 1300 1300 D 
Cyanide p 200 200 F 200 200 200 800 22 800 200 0 
Fluoride F 4000 4000 60 
Lead (at source) p zero 5* B2 
lead {at taQ} p zero n• B2 
Manganese D 140 
Mercury p 2 2 F 2 0.3 10 2 D 
Molybdenum L D 80 80 10 50 1 50 50 D 
Nickel p 100 100 F 1000 1000 100 600 20 600 100 I D 
Nitrate Cas N) p 10000 10000 F - 10000 1600 - I D 

• Under review. 
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ovember 1990 Paoo 1 

Standards Healrh Advisories 

I I 10-kg Child I 70-kg Aduft I 
I . I I Longer- I Longer- pg/1 I Cancer 
!Status MCLG MCL I Status 1 One-day Ten-day term I term RfD. DWEL Ufetime at 10 4 IGroup 

Chemicals I Reg.* {IJg/1) {IJg/1) I HA* I pg/1 pg/1 pg/1 I pg/1 pg/kg/da'f pg/1 pg/1 Cancer I 
Risk 

Nitrite (as N) p 1000 1000 I 1000 1600 I D 
Nitrate + Nitrite p 10000 10000 I - - I 
Selenium p 50 50 I - . I 
Silver L I 0 200 200 200 200 5 200 100 - I 0 
Sodium L I 0 20000*** - I 
Stronrium l I 0 25000 25000 25000 90000 2500 90000 17000 - I 0 
Sulfate P400000/400000/ I . - I 

500000 500000 •. 
Thallium p 0.5 2/1 0 7 7 7 I 20 0.07 2 0.4 - I 
Vanadium l 0 80 80 30 I 100 3 100 20 . I 0 
Zinc l D 4000' 4000 4000 I 4000 100 4000 4000 . I 0 

-\DIONUCLIOES 

Beta particle and photon 
activity (formerly 
man-made radionuclides) F zero4 mrem I - - 4 mrem/yJ A 

Gross alpha particle aCtivity F zer015 pCI/l I - . I A 
Radium 226/228 F zero 5 pCi/l I . - 21/28 pCi/11 A 
Radon .T zero I . • 160 pCi/IJ A 
Uranium T zero I . - 26 oCill 1 A 



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

Key: 

•• . 
Varies: 

.. 
MICROBIOLOGY 

Status MCLG MCL 

Cryptospo.ridium L 

Giardia Iamblia F zero TT 

Legionella F' zero TT 

Standard Plate Count . F' NA · TT 

Total Coliforms (Current) F NA varies 

Total Coliforms (after 12131/90) F zero ** . •. 

Turbidity (before 1/1/91) F NA 1 and 5 NTU 

Turbidity (after 12/31/90) F NA PS 

Viruses F' zero TT 

PS, TT, F, defined as previously stated. 

Final for systems using surface water; also being considered for ~egulation under groundwater disinfection rule . 

MCL varies based on analytical method used, sample volume, and number of samples collected per month. 
Also, two types of MCLs = the monthly average and the "single sample" MCL. Both are based on coliform 
density. 

'1 and 5 NTU": These are two MCLs for turbidity. The monthly average MCL is 1 NTU; the two-day consecutive average MCL 
is 5 NTU. 

' ' 
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SECONDARY MAXIMUM CONTAMINANT lEVElS 

November 1990 Page 10 
SMCLs 

Chemicals Status* (mg/1) 

Aluminum p 0.05 to 0.2 
Chloride F 250 
Color F 15 color units 
Copper F 1 
Corrosivitv F non-corrosive 
Dichlorobenzene -o p 0.01 
Dichlorobenzene -p p 0.005 
Ethylbenzene p 0.03 
Fluoride F 2 
Foaming Agents F 0.5 •. 
Hexachlorocyclopentadiene 0.008 
Iron F 0.3 
Manganese F 0.05 
Odor F t3 threshold odor numbers 
Pentachlorophenol p I 0.03 
pH F I 6.5 - 8.5 
Silver p I 0.09 
Sulfate F I 250 
Toluene p I 0.04 
Total Dissolved Solids (TO) F I 500 
Xylene p I 0.02 
Zinc F I 5 

* Status Codes: P - proposed, F - final 


