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1. Tŷ s efWaii; 

*L No i of Qp^sr 

Q U i — i •wbL [J onset Pipe Line 

Area Pipe'Line Company 
1 AddnaofOpeotH 
15600 J.F. Kennedy Blvd, Suite 300, Houston, TX 77032 

1 WCUNL K/A 
9. Pari BUM or WMca 

N/A 
«. ~!fcx«aM from pipe line location 

Seedm 
20S 36£ 

NMPM 

IL Appxopnas Box to Indicant Name of Nodes, Report or Other Dafia 
NOTICE OF INTENTION TO: 

PSPPORMREMEOULWOBK WWW PUUG AMD ABANDON Q 

TEMPORARILY ABANDON D CHANGE PLANS G 

PULLORATSHCASNG • 

OTXER' _ O 

SUBSEQUENT REPORT OF: 
ft£MED1ALWCRK . O ALTERING CASING C 

CCMMENCEOfilLLiNGOPNS. D PUIS AND ABWDQHMENT C 

CASINO TEST AND CEMENT JOB O 

— —— c 
IT TViriflii rni|»<«t n fnigliriil 0|iiHiiiu (Clmuij Hull iiffjinimtf Awiifr nirfjfw f*nji|nr rfnrrr fnrfnrfnf ITT ' J { ~""~~f 1— * 

Pipe Line operator (AACO) proposes co perform on site remediation gf^rude 
o i l impacted soils by landf arming. Refer to "Setwdiaticn Work Plan,^ 
Monument Release Site, Monument TW" which i s attached* 

6*1* 

J^Jr^^JW be. r*j 

TQTRL P. 01 



ARCO Pipe Line Company 

Houston, Texas 

ENSR ® 

OCT 2 81996 

Remediation Workplan 
Monument Release Site 
Monument, NM 

Environmental Bureau ENSR Consulting and Engineering 
0 « Conservation Division 

October 1996 

Document Number 0480-E89 



ARCO Pipe Line Company 

Houston, Texas 

Remediation Workplan 
Monument Release Site 
Monument, NM 

ENSR Consulting and Engineering 

October 1996 

Document Number 0480-E89 

* . . 



ENSR 

CONTENTS 

1.0 INTRODUCTION 1-1 

2.0 NOTICE OF LEAK 2-1 
2.1 Responsible Party and Local Contact 2-1 

2.2 Facility Location 2-1 
2.3 Time of Incident 2-1 

2-1 
2.4 Discharge Event 2-1 
2.5 Type of Discharge 2-1 
2.6 Quantity 2-3 
2.7 Site Characteristics 2-3 
2.8 Immediate Corrective Actions 2-3 

3.0 INITIAL RESPONSE ACTIONS 3-1 
3.1 Source Elimination and Site Security 3-1 
3.2 Containment and Site Stabilization 3-1 

4.0 SITE ASSESSMENT 4-1 
4.1 General Site Characteristics 4-1 

4.1.1 Depth to Groundwater 4-1 
4.1.2 Well Head Protection Area 4-1 
4.1.3 Distance to Nearest Surface Water Body 4-1 

4.2 Soil/Waste Characteristics 4-1 
4.3 Soil and Water Remediation Action Levels 4-2 

4.3.1 Soils 4-2 

4.3.1.1 Ranking of Site 4-2 
4.3.1.2 Recommended Remediation Action Levels 4-2 

4.3.2 Groundwater 4-2 
4.4 Soil and Groundwater Sampling Procedures 4-2 

5.0 REMEDIATION 5-1 
5.1 Soil Remediation 5-1 
5.2 Soil Management 5-1 
5.3 Groundwater Remediation 5-1 

0480E89.01 { October 9,1996 



ENSR 
CONTENTS 

(Cont'd) 

6.0 TERMINATION OF REMEDIAL ACTION 6-1 
6.1 Soil 6-1 
6.2 Groundwater 6-1 
6.3 Final Closure of Area 6-1 
6.4 Final Report 6-1 

APPENDICES 

A Soil Characterization Data 

B New Mexico Crude Oil Leak Site Closure Work Sheet 

C Guidance for Bioremediation of Small Quantities of Hydrocarbon Contaminated Soils 

0460EB9.01 ii October 9,1996 



LIST OF FIGURES 

2-1 Site Location Map 2-2 

0480E89.01 j v October 9, 1996 



ENSR 

1.0 INTRODUCTION 

The objective of this workplan is to provide guidance for remediating soils impacted with crude 
oil originating from a pipe line release. The 4" line is owned by Arco Pipe Line Company (APL) 
and is located on private property approximately 3 miles west of the town of Monument, New 
Mexico. The objective of this work scope is to remediate the impacted soils in accordance with 
requirements of the State of New Mexico Oil Conservation Division (NMOCD) "Guidelines for 
Remediation of Leaks, Spills, and Releases" dated August 13, 1993. The NMOCD is the state 
agency which administers remedial actions at oil exploration and production sites. 

The remediation objective shall be accomplished by removing the impacted soil that contains 
petroleum hydrocarbon constituents (PHCs) above regulatory standards, landfarming that soil 
in a controlled area on the subject site such that the contaminants are degraded, and replacing 
the treated soil into the excavation. Pursuant to the NMOCD guidelines, this scope of work has 
been prepared for the remedial action. 
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2.0 NOTICE OF LEAK 

The information presented in this Section is the Notification information required pursuant to 
OCD Rule 116. 

2.1 Responsible Party and Local Contact 

The responsible party for this site is: 

Mr. Hussan Ahmadvand 
ARCO Pipe Line Company 
P.O. Box 960 
Denver City, Texas 
806/592-3765 

2.2 Facility Location 

The release site is located approximately 3 miles west of Monument, New Mexico. It is in the 
southwest quarter of Section 2, Township 20S, Range 36E. The site location is shown in Figure 
2-1. 

2.3 Time of Incident 

The release occurred on August 8, 1996, at approximately 10:30 am during a line 
maintenance operation. The release was noticed immediately, the purging operation was 
stopped, and steps were taken to collect the released crude. 

2.4 Discharge Event 

The source of the discharge was a 4" crude pipe line that was being serviced. While it was being 
purged, the contractor observed a sudden pressure drop. A survey of the line indicated that the 
release point was 300' from the purging point. 

2.5 Type of Discharge 

The material released was crude oil. 
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2.6 Quantity 

Approximately 10 barrels of crude oil were released, 3 barrels were recovered. 

2.7 Site Characteristics 

The site is located 3 miles west of Monument, NM on privately owned property. The site is 
located on semi arid land, with an estimated annual regional rainfall of approximately 14 inches. 
No water courses or surface water is located within 1,000 feet of the release site. There are no 
private or public water wells within 200' of the release site. 

The surface soils at the site consists of silty sand and colleche. Groundwater is reportedly at 27 
feet below ground surface. 

2.8 immediate Corrective Actions 

The release occurred when the line was being purged by an APL contractor. The contractor 
observed that the line suddenly lost pressure. The purging operation was stopped, and the line 
was surveyed for a leak. The release site was found 300' from the purging point, where it was 
exposed. The release site was excavated and the impacted soils were stockpiled on site. 
Approximately 10 barrels of crude were released, with three barrels being recovered. The line 
was then emptied and is currently idled. 

An area measuring approximately 12' by 8' by 4' deep was excavated to remove the impacted 
soils. Impacted soil was removed from the bottom of the excavation until visual observations 
indicated that it was clean. This generated approximately 15 cubic yards of impacted soil, which 
was stockpiled on site. 

A spill report was filed with the OCD on August 9. 

0480E89.01 2-3 October 9,1996 



ENSR 

3.0 INITIAL RESPONSE ACTIONS 

3.1 Source Elimination and Site Security 

As soon as the release was observed, the purging operations were suspended, free crude oil 
was recovered and the impacted soil was excavated from the release site and stockpiled. 

The release site is in a remote location away from county roads. An orange barricade fence was 
set up around the excavation to prevent accidental entry. 

3.2 Containment and Site Stabilization 

The free oil present at the release site was collected and removed from the site. The impacted 
soils were excavated and covered with plastic sheeting. These soils presently remain on site 
pending remediation. 
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4.0 SITE ASSESSMENT 

The site has not been assessed to determine the extent of impact. However, at the time of the 
release, impacted soils were immediately excavated from the release area and stockpiled. The 
resulting excavation measures approximately 12' x 8' x 4' deep. 

4.1 General Site Characteristics 

4.1.1 Depth to Groundwater 

The groundwater at the subject site is reported to be approximately 27' below ground, according 
to OCD records. 

4.1.2 Well Head Protection Area 

According to APL personnel, there are no domestic or private water wells within 200 feet of the 
release site. 

4.1.3 Distance to Nearest Surface Water Body 

There are no visible surface water bodies within 1,000 feet of the release site. 

4.2 Soil/Waste Characteristics 

The soils at the site were characterized by the collection of a representative sample. That 
sample was analyzed for TCLP volatiles, TCLP semivolatiles, reactivity, corrosivity, and ignitability. 
The results of these analyses indicate that the excavated soils are not hazardous under RCRA 
Subtitle C. These results are presented in Appendix A. 
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4.3 Soil and Water Remediation Action Levels 

4.3.1 Soils 

4.3.1.1 Ranking of Site 

Based on the information provided in the previous sections relating to depth to groundwater, 
wellhead protection area, and distance to nearest surface water body, the ranking for the site is 
20. A New Mexico Crude Oil Leak Site Closure Work Sheet is attached in Appendix B. 

4.3.1.2 Recommended Remediation Action Levels 

The total ranking score for the site is 20, which places it into the most stringent remediation 
category. The OCD recommended cleanup levels are as follows: 

• Benzene - 10 ppm 
• BTEX • 50 ppm 
• TPH - 100 ppm 

4.3.2 Groundwater 

Based on field observations at the time of the release and the expedited excavation of the 
impacted soils, it is not anticipated that this release affected the groundwater at the site. If there 
are any observations that indicate potential impact to groundwater, then the extent of impact to 
the groundwater will be assessed and evaluated. 

4.4 Soil and Groundwater Sampling Procedures 

Any soil and groundwater samples necessary to complete this remediation will be collected in 
conformance with the protocols set forth the "Guidelines for Remediation of Leaks, Spills, and 
Releases" which was published by the OCD in August 1993. Soil samples will be collected of 
the sidewalls and bottom of the excavation when the impacted soils have all been removed. 
These samples will be analyzed for BTEX and TPH. 

In the event that a groundwater investigation is necessary, it will be conducted according to OCD 
approved industry standards or other OCD approved procedures. Monitor well installation, 
construction, development and sampling procedures shall be in accordance with the OCD 
requirements set forth in the "Guidelines for Remediation of Leaks, Spills, and Releases". 
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5.0 REMEDIATION 

5.1 Soil Remediation 

The impacted soils that have been removed from the release area are RCRA subtitle C non-
exempt due to the origin of the release. Highly contaminated soils/saturated soils will be 
excavated from the ground until a representative sample from the walls and the bottom of the 
excavation is below the contaminant specific remediation level discussed in Section 4.3.1.2. In 
the event that site conditions limit the extent of soil removal, then the impacted soils will be 
removed to the maximum depth and horizontal extent practicable. On reaching this limit, a 
sample will be collected from the walls and bottom of the excavation to determine the remaining 
levels of soil contaminants. 

5.2 Soil Management 

The excavated soils will be managed by landfarming on location. The impacted soils will be 
placed on a plastic liner within a bermed area on site in 6 to 12 inch lifts and tilled and watered 
to promote natural biodegradation of the crude oil constituents. Nutrients (fertilizer) may be 
added as necessary to promote and accelerate the treatment process. This will continue until 
sample analysis indicates that the soils have been treated to below the site specific cleanup 
levels discussed in Section 4.3.1.2. After the soils have been treated to these levels, they will 
be used to backfill the excavation. 

The general procedures for landfarming the impacted soil are set forth in the attached document 
"Guidance for Bioremediation of Small Quantities of Hydrocarbon Contaminated Soils", Appendix 
C. The procedures described in this document are in conformance with those set forth by the 
NMOCD. 

5.3 Groundwater Remediation 

It is not anticipated that groundwater remediation will be required at this site for the following 
reasons: 

• The spill was quickly -contained and the free product was recovered, 
• The spill was a smait quantity (10 barrels), and 
• The impacted soils in the vicinity of the release were immediately excavated. 

04S0E89.01 5-1 October 15, 1996 



5.0 REMEDIATION 

5.1 Soil Remediation 

fid 

The impacted soils that have been removed from the release area are RCRA subtitle C exempt 
due to the origin of the release. Highly contaminated soils/saturated soils will be excavated from 
the ground until a representative sample from the walls and the bottom of the excavation is 
below the contaminant specific remediation level discussed in Section 4.3.1.2. In the event that 
site conditions limit the extent of soil removal, then the impacted soils will be removed to the 
maximum depth and horizontal extent /practicable. On reaching this limit, a sample will be 
collected from the walls and bottom of tpe excavation to determine the remaining levels of soil 
contaminants. 

5.2 Soil Management 

The excavated soils will be mai 
placed on a plastic liner within i 
to promote natural biodegrada 
added as necessity to prorViot 

aged By'landfarming on location. The impacted soils wili be 
berrned area on site in 6 to 12 inch lifts and tilled and watered 

ion Jof the crude oil constituents. Nutrients (fertilizer) may be 
apo* accelerate the treatment process. This will continue until 

sample analysis indicates tnat the/soils have been treated to below the site specific cleanup 
levels discussed in Saction 4.3.1.2. After the soils have been treated to these levels, they will 
be used to balckfill theVxcavitioh. / 

The general procedures fbr lar dfarming the impacted soil are set forth in the attached document 
"Guidance for BioremediatWof Small Quantities of Hydrocarbon Contaminated Soils', Appendix 
C. The procedures descri^ea in this document are in conformance with those set forth by the 
NMOCD. 

5.3 Groundwater Remediation 

It is not anticipated that groundwater remediation will be required at this site for the following 
reasons: 

• The sp/ll was quickly contained and the free product was recovered, 
• The spill was a small quantity (10 barrels), and 
• The impacted soils in the vicinity of the release were immediately excavated. 

0480E89.01 5-1 October 9, 1996 



If any groundwater investigation and/or remediation activities are required, they will be reviewed 
and approved by the OCD prior to implementation. 
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6.0 TERMINATION OF REMEDIAL ACTION 

6.1 SOU 

Impacted soils requiring remediation will be treated by landfarming so that residual contaminant 
concentrations are below the recommended soil remediation action levels discussed in Section 
4.3.1.2. If these soil action levels cannot practicably be attained, a risk evaluation may be 
performed as necessary and submitted to the OCD for review. 

6.2 Groundwater 

It is not anticipated that any groundwater remediation wiil be required at this site. If required, 
groundwater remediation will be performed in accordance with OCD guidelines and procedures. 

6.3 Final Closure of Area 

Upon conclusion of any required remedial actions, the area of the release will be closed by 
backfilling the excavated areas with the landfarmed soils. The site will then be contoured to 
provide positive drainage away from the site, and revegetated as necessary. 

6.4 Final Report 

Upon completion of remedial activities, a final report describing all actions taken to mitigate 
environmental damage related to this release will be provided to the OCD for approval. 
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A R D I N A L 
LABORATORIES 

°HONE (915) 873-7001 . 2111 BEECHWOOD . ABILENE. TX 78603 

PHONE (505) 39S-2336 • 101 E. MARLAND • HOBBS. NM 88240 

PHONE (5PS) 328-4698 • 158 S. COMMERCIAL AVE. • FARMINGTON. NM 97401 

PHONE (600)796^800 • S2fl2 34tflST. • LUBBOCK, TX7«4Q7 

Receiving Date: 09/18/96 
Reporting Date: 08/27/96 
Project Number NOT GIVEN 
Project Name: ARCO PIPELINE 
Praject Location: MONUMENT LEAK 
Lab Number. H2652-1 
Sample ID: MONUMENT LEAK 

ANALYTICAL RESULTS FOR 
CJR CONTRACTORS 
ATTN: JEFF HAM 
401 W. BROADWAY 
DENVER CITY, TEXAS 7S323 
FAX TO: 

Analysis Date: 09/26/96 
Sampling Date: 09/18/50 
Sample Type: SOIL 
Sample Condition: COOL & INTACT 
Sample Received By: GP 
Analyzed By: BC 

EPA Sample Result Method True Value 
TCLP VOLATILES (pom) LIMIT H2652-1 Blank QC %!A QC 

Vinyl Chloride 0.20 <0.005 <0.005 0.104 104 0.100 
1,1-Dlchloroethyiene 0.7 <0.005 0.005 0.099 99 0.100 
Methyl Ethyl Ketone 200 0.012 <0.005 0.091 91 0.100 
Chloroform e.o <o,oos <0.005 0.099 99 0.100 
1,2-Dichloroethane 0.5 <o:oo5 <0.005 0.102 102 0.100 
Benzene 0.5 0i272 O.005 0.099 89 0.100 
Carbon Tetrachloride 0,5 <0t005 <0.005 0.097 97 0.100 
Trichforoethylene 0.5 <o:oo5 <0.005 0.097, 97 0.100 
Tetrachloroethylene 0.7 <0.005 <0.005 0.095 95 0.100 
Chlorobenzene 100 <o:oo5 <0,005 0.093 98 0.100 
1,4-Dichlorobenzene 7.S <0;005 <0.Q05 0.095 95 .0.100 

% RECOVERY 
Dibromofluoromethane 91 
Toluene-d8 122 
Bromofluorobenzene 117 

METHOOS: EPA SW 846-8290 

Burgee* J. A. <jfSo^~?K D, Date 

PLEASE NOTE: MbUKyAftd Umtgu. C*rfin»r» lla&UUy tfiij cBtnrt wtetwlv* WMdy tof *ny dalm u*lr% wtaMrbMrilneHUWOf tort, i ^ M dmrtKltottwamAxUp^bYe&Anifor vwyau 
A«olaim». Include Ihow lor neQ*Q«nc« one t/^otrwcauM wn«ac>«v»r shall C* dMfnM wwv*j un!«u <MC4 W wrtilnganij f*c«lv*aby C*«l[n»l *K W n Wny (30) dtyi fitwoometotoo o<"in« «w«caDl« 
jiivtee. :n no m m *r\ali Cvdirtai» tw tnclaenttl or cor»«qi*fitiiil flamaaai, Irtoiudlnj. without limitation, butJnaw intarruftorn, IOUMUM. or lot* el profit* IncurTM fry <Mnt, naauCaidianti. 
at«iat« M aueoMM triting out at at r«ia»d is tt» pcrtormsno of atrviCM htmundar Cw Aral, rggifdau ol wnttfwr such claim H twwd upon tnyof ITM BIMVMUWO n u o u ar etn«iwfM. 
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A R D I N A L 
LABORATORIES 

PHONE(916)673-700- • 2111 BEECHWOOD • ABILENE.TX79603 

PHONE (505)395-2328 ' 101 6. MARLAND • HOBBS. NM 88240 

PHONE (506) 326-4689 * 118 S. COMMERCIAL AVE. • FARMINGTON, NM 87401 

PHONE (806)798-2800 * 6232 34th ST. • LUBBOCK. TX 78407 

Receiving Date: 09/18/86 
Reporting Date: 09/18/96 
Project Number: NOT GIVEN 
project Name: ARCO PIPELINE 
Project Location: MONUMENT LEAK 
Ub Number. H2852-1 
Sample ID: MONUMENT LEAK 

ANALYTICAL RESULTS FOR 
WR CONTRACTORS 
ATTN: JEFF HAM 
401 w. BRJOADWAY 
DENVER CITY, TEXAS 79323 
FAX TO: 

Analysis Data 08/18/86 
Sampling Date: 09/18/96 
Sample Type: SOIL 
Sample Condition: COOL & INTACT 
Sample Received By. GP 
Analyzed By: BC 

EPA Sample Result Method True Value 
TCLP SEMIVOLATILES (ppm) UMIT H2652-1 Blank oc %1A QC 

Pyridine 5.00 <0.008 <0.002 -0.047 94 0.050 
1,4-Dichlorobenzene 7.50 <0.00S <0.002 0.050 100 0.050 
o-Cresol 200 <0.008 <0.002 0.049 98 0.050 
m, p-Cre6ol 200 <0.00S <0.002 0.050 100 0.050 
Hexachloroethane 3.00 <0.QQ8 <0.002 0.048 88 0.050 
Nitrobenzene 2.00 <0.008 <0.002 0.051 102 0.050 
Hexachloro-1,3-butadiene 0.500 <0.008 <0.002 0.049 98 0.050 
2,4,6-Trichlorophenol 2.00 <0.008 <0.002 0.051 102 0.050 
2,4,5-Trichlorophenol 400 <0.008 O.002 0.049 98 0.050 
2,4-Dlnttrotoluene 0.130 <o.oos <0.002 0.053 106 0.050 
Mexaohlorobenzene 0.130 <0.OOB <0.002 0.O51 102 0.050 
pentachlorophenol 100 O.OOS <0.002 0.053 106 0,050 

% RECOVERY RELATIVE PERCENT DIFFERENCE 
Fluorophenol 43 2 
Fheno!-d5 32 2 
Nltrobenzene-d5 60 3 
2*Fiuorobipnenyf 72 3 
2,4,6-Tribromophenol 64 1 
Terphenyl-d14 68 11 

METHODS: EPA SW 846-8270 
Ml - Matrix Interference 

BtirgesrfO. A. Ceoloi, Ph. 0. 
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_PHONEt»18) 875.7001 • 2111 BEECHWOOD • ABtUNE.TX7MM 

A R D I N A L 
LABORATORIES 

[ P M ^ E ^ ^ 3 9 ^ ^ 6 ^ 0 1 ^ f ^ ^ ^ H D ^ H O £ B ^ N M B M 4 0 _ 

PHONE (805) 328-4MB • 118 S. COMMERCIAL AV6, »FARMWQTON, NM 87401 

PHONE (809) 798*2800 • 5282 34tn ST, • LUBBOCK, TX 79407 

Receiving Oate: 00/18/98 
Reporting Date: 09/27/90 
Project Numben NOT GIVEN 
Project Name: ARCO PIPELINE 
Project Location: MONUMENT LEAK 

ANALYTICAL RESULTS FOR 
CJR CONTRACTORS 
ATTN: JEFF HAM 
401 W. BROADWAY 
DENVER CITY, TEXAS 79323 
FAX TO: 

Sampling Date: 09/18/96 
Sample Type: SOIL 
Sample Condition: COOL& INTACT 
Semple Received By: GP 
Analyzed By: WL 

LAB NUMBEF SAMPLE ID 

TCLP METALS 

As 
ppm 

AO 
ppm 

fia 
ppm 

Cd 
ppm 

cr 
ppm 

Pb 
Ppm 

Hg 
ppm 

Se 
ppm 

ANALYSIS DATE; 9/26/36!, 9/20/96 
EPA LIMITS: 5 5 100; 1 1 5 5 0.2 1 
H26S2-1 MONUMENT LK <0.1 <0.1 <S> <0.1 <1 <1 <0.002 <0.1 

•* 

Quality Control 51.7 0.499 4.71 0.529! 1.067 0.86 10Z1 43.5 
True Value QC 50.0 0.600 5.00 0.500 1.000 1.00 100.0 60.0 
% Accuracy 103.4 99.8 85,4 105.8 108.7 96 102.1 87 
Relative Percent Difference 6.91 4.8 3,4 2.1 1.8 3.1 7.7 14.3 

I METHODS: EPA 1311,600/4-91/1 200.71 200.7 | 200.7 | 200.71 200.71 "200.7 i 245.11 200.7 

Wel U, Chemist Date 

PLEASENOTE: LMMRyandOamagat Cifdht*r«gaaU^widcta-nMlutJw wnaowbutd In contrast wton, »»i#flb«lmW»tr*aawn:p*w^el^lo«*a«y»«. 
**Oakrm, kKWfl^ff»wlo«n»lW)»nC* 6rtd any ottw wu*a wntt*5«Y«ranailba Caafflad vwflvad unlaw mtS4 in wrttng and r*»)v*<J by Crdlnal wtthir»t»v<M) dayi aitat wnvl.taiof th» appbcaNe 
**w**+fefiS2r?f,y ifJS' CartJoil 6a liabia lor lr.CKfonUl si eon-*Qu»mlal dsmajat. trawling, without nnNaUM. tatiiwu Intartupttona, baa or tow. wiwt*profl»»wradbycik*nl ttaauuuartaa. 
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PHONE (916) 873-7001 • 2111 BEECHWOOD ABILENE. 7X79803 

PHONE (606) 393-2326 • 101 E. MARIANO • HOBBS. NM 88240 

PHONE (505)328-4699 * 118 S. COMMERCIAL AVE. - FARMINGTON, NM 87401 A R D I N A L 
L A B O R A T O R I E S P H 0 N e W 796-2800 - 52M34thST. • LUBBOCK,TX79407 

Receiving Date: 09/16790 
Reporting Date: 09/24/96 
Project Number. NOT GIVEN 
Project Name: ARCO PIPELINE 
Project Location: MONUMENT L 
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Appendix B 

New Mexico Crude Oil Leak Site Closure Work Sheet 



V 

CO 

Q. 

Ul 

UJ 

cc 
CO 

o 
o 
lii 
* 2 
UJ & 

o J 

iu 

§ 
oc o 
o 
o 

I 
UJ 

ce o o 
(0 

< 
u 

3 
ul 60 

UJ UJ 
tc cr cc 
O o O 
o o o 
w CO CO 

010 
UJ 
UJ 
LL 

p, 

i 
§ 

I 
s 
a* 

o 
CN 
A 

(A 

£ O 

o 
8 

S2. 

uu 

1 
© 

1 
I 

L 
A 
1 
CO 
a. 
o 
II 

II 

g 
o 
(0 

w 

O 

II 

cb 

to 

e 
LU 

SIB 

ca 
o 
CM 

o 
CM 
II 

O 

8 

CO 

0. 
UJ 
Q 

i 
C6 

rfi 

O 

S 
2 

S 
Z 
o 
o 
- J 
< 
u 
r-

oc 

a 
z 
<, 
< 

Ul 

z 
UJ 

8 
CB 
> 
o 
E 
c 
o 

f l 
> 

> 
8 
CL 
CL 

t2 CD 

1 3 
CO KS 

m 
CL 
c u 
E 
. c 
a 
c 
o 
O 

CO 

I t 
CO 

"C £ 
"U CL 

II 
i l 
p 

o 

g 0 
— V) 

E 
» 

€0 

s 
a . 
* 

8*8 
O t t O 

| S 8 
Z 
ui 
E 
UJ 
» 
2 
< 
£-
u j 
»-
35 

a. 
(A 

I I 
cu aj 
| E 
* o 
a cS 
E * « ^ w • 

I s 
S 3 
X X 

UJ UJ 

•° E « « 
o S 2 « £ 

= CD 

o en 

(rt 
c 
o 

I 
o 
c 
o 
« 

o 
(0 

CO 
_J 
X 
a: 
a 
» ' 
o. 
O 

o 
CO 

2 
O 

b0:33dd 2089 EES CU:QL STb£S6S90B JlTDiWCfcid b0:t»T 96 90-d3S 



Appendix C 

Guidance for Bioremediation of Small Quantities of Hydrocarbon 
Contaminated Soils 
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1.0 INTRODUCTION 

Small amounts of hydrocarbon contaminated soils can be routinely treated biologically using the 
microbes native to the contaminated soils. Most soils, and particularly those in facilities handling 
hydrocarbons, have substantial numbers of hydrocarbon-degrading microbes in the soils. The 
growth of these microbes, with the hydrocarbon contaminants as "food", is usually limited by the 
lack of one or more of the following: 

• air 
• mixing 
• nutrients (fertilizer) 
• water (soil moisture) 
• proper soil pH 

To stimulate the native microbes to degrade the hydrocarbons faster, the treatment process 
needs to supply most or all of these factors. 

To meet the requirements of regulatory agencies and to avoid practical liability issues, the 
treatment needs to take place under conditions which meet the regulators requirements and 
minimize the opportunity to further contaminate the environment. 

This guidance is designed to provide the basic approach to remediation of small amount of soils 
contaminated with hydrocarbons from routine production type of operations. 

The basic process is not significantly different from farming or gardening. The soils are spread 
within a small bermed area in a layer ("lift") on a HDPE or other suitable liner. The soils are 
amended with fertilizer, pH control agents and water as needed, and cultivated/tilled to mix and 
aerate. The additions of amendments promote the accelerated degradation of the hydrocarbons 
by the microbes. The berms and liner prevent spread of the soils or contamination. 
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2.0 TREATMENT AREA 

2.1 Treatment Area and Berm 

An area on nearly level ground of the required size, large enough to allow the placement of the 
contaminated soil in a layer (lift) about one foot deep, needs to be cleared of any large stones 
or stubble which could puncture the liner and needs to be surrounded by a low soil berm. 
Ideally, square areas are the best because they require the least berm length to construct, but 
rectangular areas can be used for ease of cultivation. If possible, the area inside the berms 
should slope to one end or corner so that end can collect rain or excess water. With small 
treatment areas for a few cubic yards this slope is usually not critical as long as the area is level. 
Clean sand or soil must be layered in the treatment area to about six inches deep on top of the 
liner as a protective layer for the liner. Ideally the small treatment area should be covered with 
plastic (rain cover), weighted by sandbags, when precipitation threatens, so that any water flows 
off of or can be dumped off outside the berms and not get under the rain cover (see discussion 
below under Section 3.2 Moisture). However, the berm needs to be high enough so that, with 
soils in the treatment system, a 25 year/24 hour rain can be held inside the treatment area. 
Local rain data can be readily acquired from several local sources including the local Soil 
Conservation Service or Agricultural Extensions Service agents (both USDA) or Department of 
Commerce Technical Publication No. 40. In general, the highest 25 year/24 hour rainfalls 
anywhere in the U.S.A. are 12-13 inches so a berm high enough to contain that rainfall plus the 
soils in treatment will be adequate almost anywhere. Lower berms can be used depending on 
the specific rainfall in that location. 

2.2 Uner 

The treatment area and berms need to be lined with HDPE or other suitable synthetic liner 
material. The liner must extend over the berms and be anchored along its edges in the soil or 
by sand bags. The liner should be at least 30 mil, if HDPE, or equivalent with other liners, to 
resist tears and punctures. 
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3.0 AMENDMENTS 

3.1 Nutrients 

Usually, the only nutrients that need to be added to the soil are chemically "fixed" nitrogen and 
phosphorus, such as fertilizers used on lawns or gardens. The soils and/or oil will almost always 
contain any other trace nutrients in adequate amounts. The estimates assume that a cubic yard 
of soil will weigh about 2200 Ib or 1000 Kg. No adjustments should be made for soil density 
since, in the field, this will depend on variables such as water content. This guidance document 
assumes that the soils at most sites will have equivalent densities. 

if the percent of hydrocarbon in the soil is not known, add 0.22 to 0.55 Ib of nutrient nitrogen (as 
N) and 0.11 to 0.22 Ib of nutrient phosphorus (as P) per cubic yard of soil (see below for how 
to determine the N and P content of the fertilizers). Use the lower or higher amounts based on 
a visual and odor estimate of the level of contamination. In practice, it is difficult to over fertilize 
with N or P if you do not exceed about 250 ppm (about 0.55-0.6 lb/cubic yard) each of N and 
P. Additional N and P can easily be added by hand or garden spreader later if field test kit 
results show that N or P is low in the soils. 

If the concentration of hydrocarbons in the soils is known or can be reasonably estimated, add 
enough nitrogen and phosphorus (as fertilizer), by hand or lawn spreader, to produce a ratio of 
100:5:1 of C:N:P. For this purpose assume that hydrocarbons are 90% carbon by weight. 
Calculate weight of the added N and P from their weight % proportions in the fertilizer. For 
example, if the soils are assumed to be one metric ton (2200 Ib or 1000 Kg) per cubic yard and 
the fertilizer is 25% N by weight, and you want to add approximately 200 ppm (0.44 lb/yd3) of 
N, the actual amount of fertilizer added would be 800 ppm (1.76 lb/yd 3) or 4 X the weight of the 
N needed. This same calculation is done for P. Prepared fertilizers are marked with their 
percent content of N-P-K (K= potassium) by numbers such as 25-3-3 which translate as 25%N-
3%P-3%K. (K is often as %KCI and can be ignored). If bulk fertilizers such as urea or 
superphosphate are used, the supplier can provide the % of N or P for this calculation and this 
value needs to be recorded. 
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3.2 Moisture 

Moisture is needed by the microbes to get access to the nutrients and hydrocarbons. The 
moisture in the soil must be enough for the microbes but not enough to fill all the pore spaces 
in the soil and prevent aeration. 

Two options for moisture control are visual estimation and field soil moisture measurement. 

For visual estimation, the soils should be watered and tilled until the soils look damp but not wet 
or saturated. The soils need to be visually examined every week and watered as needed, just 
before tilling, to produce a "damp but not saturated" appearance of the soils. Over-watering may 
slow the treatment process until the excess water evaporates. The operator wiil develops an 
ability to visually estimate the proper amount of moisture content in the soils. 

Alternatively, a number of inexpensive soil moisture measuring devices are available which 
measure soil moisture based on conductivity, resistivity, soil suction (affinity for water), etc. 
These are usually called irrigation meters, tensiometers, etc. and can be found in many farm 
supply stores. One brand, Irrometers*. made in Riverside, California, costs less than $100 and 
many others are available. Attached are copies of literature on several brands and types. These 
all must be calibrated to some measurement unit to accurately measure soil moisture. The most 
commonly used measurement is % field capacity. Held capacity is the total weight of water that 
a given weight of the unconfined (free draining) soil can hold. For treatment purposes, the 
moisture is kept within a specific range of of the field capacity, typically 40% to 60%. The 
irrigation meter should be calibrated to measure a range of % field capacity such as 20-80 % per 
the manufacturers directions. 

If rainfall is threatening, the treatment area should be covered by Visqueen, anchored by sand 
bags. This cover should be removed when not raining. The unit could be allowed to accumulate 
water and stand idle until the water evaporates but it is best to cover the unit since several days 
of accumulated rain can exceed the designed holdng capacity of the containment berms. 

3.3 pH 

Degradation of hydrocarbons generally produces acidic end products, which can lower (acidify) 
the pH of the soils and inhibit further treatment. Most soils have good natural resistance to pH 
change. The pH range of the soils to be treated, if unknown, can be readily measured as 
described below or may be available from either the local Agricultural Extension Agent or Soil 
Conservation Service. If the soils are from an area where industrial or other activities have raised 
or lowered the soil pH they will need to be adjusted by amendment with sulfur or lime. Suffer 

O4S0r264.fOO 3-2 00/13/96 (Frt) 11:41am 



mat 
wilt acidify the soils, and lime will adjust the pH upward. Ideally, soil pH should be around pH 
7.0. The indigenous microbes in the soil will be acclimated to a pH range of about 5.5 to 8.0 
units. 

The pH of the soils can be measured using a field/lab procedure. Mix soil and 
distilled/deionized water in a 1:1 ratio of weight to volume, respectively. Stir, settle and test the 
pH of water. This will yield a measurement that will approximate the soil pH. The soil-water pH 
can be tested with a battery powered pH meter or with litmus paper dip-type pH strips. 

If the pH drops several units or below pH 5.5, a light application of powdered garden lime prior 
to the next tilling should be used to raise the pH. If this is done, the pH of the soil should be 
retested and further adjusted about a week later, if needed. 
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TABLE 3-1 

Nutrient Applications for Remediation 

If the soil Is heavilv 
contaminated, addr 

Cubic 
Yards of 

sbir:: ' 

lf the soil Is lightly I 
contaminated, add: \ 

Cubic Yards 
of SoD 

Pounds of 
f Urea 

Pounds of 
Superphosphate 

Cubic 
Yards of 

sbir:: ' 
Pounds of 

Urea 
Pounds of 1 

Superphosphate | 

1 2 1 i 2 1 I 

5 6 2 5 2 1 I 

10 12 4 10 3 1 I 

25 30 10 25 10 2 

50 60 20 50 20 6 

100 120 40 100 40 15 

250 300 100 250 100 30 

For oihc* voiunwt add « muBJply the above (or Itie appropriate pounds of Urea or Superphosphate; other fertilizers can be used tf tney 
prasrtdeabMrf 
• Heavily contaminated salt n^^ 
• Ughtty corttaminaM sott has sttont odor. Mown statntng, firm grainy consistency. 



4.0 OPERATIONS 

4.1 Soil Preparation 

The soils should be spread into a lift nine to twelve inches deep. The soils should be amended 
with water, nutrients, and pH control agents as discussed in Section 3.0, and thoroughly tilled 
in place in the treatment area. 

4.2 Tilling/Mixing 

The soils need to be routinely tilled to trap air in the soils and to evenly distribute the microbes, 
nutrients, water and hydrocarbons to increase treatment rates. Tilling should be performed every 
two to three weeks at a minimum. It is often beneficial to till every week during the first few 
weeks of the start of treatment to thoroughly distribute the moisture and nutrients. 

If treating a small volumes of soils, tilling is best done using a garden tiller/cultivator or manually. 
Care must be taken to not allow the tiller to dig in deep enough to tear the liner. Tilling should 
not penetrate into the clean sand or soil layer underneath. If the tiller is turning up the clean 
sand or soil layer, the method of operation and/or the tiller head needs to be changed to 
produce a shallower treatment. 

4.3 Monitoring 

Monitoring needs to be done for operating (controlling) the treatment process and for verification 
of clean-up. Operations monitoring needs to be done for the various amendments; moisture, 
nutrients, and pH as discussed in Section 3.0. 

• Moisture needs be maintained between 20-80 % of field capacity. Water needs to be 
added to adjust moisture to a range of 40-60 % of field capacity prior to each tilling. 

• The pH of the soils needs to be kept within ± 1 pH unit of the natural pH or within the 
range of pH 6.0-8.0. Any change of several pH units needs to be adjusted back to the 
range above by the addition of either lime or sulfur to adjust the pH up or down 
respectively. 

• Nutrient N needs to be adjusted if the total inorganic fixed N (N H 4+N0 3+NO^ is 5 ppm 
or less. 

• Nutrient P needs to be adjusted if the total inorganic fixed P is 5 ppm or less. 
• Adjustments of N and P should be done as described in Section 3.1. 
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5.0 SAMPLING AND ANALYSIS 

5.1 Routine 

For routine monitoring of the various treatment condition, field procedures and field test kits such 
as those supplied by vendors such as Hach and LaMotte for soil analyses are adequate. 

• Moisture - Use procedure described above for moisture to measure moisture content 
in the soils being treated. Calculate the amount of water needed to raise the moisture 
from its current level to the desired level based on the volume of soils being treated. 
For example: if the soils are assumed to weigh 2200 Ib per cubic yard and soil's field 
capacity is 880 Ib of water per cubic yard of soil (or 400 g/Kg = FC), to increase the 
moisture from a measured 20% of field capacity to 50 % field capacity, add 264 Ib 
(approximately 33 gal) of water and till into soil. 

CALCULATION: 

if 880/2200 = field capacity 
880 Ib = 100% of field capacity 
20 % FC (current moisture) • 176 Ib 
50 % FC (desired moisture) = 440 Ib 
440 -176 = 264 lb of water need to be added 
at approx. 8 lb/gal of water (264/8 = 33), 33 gal of water need to be added 

The rate of watering can be field estimated. These measurements must use the same 
hose, nozzle, etc that is used for watering, in the example above, if the watering 
system delivers 5 gal/min, then 33/5 * 6.6 minutes of watering. 

• Nutrients - Measure nutrients with Hach or Lamotte type kits per their instructions. 
Table 5-1 provides the numbers of various kits from Hach for these measurements 
(other vendors have comparable kits), frequency of measurements and the ranges for 
operation. Measure ammonia, nitrate/nitrite for the total of available nutrient-N. 
Measure phosphorus for the total readily available nutrient-P. Measure pH using the 
method described above. 
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• Total Petroleum Hydrocarbons - TPH should be measured using either EPA 418.1 of 

EPA Method 8015 (modified). 

5.2 Verification 

Laboratory analyses should be used to verify the TPH content of the treated soils. For 
verification samples with these type of hydrocarbon wastes, two categories of analyses are 
usually done: 

• BTEX (8020) 
• TPH by GC (8015/8015M) 

Potential standards for cleanup can be estimated based on the State of New Mexico Oil 
Conservation Division (NMOCD) "Guidelines for Remediation of Leaks, Spills, and Releases" 
dated August 13, 1993. 
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V# Member 
ORDERS UNDER S50.00 ADD S7.50 HANDLING 

pr ices e l e c t i v e January 1.1991 — Supersedes all previous price lists 

PRICE LIST — I R R O M E T E R Soil Moisture Indicators 
Please order by Catalog Number All Products Made in U.S.A. 
SERVICE UNIT SHOULD BE PURCHASED WITH INITIAL ORDER {ONE PER USER) 

MODEL "R" (Agriculture) 
Cat. No. Length Price each 
106 6" $40.00 
1 1 2 . . . . 12" 41.50 
118 18" . 43.00 
124 24" . . . 44.50 
136 36" 47.50 
148 . . . . 48" 50.50 

For longer lengths — Add S3.00 per foot 

MODEL "RA" (Automatic) 
Cat. No. Length Price each 
606 . 6" S64.50 
612 12" 66.00 
618 18" 67.50 
624 24" 69.00 
636 3f i " 72.00 

For longer lengths — Add S3.00 per foot 

MODEL "TG" (Turf) 
Cat. No. Length Price each 
312 12" $43.75 
318 . . . . 18" . . . . . . . 45.25 

MODEL "TGA" (Turf Automatic) 
Cat. No. Length Price each 
812 12" S68.25 
818 18" 69.75 

IRROMETER PRESSURE GAUGES 
Cat. No. Length Price each 
7-15 15P.S.I $12.90 J F * 
7-30 30 P.S.1 12.90 m 

7-60 60 P.S.I 12.90 
7-100 100P.S.1 12.90 
7-200 200 P.S.I 12.90 
7-400 400 P.S.1 12.90 
7S Snubber . 1.50/Gauge 

(add to gauge price) 

Standard IRROMETER for general use with 
row. tree and field crops. Shorter lengths for 
greenhouse and pots. 

Includes reservoir, air free gauge chamber and 
hermetically sealed IRROMETER vacuum 
gauge. 

Model "RA" IRROMETER is the Model "R" with 
direct switching capabilities. Adjustable 
moisture level selector switch may be set at any 
desired moisture level. The switch will be 
closed past the setting to actuate solenoid, 
time clock, or warning light. Switch available for 
AC or DC power. 

For turf areas where underground installation 
requiring horizontal placement is desirable. Has 
new filler cap for easy servicing. 

Model TGA pictured above has 
Automatic Switching Capabilities for Turf 

Hermetically sealed pressure gauges — water 
tight, dust proof — shatterproof face — shock 
resistant — 2" bottom connected gauge with 
'/*" brass standard pipe thread stem. PSI outer 
scale — Kg/CM 1 inner scale. Factory installed 
snubber improves gauge life by absorbing 
surges. Add " S " to pressure gauge size. 

IRROMETER PRESSURE GAUGES 
'LIQUID FILLED y ^ ^ ^ V Glycerin filled pressure gauges — stainless 

Cat. No. Price each / S ^ S A ov* ' T Z Z T ^ T ^ p o l y c a ; b ° n a t e f a c e .~ 
7-60LF 60 P.S I $19 90 V l H r r S l (63MM) bottom connected gauge with 
7 ] 1 0 Q L F 1 0 0 p S ' | 1 9 ' g o v 5 S ? / y * " N P T P S I - o u t e r s c a l e — kPa/bars inner 
7-200LF 200 RS I 1 9 90 ^ ^ ^ ^ scale. For severe service conditions of 
7-400LF 4 0 0 R S 1 ' '. 1&90 *?f surges, pulsation and vibration. 

— Important Accessories On Other Side — *9 



W A T E R M A R K Soil Moisture Sensor 
MODEL 200 (Basic Sensor) 
Cat. No. Wire Lead Length Price each 
200-5 5 Feet S16.80 
200-10 10 Feet 18.80 
200-X . . . . . No Wire Lead 14.80 

Basic WATERMARK Soil Moisture Sensor. For 
use with all crops. To be used with WATERMARK 
meter Reads electrical resistance in 10-200 
centibar range. 

WATERMARK Meter 
Cat. No. 
30-KTCD . Digital Readout 

(One meter required to read 
all WATERMARK Sensors) 

Price each 
170.00 

Cat. Na 
WF2-12 . 
WFZ-24 
WFZ-JC 

12 Station . 
24 Station 
Jumper cable 

Price each 
S495.00 

520.00 
2.25 

Solid state alternating current resistance bridge 
/meter for reading WATERMARK sensors. 
' Adjustable for soil temperature variations. One 

meter required to read all sensors. 

WATERMARK FOUR ZONE 
MOISTURE CONTROL PANEL 

S 5 S * ^ ^ 2 ^ ZONE ^ i ; 4-

Panel comes complete with 8 WATERMARK 
SENSORS (2 per sensor location) and 12 or 24 
jumper cables (as specified) to connect panel 
to controller/time clock valve terminal strip For 
controllers with more than 24 valves, extra jump­
er cables will be required (one per valve). 
Installation and operating manual will be included. 

Oesigned to interface WATERMARK sensors with 
24 VAC Controller/time clock. Provides up to four 
independent moisture sensing locations used to 
control the valves by'"group", based on common 
irrigation need. Each moisture sensing location 
can be independently adjusted for desired 
moisture level. Sensor Bypass Switch provides for 
override of sensors at the panel. 

WATERMARK 
ELECTRONIC MODULE 
Cat. No. 
WEM $95.00 

Watermark Electronic Module comes complete 
with 2 Watermark Sensors and Installation/ 
Operating manual. 

Designed to interface WATERMARK sensors with 
individual 24 VAC solenoid valves. For those who 
desire each valve to be controlled individually by 
moisture sensors located in the valve area or 
"zone". User can select Wet, Medium or Dry 
moisture level control. Fully potted electronics are 
impervious to moisture. 



I R R O M E T E R Soil Solution Access Tubes 
MODEL SSAT h n » 

i ! i 

Cat. Na Length Price each 
A24 Up to 24" S7.S0 
A36 36" 8.00 Por easy extraction o: soti solution samples ior 
A48 48" 8.50 testing as to salinity or ciant nutnents in soil water. 
A60 60" 9.00 See below for suction line, stopper and finger 
A72 72" 9.50 clamp assembly. 

I 

For longer lengths — Add S.50 per foot ] 

j 

MODEL SSAT Suction Line (Complete) 
Cat. Na Length Price each 
SLC . Matched to SSAT S7.00 

(Includes suction Une, stopper and finger clamp — 
Add to cost of SSAT) 

MODEL SSAT can be ordered "complete" by 
adding the suction line, stopper and finger 
clamp assembly. For use with disposable 
syringe for easy in-field extraction of soil 
solution samples. 

MODEL SSAT Disposable Syringe 
Cat. No. Price each 
DS-50 cc $2.75 SN 

Disposable 50cc synnge for pulling vacuum on 
Model SSAT "Complete" tubes and for extracting 
soil solution samples. Use with Field Test Kits 
(Hach Company, Loveland, CO.) 

IRROMETER REMOTE 
SENSING TENSIOMETER 
Cat. Na price each 
RSR Ag Type $200.00 
RST Turf Type 200.00 

Ag Type is used for vertical placement (see Model 
R). Turf type is used for horizontal placement (see 
Model TG). User must specify length desired. 
Standard lengths for Ag type are the same as 
Model R- For Turf type, standard lengths are 12" 
and 18". Specification data available cn request. 

Standard Irrometer Soil Moisture Indicator equipped 
with pressure transducer, fluid level sensor and 
electronic package mounted on the instrument. 
Converts soil suction reading to an analog signal (1-5 
VDC) which can be transmitted from the field to a 
central computer via cable telephone modem or 
other telemetry. Also can be interfaced with 
electronic data loggers. 

All prices F.O.B. Riverside. California 
Terms ~ Cash with order or CO D. Net 30 days with credit previously established. 
Prices and specifications subject to change without notice Show catalog number on purchase order. 

I R R 6 M E T E R COMPANY, INC. 

P. O, Box 2 4 2 4 • R ivers ide , Ca l i fo rn ia 92516-2424 • (714) 689-1701 • FAX (714) 689-3706 

S H I P P I N G ADDRESS: 8835 P h i l b i n • R i ve r s i de , Ca l i fo rn ia 92503 

Foreign Department — Pacific Exports — Telex: 469462 — Telefax: (714) 599-8309 



MODEL 

Quick Draw 
SOILMOISTURE PROBE 

Portable. Accurate and... Fast! 

m 
SOILMOISTURE EQUIPMENT CORP. 



UNIQUE, PATENTED CONSTRUCTION 
VENT SCREW 
Permits adjustments for 
variations in attitude. Also 
provides access to 
recalibration screw for 
adjustments of "zero point 
setting. 

SNAP-FIT END PIECES 
Molded & resilient to 
improve shock resistance, 
compactness end ease of 
use in the field. 

CARRYING CASE 
Made of sturdy, lightweight 
extruded PVC and 
accomodates all the 
required parts for portable 
field soil moisture 
measurements. 

RECALiBRATOR VACUUM 
GAUGE 
Hermetically sealed and has 
large 2-lnch, easy-to-read 
dial face. Graduated from 1 
to 100 centibars (Kpa) of 
soil suction. 

UNIQUE 30 PSI PRESSURE 
RELIEF PORT 
Prevents damage to the 
vacuum gauge from 
overpressurization 

"Hi -aow POROUS 
CERAMIC 
Sensing tip assures 
maximum sensitivity in all 
types of soil. 

REMOVABLE PROBE CAP 
Permits easy field 
replacement of ceramic 
sensing tip. 

HARDWOOD HANDLE 
Durable, waterproof 
laminated hardwood 
construction allows for 
removal of soil core profiles 
through the hole in the top. 

NULL KNOB 
Provides a fast and accurate 
method of "bracketing" 
moisture readings using 
artfflcalfy created vacuum 
settings. Also provides "self-
servicing" evacuation in the 
field, eliminating the need 
for a service kit 

SPONGE CARTRIDGE 
Assures a wet tip for 
optimum response in 
moisture measurements. 

PATENTED THERMAL 
ISOLATION 
Utilizes capillary tube 
connections and assures 
fast temperature 
independent response. 

TAPERED CORING TOOL — 
Constructed of chrome 
molybdenum steel. Tapered 
design provides easy 
insertion into the soil and 
matches taper of ceramic 
tip for good soil contact 

BEVELED CUTTING EDGE 
On conng tool maintains 
cutting ability in most soil 
types. 

CLEANING ROD 
Is Included to assist in 
removing sticky and hard 
packed soils from the 
coring toot, and to remove 
any remaining soil from the 
cutting tip. 

ACCESSORY KIT 
Is included with the Modd 
2900F1 and includes a 
replacement ceramic 
sensing tip end "O" rings, a 
screwdriver for gauge 
rccallbratton and a hex 
wrench fc* unlocking the 
gauge. 

•Patent No. 4068535 



a _1 
Probe body 

Null Knob 

\ 
Vacuum Gauge 

Tensiometers arc the only instrument that can make a direct 
measurement of "soil suction" - the force that determines the 
direction of moisture flow in soil and the force that plants 
must overcome to set needed water. 

The "Quick Draw" Soilmoisture Probe consists of a patented 
thermally isolated tube with a porous ceramic tip on the 
bottom, a vacuum gauge at the top and a "Null Knob" sealins 
cap. NX/hen it is filled with water and inserted into the soil, 
water can move into and out of the Probe throush the con­
necting pores in the tip (as shown in the above illustration). As 
the soil dries and water moves out of the Probe, it creates a 
vacuum inside the Probe which is indicated on the gauge. 
When the vacuum created just equals the soil suction, water 
stops flowing out of the Probe. The dial gauge reading is then 
a direct measure of the force required to remove water from 
the soil. If the soil dries further, additional water moves out 

^ ^ ^ ^ 

-if 

from the soil moves back into the Probe through the porous 
tip until the vacuum level is reduced to equal the fewer soii 
suction value, then water movement stops. If enough water is 
added to the soil so that it is completely saturated, the gauge 
reading will drop to zero. Because water can move back and 
forth through the pores in the porus ceramic tip, the gauge 
reading is always in equilibrium with the soil suction. 

The body design of the Model 2900F1 "Quick Draw" Soil-
moisture Probe utilizes a capillary tube and thermal isolation 
to allow rapid attainment of equilibrium. The result is a fast, 
easy and portable tensiometer that provides the means for 
obtaining accurate, temperature-independent soil suction 
measurements. 

Null Knob speeds measurements - The unique Null Knob 
can be used to rapidly increase the vacuum inside the Probe 
to approximate that caused by the soil suction surrounding 
the Probe tip. This allows you to "bracket" the soil suction 
values and to very quickly adjust the Probe to the true suction 
value. 

i: d. i: d. (K) i: d. 

tibars. 

INCREASING SUCTION 

m m m ) 

Consider, for example, an 
application which requires a 
soil suction measurement in e 
"dry" soil that has an approx­
imate soil suction of 50 cen-

By turning the Null Knob on 
the "Quick Draw'' counter­
clockwise, a vacuum can be 
created which will be close 
to the soil suction value. In 

the figure above, a vacuum has been created at 60 centibars, 
8ecause the soil suction is less than the vacuum created using 
the Null Knob, water will move from the soil, through the 
porous ceramic, and relieve the excess vacuum until the 
indicator needle rests on the true value, in this case, of 55 
centibars. 

DECREASING SUCTION 
Without disturbing the 
placement of the "Quick 
Draw" Probe Tip in the soil, 
the Null Knob is then gentry 
turned clockwise until the 

indicator on the vacuum dial gauge points to 40 centibars 
Now because the soil suction is greater than the vacuurr 
created with the Null Knob, water will flow out of the probe 
and through the porous ceramic until equilibrium is reachec 
with the suction of the surrounding soil. The indicator needle 
confirms a true soil suction value of 52 centibars. 

So, by using the Null Knob, one can very simply and quieter) 
"bracket"- the true reading. 

until a higher vacuum level is reached. When moisture is 
added to the soil, the reverse process takes place. Moisture 



iiful, lush, sreen natural growth and colorful abundant 
flowers. 

Landscape Irrigation - Irrigation of landscaped areas is 
much easier and more efficient with the "Quick Draw." Give 
areas of special growth the special attention they need. Tne 
"Quick Draw' is a proven, scientific tool for determining the 
moisture requirements of a wide variety of plants. The "Quick 
Draw" can be used to set irrigation timing devices or adjust 
timing intervals to account for seasonal changes in watering 
requirements. 

Commercial Container Growers - The 
portability and quick response of the 
"Quick Draw" specifically adapt it to 
use in identifying the uniaue watering 
requirements of containerized plant 
growth. Maintenance of optimum soil 
moisture using the "Quick Draw" 

reduces root rot, promotes vigorous growth, reduces water 
waste and aids in bringing container-grown plants to market 
sooner: 

Model 2900F1L12 
"Quick Draw" Soilmoisture Probe, 12" size. 

Used at depths ranging to 12". 
Model 2900F1L18 
"Quick Draw" Soilmoisture Probe, 18" size. 

Used at depths ranging to 18". 
Model 2900F1L24 
"Quick Draw" Soilmoisture Probe, 24" size. 

Used at depths ranging to 24". 

WITH DEALERS THROUGHOUT THE WORLD, YOU HAVE CONVENIENCE OF PURCHASE AND ASSURANCE OF 
AFTER-SALES SERVICE. 

FOR FURTHER INFORMATION 
AND TO PLACE ORDERS 

Your Nearest Representative 

SOILMOISTURE EQUIPMENT CORP. 
P.O. Box 30025 

Santa Barbara, CA 93105 U.S.A. 

Telephone: 
Area Code 805 964-3525 
Cable Address: 
Soilcorp 

Telex: 
Telex No. 65-8424 

FAX: 
805-683-2189 

Plant and Office Location: 
801 South Kellogg Ave. 
Goieta, CA 93117 U.S.A. 

© COPYRIGHT 1988 
All rights RMWVWJ 
UJJL and Canada 

S O I L M O I S T U R E EQUIPMENT C O R P . 



JET FILL TENSIOMETERS 

THE MOST ADVANCED, MOST SENSITIVE 
INSTRUMENTS AVAILABLE FOR THE HELD 
MEASUREMENT OF SOIL MOISTURE. 

USE THEM IN: 

AGRICULTURE 
• to tell you when to start irrigating • to tell you when to stop 

irrigating • to save expensive water, fertilizer, power, and labor 
costs • to improve crop yields • to make profits for you! 

• to maintain accurate control of soil moisture during plant growth 
expenments in the development of superior varieties • to correlate 
physiological plant changes with surrounding soil moisture 
values • to develop effective irrigation practices for crop 
production 

• to measure soil moisture potential to determine subsurface 
moisture flow • to verify proper moisture conditions for vadose 
zone soil water sampling—vital in pollution control • to provide 
essential data to relate computer modeling to actual field conditions 

Engineered and produced by the 
foremost manufacturer of soil moisture 
measuring equipment for over 30 years. 

AGRONOMY RESEARCH 

(2) HYDROLOGY 

SOILMOISTURE EQUIPMENT CORP. 



THE MODEL 2725 JET FILL 
IS THE BEST TENSIOMETER IN THE WORLD 

The flexible reservoir cover allows for 
convenient filling and sealing of stored 
water. 

Time proven "O" ring seals throughout 
assure leak proof vacuum joints while 
allowing easy removal or replacement 
of critical components. 

Angle molded port in the sidewall pro­
vides a strong connection, keeping the 
dial gauge continuously filled with 
water and easy to view. The Vacuum Dial 
Gauge is readily replaceable in the field 
and can be oriented in any position for 
reading convenience. Port also accepts 
Electrical Switching Gauge and Pressure 
Transducers. 

Convenient molded shoulder indicates 
soil surface position for easy, accurate 
depth placement. 

Heavy walled tube constructed of rigid, 
clear plastic assures accurate readings 
at high soil suction values, and is com­
pletely immune to damage by sun, 
water, or soil conditions. 

Unique superporous ceramic tip has 10 
times the water conductivity of com­
parable units, providing the ultimate in 
sensitivity and long life. Convenient 
thread adaptor design allows the 
ceramic tip to be readily removed or 
replaced, as well as permitting the 
addition of extension tubes to vary the 
placement depth of the tensiometer. 

JET FILL TENSIOMETERS 

Are more precise than any other method of 
measuring soil moisture conditions in the field. 

Do not require calibration. 

Do not require transporting bulky measuring 
equipment into the field. 

Do not require attaching electrical leads to 
make a measurement—simply look at the dial 
gauge. 

Do not require any power source. 

Can be read instantly—simply look at the dial 
gauge. 

At a push of the button, patented Jet 
Fill action instantly injects water into 
the body of the tensiometer and 
removes accumulated air with no dis­
turbance to the soil. Recovery is in min­
utes—not hours! 

Large volume, detachable reservoir 
holds sufficient water for months of ser­
vicing. All materials are completely 
weatherproof for years of use. 

O p t i o n a l 
recalibrator style 
gauge allows for 
adjustment of zero 
point setting for 
careful research 
work. Also permits 
compensation for 
water table refer­
ence point. 

The large 2 inch diameter easy-to-read 
dial face has a fixed pointer and is grad­
uated from 0 to 100 centibars (Kpa) of 
soil suction. 

A flexible temperature adjusting outer 
jacket interlocks with the unbreakable, 
clear plastic coverplate to hermetically 
seal the gauge, protecting against 
weather and shock. Complete with 
vent screw to compensate for altitude 
variations. 

Superior Features Protected by Patent 
No. 3898872 

Available in nine stock lengths from 6" (15 cm) 
to 60" (150 cm) to meet varying installation 
requirements. 

Extra long lengths, extension tubes and spe­
cial modification supplied on short notice. 

Simple "field replaceable" parts assure years 
of service. 

The single most inexpensive instrument to give 
precise, direct, continuous measurement of 
soil moisture conditions. 

Available throughout the world. 



Beneath the soil surface, soil particles, water, air, and plant 

•
roots share the same space. In this environment water does 
not move freely as it does above the surface, but is held in the 
grasp of the soil which determines how it will move and how 
plant roots can withdraw it. 

The illustration above shows how the soil particles, water, air, 
and roots intermingle. The water is naturally attracted to the 
soil particles and it sticks on the surface of each particle and 
m the various sized "capillary" spaces or "pores" between 
the soil particles. When the soil is very wet, most all the large 
pores are filled with water, and the water can move quite 
freely and can be easily removed by the plant root. As the soil 
dries out, the water remaining is held more tightty in the 
smaller sized capillary spaces. 

Tu be 

P o r o u s C u p 

The picture below illustrates the increasing force required to 
remove the water from the small sized pores compared to 
the large pores, as the soil dries out. Because of this, plants 
find it increasingly difficult to get adequate water as the soil 

WET SOIL DRY SOIL 

dries. When remaining water is held only m extremely small 
pore spaces, the plants cannot exert enough force to with­
draw it, and the plants wilt and die. Even though there may be 
a considerable volume of water in the soil, the plants can't 
pull it out. 

Tensiometers are the only instruments that can make a 
direct measurement of "Soil Suction"—the force that 
plants have to overcome to get needed water, and the force 
that determines which way moisture wilt move in the soil. A 
tensiometer consists of a tube with a porous ceramic tip on 
the bottom, a vacuum gauge near the top, and a sealing cao. 
When it is filled with water and inserted into the soil, water 
can move into and out of the tensiometer through the con­
necting pores in the tip, as shown in the illustration. As the soil 
dries and water moves out of the tensiometer, it creates a 
vacuum inside the tensiometer which is indicated on the 
gauge. When the vacuum created just equals the "Soil Suc­
tion", water stops flowing out of the tensiometer. The dial 
gauge reading is then a direct measure ofthe force required 
to remove water from the soil- If the soil dries further, addi­

tional water moves out until a highervacuum level is reached. 
When moisture is added to the soil, the reverse process takes 
place. Moisture from the soil moves back into the tensiometer 
through the porous tip until the vacuum level is reduced to 
equal the lower Soil Suction value, then water rncwement 
stops. If enough water is added to the soil so that it is 
completely saturated, the gauge reading on the tensiometer 
will drop to zero. Because water can move back and forth 
through the pores in the porous ceramic tip the gauge 
reading is always in "balance" with the Soil Suction. 

The Optimum Plant Growth Range is within the operating 
range of tensiometers. Plants will live until the soil is so dry 
that the soil suction value reaches 15 Bars—referred to as the 
"Wilting Point." It is within the 0-.85 Bar soil suction operating 
range of tensiometers, however, where most all movement of 
moisture takes place and where the important moisture is 
stored f a plant growth. 

A "bar" is the unit of pressure that has been adopted f a the 
expression of soil suction. The bar is an international unit ol 
pressure, either positive a negative, in the metric system. r> 
bar is equivalent to 14.5 lb/in2 a .897 atmospheres. It is alsc 
equivalent to the pressure exerted by a height of 750 milli­
meters of mercury or the height of 1,020 cm of water a the 
height of 33.5 ft. of water. Scientifically it is defined as 10* 
dynes/cm2. 

Tensiometer measurements are always less than 1 bar and fa 
convenience the tensiometer scale has been divided into 10C 
divisions so that each division is 1/100 of a bar a "1 centibar.' 
This is usually abbreviated as 1 cb. 1 centibar is also equal to' 
Kpa Ckilopascal). The full dial gauge reading on our Jet Fil 
Tensiometer is 100 centibars of negative pressure a vacuum 

4 
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MODEL 2710AR SERIES 
An inexpensive, versatile 
tensiometer supplied with 
solid sealing cap and 
recalibrator type vacuum 
gauge. Ideal for general irri­
gation control purposes. 

2630AL36K 
2630AL48K 
2630AL60K 

TENSIOMETER BODY & CUP 
TENSIOMETER BODY & CUP 
TENSIOMETER BODY & CUP 

36" size 
48" size 
60" size 

TOP SEAL OPTIONS 
2026 SCREW CAP 

Provides vacuum tight seat 
2075 JET FILL RESERVOIR CAR COMPLETE 

Patented reservoir provides vacuum tight seal, push 
button servicing convenience, and no soil distur­
bance when replenishing water to tensiometers. 

Stock sizes 

2710ARL06 
2710ARL12 
2710ARL18 
2710ARL24 
2710ARL36 
2710ARL48 
2710ARL60 

available: 

SOILMOISTURE 
SOILMOISTURE 
SOILMOISTURE 
SOILMOISTURE 
SOILMOISTURE 
SOILMOISTURE 
SOILMOISTURE 

TENSIOMETER 
TENSIOMETER 
TENSIOMETER 
TENSIOMETER 
TENSIOMETER 
TENSIOMETER 
TENSIOMETER 

6" size 
12" size 
18" size 
24" size 
36" size 
48" size 
60" size 

TENSIOMETER MEASUREMENT OPTIONS 

•\ MODEL 2725AR SERIES 

Ideal for research purposes and irrigation 
control. Provided with Jet Fill Reservoir Cap 
and recalibrator type gauge. 

(All with '/* NPT stem fittings for use with Soilmoisture 
Tensiometers) 
2060G4 VACUUM DIAL GAUGE 

2" dial, 0-100 centibar scale, recalibrator type 
2601 MERCURY MANOMETER ASSEMBLY 

Rugged 1" wtde aluminum channel, scaled 0-850 
mb. Complete with sightglass, reservoir, and filler 
bottle. Useajwith Model 2026 Screw Cap. 

5301 CURRENT TRANSDUCER 
4-20 ma output, fully temperature compensated 
and hermetically sealed f a rugged field use. 

TENSIOMETER EXTENSION TUBE OPTIONS 
Stock sizes available: 
2725ARL06 JET FILL TENSIOMETER 6" size Stock sizes available: 

6" size 2725ARL12 JET FILL TENSIOMETER 12" size 2720L06 EXTENSION TUBE 6" size 

2725ARL18 JET FILL TENSIOMETER 18" size 2720L12 EXTENSION TUBE 12" size 
2725ARL24 JET FILL TENSIOMETER 24" size 2720L24 EXTENSION TUBE 24" size 
2725ARL36 JET FILL TENSIOMETER 36" size 2720L60 EXTENSION TUBE 60" size 
2725ARL48 JET FILL TENSIOMETER 48" size 2721A135 EXTENSION TUBE 
2725ARL60 JET FILL TENSIOMETER 60" size with 135 degree angle 12" size 

m 

to FIT Touit Appuomaif 
The unique, modular construction of Soilmoisture Ten­
siometers allows you to configure a tensiometer exactly 
suited to your research, management a monitoring applica­
tion. Start by selecting the appropriate TENSIOMETER BODY 
AND CUR f a each tensiometer station you can then select an 
appropriate TOP SEAL OPTION and MEASUREMENT OPTION 
from the list below. Further flexibility in application is pro­
vided by the TENSIOMETER EXTENSION TUBE OPTION. The 
length of a tensiometer can be extended, a an angled 
extension can be used f a pinpoint placement of the ceramic 
cup. 

Stock sizes available: 
2630AL06K TENSIOMETER BODY & CUP 6" size 
2630AL12K TENSIOMETER BODY & CUP 12" size 
2630AL18K TENSIOMETER BODY & CUP '18" size 
2630AL24K TENSIOMETER BODY & CUP 24" size 

2710K1 SERVICE KIT 

Kit should be adered with 
each initial order of ten­
siometers. 

240L INSERTION TOOL 

Cuts 7/a" diameter hole in rock-free soils fa rapid installation 
of 2725 and 2710 Series Tensiometers. 

230D2 SOIL AUGER, 2" Diameter 

5' overall length f a installation of tensiometers in rocky soils. 

2010 MONTHLY CHART FORMS 
2041 TENSIOMETER CHART 

pad of 100 
12 months 

i i S 



WITH DEALERS THROUGHOUT THE WORLD, YOU HAVE CONVENIENCE OF PURCHASE AND ASSURANCE OF 
AFTER-SALES SERVICE. 

FOR FURTHER INFORMATION 
AND TO PLACE ORDERS 

SOILMOISTURE EQUIPMENT COUP. 
P.O. Box 30025 

Santa Barbara, CA 93105 U.S.A. 

Telephone: 
Area Code 805 964-3525 
Cable Address: 
Soi Ico rp 

Telex: 
Telex No. 65-8424 

Plant and Office Location: 
801 South Kellogg Ave. 
Goleta, CA 93117 

Your Nearest Representative 

SOILMOISTURE 

® 

© COPYRIGHT 1984 
All r ights reserved 

EQUIPMENT CORP. 
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Nutrient Test Kit Information 
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Quick Guide to Calling Hach 

— It's 

reach 
us. 

R e c y c l e d and Recyc lab le 
g o . In an effcmo conserve naart 

reaources. Ms caialag e pnrwa 
on recycled paper. Ptaese reeve* 
Ms took once you an Mansd v*n t 

Call Tol l -Free 1 -800-227-4224 

Before you c a l l . . . 
You can save time by having 
this infonnation nearby when 
you make a call to us. 
1. Your Hach account 

number or your billing 
ZIP code 

2. Billing address 
3. Shipping address and 

final shipping destination 
4. Catalog number 
5. Quantity 
6. Purchase order number 
7. Product description or 

model number 
8. Preferred shipping 

method 

Charge iti 
Now you can use your VlSA®j 
or MasterCard* when ordering 
by telephone, mail or fax. 
When you place your order, 
please provide this information: 
1. Cardholder's name 
2. Company's name 
3. Credit card account 

number 
4. Card expiration date 
5. Billing address 

You may be an 
International customer 
If the product you're ordering 
will be transported or used 
outside the United States, you 
qualify for many free export 
services. Whether you represent 
a USA-based trading company, 
a multi-national corporation 
with stopping points worldwide, 
or nn individual wishing to send 
your Hacrh purchase overseas 
wi- can help you with export doc-
uim-imuion, packaging and ship­
ping. Seepage 362 for details. 

Issued by approved US. twuiks 
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Agriculture 

Soil and. irrigation Water Kit, Model SIW-1. Cat. No. 2*960-00 Soil Fertility Kit, Model NPK-1. Cat. No. 24959-00 

So i l a n d I r r i g a t i o n 
W a t e r T e s t i n g , 
M o d e l S I W - 1 

A test kit for professional sci­
entists and non-scientists alike, 
the SrW-1 is ideal for fertility 
analysis, site characterization, 
and irrigation water quality 
assessment under a wide vari­
ety of conditions. Farmers, 
researchers, extension agents 

A g r i c u l t u r e T e s t K i t s 

and educators can use the ver­
satile kit at remote sites, in the 
classroom or even in areas 
lacking electricity. 

Soi l Fertility Kit , 
Model NPK-1 
Designed for economical on-
site evaluations of soil fertility, 
the NPK-1 provides a simple 

effective way for analysts to 
determine nitrogen, phospho­
rus and potassium content of 
the soil. The kit also includes a 
Pocket Pal Tester for quick 
checks of pH. 

W S M Economical 3 j f f i a 
Operation r j j - g j p 

Hach teat k i ts typically V - 1 
Include reagents fo r 100 
teats. Other comparably 
pr iced kits Include reagents 
fo r only 50 testa. So test 
for test, dol lar fo r doBar, 
you' l l not on ly get more 
wi th Hach k i t * , but you' l l 
save more too . 

C a s e S h i p . 

S t y l e W t . 
M o d e l C a c N o . T e s t Range (See p . 2 4 0 ) ( lb) Price 

dipstick, color - - y S - * ^ ^ ^ « 

disc. Pocket Pal 
Tester . ^ • X ^ ' r 

. P h o s p h o r u s 

' Potassium - , ... . 
- r N t t n r t e -N r t r c ^en "v ^ 

S I W - 1 2496O-O0 S o i l Tes ts 
dipstick. % Base Sa tu ra t i on 
drop count, color C a t i o n Exchange C a p a c i t y 

disc. Pocket Pal Exchangeab le S o d i u m 
Tester F ree -L ime E s t i m a t i o n 

Gypsum Requirement 
Exchangeab le C a l c i u m & M a g n e s i u m 
L i m e R e q u i r e m e n t 
N i t r a te -N i t r ogen 
PH 
Phospho rus 
P o t a s s i u m 

S o d i u m , e x c h a n g e a b l e 
So i l Tex tu re E s t i m a t i o n 
To ta l Exchangeab le A c i d i t y 

I r r i ga t i on Wafe r r e s t s 
Conduc t i v i t y 
C a l c i u m & M a g n e s i u m 
N i t r a te -N i t r ogen 
PH 

P o t a s s i u m 
S o d i u m E s t i m a t i o n 
S o d i u m A d s o r p t i o n Ra t i o 

J , G 950.00 
0-100% 5.S. 

O-M* meq/100 g 
Calculation 

visual analysis j 
0-360 kg/ha (0-15 tons/ac) 

0-M" meq/100 g j 
0-360 kg/ha (0-15 tons/ac) 

0-60 p p m 
0-14 pH 

0-130 ppm 
0-250 ppm 
Calculation 

Visual analysis 
0-M* meq/100 g 

0-50 mg/L 
0-14 pH units 

0-5 mg/L 
Calculation 
Calculation 

I 

'No uoper «TM 

Call Toil-Free 1-800-227-4224 





Individual Soil Kits 
Macronutrients — 

Nitrogen and Phosphorus 

Nitrogen 
Nitrogen is an essential plant nutrient that promotes above-ground 
growth and produces tne rich green color in leaves resulting from the 
production of chlorophyll. Deficiencies are charactenzed dy 
chlorosis and can lead to insufficient growth of seed and vegetation. 
While crop yields can be greatly increased by nitrogen applications, 
they must also be protected from excessively high nitrogen levels. 
Extremely high levels can delay plant maturity and produce greater 
vegetative growth at the expense of fruit and seed production. 
Nitrogen is easily leached out of soil and must be measured 
accurately. Each cf the kits below includes a copy of the LaMotte 
Soil Handbook. 

RANGE AND REAGENT NUMBER OF 
CODE/MODEL TEST METHOD SENSITIVITY SYSTEM TESTS PRICE 

3338/SL-NA 
(Nitrate) 

5420/ST-N 
(Nitrate) 

Octa-Slide 
Rltered Extract 

Color Chan 
Rltered Extract 

2.5,5.0,10.20. 
40.60.80, 
100 lb/A nitrate N 

10.20. 40. 
100 lb/A nitrate N 

Cadmium 
Reduction 
2 reagents 

50 $49.90 

Cadmium 
Reduction 
2 reagents 

50 4aso 

3335/Sl-AN 
(Ammonia) 

Octa-Side 10,20,30,40 . 
Rltered Extract - 50,60,70.80 lb/A 

ammonia N -

Phosphorus 
Phosphorus stimulates early root formation, gives a rapid and 
vigorous start to plants, hastens maturity, stimulates blooming and 
aids in seed formation. Deficiency symptoms include stunted 
growth, leaf abnormalities and even dead areas on leaves, fruit and 
stems. Most soils do not have enough phosphorus and need to be 
monitored constantly by soil analysis. The presence of available 
nitrogen and a soil pH level in the range of 6.0 to 7.0 provide 
optimal conditions for plant uptake of phosphorus. The kits listed 
below measure phosphorus in pounds per acre, and each is 
furnished with a copy of the LaMotte Soil Handbook. Note the 
Model ST-NF is for measuring phosphorus in alkaline soils. 

CODE/MODEL 

3340/SL-P " 

5025/ST-P 

5071/ST-NF 
(tor alkaline 
soils) 

TEST METHOD 

Octa-Slide 
Filtered Extract 

Color Chart 
Rltered Extract 

Octet Comparator 
Filtered Extract 

RANGE ANO 
SENSITIVITY 

15.20,' 45,60V 
75,90,120, 
150 lb/A 
phosphorus • 

10.25.50.75* lob! 
150.200 tb/A 
phosphorus 

15.30; 40,60775."•' 
90,120,150 lb/A 
phosphorus 

REAGENT 
SYSTEM 

NUMBER OF 
TESTS PRICE 

''•v.v.Vanadomolybdo- ~ * C * £ * 5 0 .V*2-/a/ftu $49.90* 
.-"-phosphoric Ack l ' ! ^^ 'v i i !a*€r .^ ^c i«Ks i59fc i£sns i 

2 reagents '-'"* L - 1 

50 Ammonium Molybdate 
3 reagents 

;Vanadomolybdo-
phosphoric Acid 
2 reagents 

50 

31^30 



Custom Test Kit 
Service and Ordering 
Information 

Custom Test Kit Service 
In addition to a broad selection of standard 
test kits. LaMotte Chemical offers custom 
test kits to meet the exact requirements of 
our customers, if there isn't a standard 
LaMotte test kit that will satisfy your needs, 
our custom equipment service can solve 
your problem by matching a custom lest kit 
to your job. This is accomplished in a 
number of different ways. 
• Selection from our extensive inventory of 

non-catalog test kits for specialized 
applications 

• Alteration of standard tests to meet your 
special requirements 

• Development of new test methods for new 
proprietary compounds or for control of 
specialized treatment programs 

• Customized multi-para meter outfits in 
which you specify the test factors, 
methods, and packaging to meet your 
needs. 

How the custom equipment 
service works 
For a test kit that will meet your special 
needs, here is all you have to do. 
Step 1. Send us a profile of the project under 
consideration. Indicate the use of the 
product, the level of accuracy desired, the 
ranges to be covered, the quantity of 
production units involved, and any limitations 
such as size, weight, cost, or the level of skill 
of the end user. Please indicate if any part of 
the project is to be kept confidential. 
Step 2. Based on the information submitted, 
we will either suggest one of our non-catalog 
test kits or furnish you with a proposal that 
will provide a cost schedule for producing 
the item and also indicate if there will be any 
development charges for any original 
investigative work that may be required. 
There is no obligation for a quote. 

Step 3. Upon receipt of your approval and 
the order, development work or production 
will begin immediately. Delivery of the 
finished products will be made at the earliest 
possible date. 

Ordering Information and Terms of SaWx^~-. 
.Address orders t o r ! LaMotte Chemical Products Company 7,^ -:.. 

•; - This is a Western Union International telex "v.-*: 
V ; : " _ " * J:_number. Our answerback isLAMQPHEM.^ ^ 

Please include the Product Code Number and desired quantity 
for each item on your purchase order. Also be sure to include 
complete address information tor both shipping and billing. 

Prices shown in this catalog may be subject to change without 
notice. Prices are f.o.b. Chestertown. Freight charges are shown 
separately on our invoices. 

Payment is due within thirty days from date of invoice for customers 
who have established accounts with us. If you are ordering from 
LaMotte Chemical for the first time, please provide credit references 
or send a check or money order with your purchase order, (t you call 
us. our order clerks will be happy to take your credit references by 
phone. 

A Small-Order Handling & Delivery Fee of $4.00 is applied to all 
orders totaling less than $25.00 net. This flat tee includes the cost of 
delivery via surface transportation. It simplifies order processing and 
enables us to service small orders without instituting a minimum 
order requirement. Orders totaling net S25.00 or more are billed at 
invoice value plus actual freight charges. 

Please allow ten working days for processing and shipment of your 
order LaMotte test kits are made to order to insure that all reagents 
are as fresh as possible when you receive them. And every LaMotte 
test kit undergoes a t00% inspection procedure before leaving our 
plant. 

Shipment will be by the method specified on your purchase order, 
unless prohibited by size, weight or restrictive chemical nature of the 
materials ordered. When method of shipment is not specified, our 
expert Traffic Department will select the best carrier based on 
economy and service. Please note that air shipment of reagents 
classified as hazardous materials may entail an additional charge tor 
special packaging and preparation of restricted article 
documentation. | 

Insurance will be applied to all shipments at the purchaser's expense, 
unless the purchase order specifically requests us not to insure. 

Claims for shortages or breakage must be filed with us within ten 
days from date of invoice, if the shipping carton is undamaged. It the 
shipping canon is received in damaged condition, the claim should 
be filed immediately with the carrier. 

Before returning any materlaljto us. please contact us about the 
materials to be returned. Returned goods are subject to a re-stocking 
charge. Appropriate credit or exchange will be issued following our 
inspection of the returned materials. 

Export Sales 
Our experienced Export Department handles orders from all 
countries other than the United States and Canada. Our export sales 
terms are payment in advance, either by direct payment in U.S. 
dollars or by irrevocable letter of credit in U.S. dollars. We will glady 
provide a no-obligation proforma quotation detailing our f.o.b. 
Chestertown prices, plus all freight and insurance costs. Export 
pricing is based on our regular domestic prices, as shown in this 
catalog. To cover our additional costs for export packaging, 
documentation and handling, we apply an Export Service Charge to 
our regular domestic prices. The Export Service Charge is equal to 
10% ot the net invoice total. The| minimum charge is $10.00 (on 
orders with net total of $100.00 or less); the maximum charge ts 
$200.00 (on orders with net total of $2,000.00 or more). 
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